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- Each spring, the Max Planck Institute for Informatics publishes an annual report
- for the general public. We would like to take this opportunity to present some of the
. current topics, goals and methods of modern informatics. We introduce the work
. of our institute and hope to bring you, our readers, closer to the fascinating world of

. our science.

 The Max Planck Institute for Informatics aims to be a lighthouse in research in in-

© formatics. We aim to have impact in the following ways: First, through our scientific
work, which we disseminate mainly through publications and books, but also in the

- form of software and internet services. Second, through the training of young scien-

* tists, particularly during the doctoral and postdoctoral phases. We are educating future
- leaders for science and industry. Third, through our role in the field. We initiate and

: coordinate large research programs, and serve on important committees. Fourth, by
attracting talent from within and outside the country. About half of our staff of over

- 190 scientists comes from abroad. Fifth, through the transfer of our results into in-

* dustry. These transfers take place through cooperation projects, spin-offs, and people.
Sixth, by building a world-class competence center for informatics in cooperation with
© our partners: Saarland University, the German Research Center for Artificial Intelli-

© gence and the Max Planck Institute for Software Systems. We have been very success-
ful in all of these undertakings in recent years.

- Our success is becoming visible in the new buildings for the Max Planck Institute for
Software Systems, the Center for Bioinformatics, the Intel Visual Computing Institute,
© the informatics lecture halls, the informatics and mathematics library, and the Cluster
of Excellence, all of which are located at the Platz
der Informatik. We are very pleased about the re-
newals of the Cluster of Excellence “Multimodal
Computing and Interaction” and the “Saarbriicken
Graduate School of Computer Science” and also
about the successful evaluation of our IMPRS
(International Max Planck Research School).

- The report is structered as follows: After an overview of the institute and its depart-

© ments and research groups, we present the main areas of recent work. These topics
span several departments and will also be the focus of our work in the next years.

o This part is followed by a brief overview of current events. The last part of the report
© contains a selection of recent scientific publications and a compact presentation of

- the institute through key indicators.

Please enjoy reading this report.

Bernt Schiele Managing Director



The Max Planck Institute for Informatics,
an Overview

Information technology influences all aspects of our lives. Computer systems, hardware, soft-
ware, and networks are among the most complex structures that have been constructed by man.
Computational thinking is a new way of studying the universe. Basic research in informatics is
needed to cope with this complexity, to lay the foundations for powerful computer systems, and

to further develop computational thinking.




Basic research in informatics has

- led to dramatic changes in our everyday
© lives in recent years. This has become

o particularly clear in the last two decades:
* The worldwide web, search engines,

- compression processes for video and

© music, and secure electronic banking
using cryptographic methods have re-

© volutionized our lives just a few years

- after their discovery at universities and
- research institutes.

: The Max Planck Society, the lead-
© ing organization for basic research in

- Germany, reacted to these challenges

- by founding the Max Planck Institute for
- Informatics (MPI-INF) in Saarbriicken
in 1990. In 2005, the Max Planck Insti-
- tute for Software Systems (MPI-SWS)

* was established with sites in Saarbriick-
- en and Kaiserslautern. There are depart-
© ments with a strong emphasis on infor-
matics in other institutes of the Max

© Planck Society as well. The restructuring
- of the Max Planck Institute for Metal

© Research into the Institute for Intelligent
© Systems has further strengthened infor-
matics within the Max Planck Society.

- Given the importance of the area, the

- establishment of further institutes for

. informatics or related areas is desirable.

Goals
The Max Planck Institute for

Informatics aims to be a lighthouse in

. research in informatics. We aim to have

impact in the following ways:

First, through our scientific work,

. which we disseminate mainly through
publications and books, but also in the

- form of software and internet solutions.
- At the moment, we are concentrating

- on algorithms for very large, multimod-

- al data. Multimodal means text, speech,
images, videos, graphs, and high-dimen-
. sional data.

Second, through the training of

© young scientists, particularly in the doc-
toral and postdoctoral phases. We are

* educating future leaders for research

- and business. Over 190 researchers are

: working at our institute and remain with
us on average for three years. In this way,
- we provide the society with over 60 well-
- trained young scientists each year.

Third, by our role in the profession.

We initiate and coordinate large research
- programs and serve on important com-

- mittees, e.g., the “Wissenschaftsrat”.

- The Institute has played a significant

© role in forming the Excellence Cluster

“Multimodal Computing and Interaction”

- and the “Graduate School of Computer
- Science”.

Fourth, by attracting talent from

within and outside the country. Half of

* the research staff of the institute comes
- from outside Germany. This strengthens
. the talent base in Germany and estab-
lishes bridges to foreign countries.

Fifth, by transferring our results

. to industry. These transfers take place

© through cooperation projects, spin-offs,
and people. Intel founded the Intel

* Visual Computing Institute in 2009

- together with the UdS (Saarland Uni-
versity), the DFKI (German Center for

. Artificial Intelligence), the MPI-SWS,
and the MPI-INF. Intel is investing $12

- million in a new research project with its
- head-quarters on the campus of the UdS.
. The development of future graphics and
visual computing technologies are at the
- core of the center’s work. The investment
- will take place over a period of five years
- and is the most extensive cooperation

© between Intel and a European university
to date.

Sixth, by building a world-class

competence center for informatics in

© cooperation with our partners, the UdS,
© the DFKI, and the MPI-SWS. We have
- been very successful in all of these en-

- deavors in recent years.



History and Organization

The Max Planck Institute for Infor-
matics was founded in 1990 with Kurt
Mehlhorn as the founding director. He
has led the “Algorithms and Complexity”
department since then. Also, Harald
Ganzinger was involved from the very
beginning and led the “Logic of Pro-
gramming” department until his death
in 2004. A third department, “‘Computer
Graphics”, followed in 1999 under the
direction of Hans-Peter Seidel. Thomas
Lengauer then joined in 2001 to lead
the “Computational Biology and Applied
Algorithmics” department. Gerhard
Weikum has led the “Databases and
Information Systems” department since
2003. In the summer of 2010, the new
“Computer Vision and Multimodal Com-
puting” department, led by Bernt Schiele,
was added.

In addition to the departments,
the institute is home to independent
research groups: The “Automation of
Logic” research group headed by Chris-
toph Weidenbach and the Otto Hahn
research group “Ontologies” headed
by Fabian Suchanek as well as several
junior research groups within the Ex-
cellence Cluster “Multimodal Com-
puting and Interaction” and in the Max
Planck and Stanford cooperation (Mar-
tin Bokeloh, Adrian Butscher, Michael
Kerber, Erik Reinhard, Tobias Ritschel,
Michael Stark, Carsten Stoll, Thorsten
Thormihlen, Péter Vajda und Tino
Weinkauf).

- Senior Researchers

The scientific work of the 31 re-

- search groups at the institute is orthogo-
© nal to its organizational structure. These
research groups are headed by so-called

© senior researchers. Directors and inde-
© pendent research group leaders automati- © |
- cally become senior researchers through
- their appointment to the institute; more-
. over, postdoctoral researchers can be-

© come senior researchers by going through
© an acceptance process similar to the pro-
- cedure for a professorial appointment to

© a university.

The senior researchers currently

- with the institute are: Mario Albrecht,
Ernst Althaus, Jan Baumbach, Benjamin
- Doerr, Khaled Elbassioni, Tobias Fried-

- rich, Rainer Gemulla, Ivo Thrke, Olga

- Kalinina, Thomas Lengauer, Alice Mc-

- Hardy, Nicole Megow, Kurt Mehlhorn,

. Sebastian Michel, Karol Myszkowski,

© Antti Oulasvirta, Michael Sagraloff,
Thomas Sauerwald, Ralf Schenkel, Bernt
- Schiele, Hans-Peter Seidel, Viorica

- Sofronie-Stokkermans, Rob van Stee,

- Fabian M. Suchanek, Martin Theobald,
- Christian Theobalt, Thorsten Thormihlen, :
© Michael Wand, Christoph Weidenbach, :
Gerhard Weikum and Tino Weinkauf.

- Research Topics

Algorithms are our central research

subject. An algorithm is a general recipe
- for solving a class of problems. We enlarge :
. the computational universe through the

© design of new and better algorithms. We
prove the correctness of these algorithms
- and analyze their performance. We im-

- plement them and validate them through
. experiment. We make them available to

. the world in the form of software libraries :
and internet services. We study inherent
* properties of computation and investigate *
- techniques for robust software design.




- We apply the algorithms to interesting

- application problems. Improved hardware
© has led to impressive gains in efficiency;
improved algorithms can lead, and have

* led, to even larger gains. Here is an ex-

- ample: The state of hardware and algo-

- rithms in 1970 made it possible to calcu-
© late an optimal travelling salesman tour
through 120 cities (a classic optimization
- problem and a recognized benchmark

- for computer performance). Adding one

© more city multiplies the run time of the

* classical algorithm by 120, and adding
another city multiplies it by 121; the

- running time grows super-exponentially.
By combining the increased hardware

. speed, made possible by today’s technolo-

gy and the classical algorithm from 1970,
. we could solve problems with 135 cities.
It is the advancement in algorithms that
- allows us to find an optimal route through
. thousands of cities today; if we were to
rely soley on advances in hardware, such
- performance would not even be possible
- in a hundred years.

: The scientific problem of under-
- standing the hand-developed algorithms

- and their realization in computer programs :

- has two important aspects. First, there

. is the question of whether the program

© calculates what it was intended to with-
out “crashing”, “freezing”, or blocking all
- of the computer’s resources. Second,

- there is also the question of whether the
. program is “cfficient”, i.e., whether the
best possible algorithm has been found.
- The department “Algorithms and Com-

- plexity” concentrates on the resource

: requirements of algorithms. The most
important resources are running time

: (How long must I wait for the result of

© my computation?) and space requirement
(Do I have enough storage space for my

. calculation?). The group develops new
algorithms with improved running times

and storage requirements and also studies
the basic limits of computation (How

. much time and space are provably neces-
o sary for a computation?).

The “Automation of Logic” research
group investigates logic-based generic
procedures for solving “hard” combinato-
rial and decision problems. Typical logic-
based applications are the verification
of systems with a significant discrete
proportion and optimization problems.

Nowadays, computers are used to
model, represent, and simulate aspects
of real or virtual worlds. Since the visual
sense is a key modality for humans, com-
puter graphics has become a key tech-
nology in modern information and com-
munication societies. The department
‘Computer Graphics” researches the en-
tire processing chain from data acquisi-
tion via modeling (creation of a suitable
scene representation) to image synthe-
sis (generation of views for human con-
sumption). The following scientific chal-
lenges emerge from this: For the input
side, we want to develop modeling tools
for efficient handling and processing of
large data flows, and, on the output side,
we are seeking new algorithms for fast
computation of high-quality views; these
algorithms should exploit the capabilities
of modern graphics hardware.

The department “Bioinformatics and

Applied Algorithmics” addresses the po-

tential of computing for the life sciences.

- The life sciences have an increasing de-

mand for algorithmic support due to the
recent large increase in experimental
data. Algorithms play a central role in
the preparation and configuration of
biological experiments and even more
in the interpretation of the biological
data generated by them. The computer

- is now an essential tool for biology and

- medicine. The understanding of biologi-
© cal processes on the molecular level is
not possible without sophisticated infor-
© mation processing. Vast amounts of data
- need to be processed in modern biology,
- and the biochemical interactions in the

© living organism are so complex that stud-
ying them is hopeless without algorith-

- mic support. Therefore, bioinformatics
 methods have become essential for mo-

- dern research on the diagnosis and treat-
ment of illnesses.

The Otto Hahn research group
“Omntologies” is concerned with automated

. knowledge base construction. Their re-
search topics include information extrac-
- tion from web documents, learning the

- rules of data mining, the integration of

- web services, and ontology matching.

The “Databases and Information

Systems” department is dedicated to the
- topics of search, distribution and organi-
- zation of data in digital libraries, scien-

. tific data collections, and the worldwide
web. Our long-term goal is the develop-
 ment of easy-to-use, scalable, and pre-

- cise tools for intelligent searches, which
. actively support the user in the formu-

* lation of queries and in finding relevant
information from different data formats.
: A special characteristic of this research

* is the automatic extraction of structured
. information from unstructured sources
such as the worldwide web. Our extrac-
. tion processes combine pattern recogni-
- tion, linguistic methods, and statistical

- learning. In this way, the department has
© created one of the most comprehensive
knowledge bases over the past few years
* and has made it publicly available. In ad-
- dition, we are developing new methods

- and software tools for the search and
analysis of XML documents, graphics-



based RDF data, and very data-intensive
internet archives. We investigate various
approaches for the implementation of
these methods in distributed computing
systems for better scalability.

The department for “Computer
Vision and Multimodal Computing” in-
vestigates processing and understanding
sensor information. Sensors range from
relatively simple, e.g., GPS and accelera-
tion sensors, to very powerful sensors,
e.g., cameras. They are embedded in
more and more devices. Although the al-
gorithmic processing of sensor informa-
tion has advanced considerably, it is still
mainly limited to low-level processing.
In particular, we are far from being able
to fully interpret and understand sensor
information. Such sensor understanding
is, however, a necessary prerequisite for
many areas such as man-machine inter-
action, the indexing of image and video
databases, or for autonomous systems
such as robots.

Excellence Cluster “Multimodal
Computing and Interaction”

The Institute plays an important
role in the Cluster of Excellence on
“Multimodal Computing and Interaction”,
which was established by the DFG
(German Research Foundation) in 2007.
All directors of the institute are principal
investigators of the cluster, and Hans-
Peter Seidel is the scientific coordinator.

The starting point of the cluster’s
research program was the observation
that there have been dramatic changes
over the last two decades in the way we
live and work. Twenty years ago, most
digital content was textual, whereas to-
day, its scope has exploded to include

- audio, video, and graphics that are avail-
- able practically everywhere. The challenge
© s to organize, understand, and search
this multimodal information in a robust,
- efficient, and intelligent way and to de-

- velop reliable and secure systems that

- allow intuitive multimodal interaction.

© The cluster addresses this challenge.
The term “multimodal” describes the

- different kinds of information such as

- text, speech, images, video, graphics, and
© high dimensional data as well as the way
in which it is perceived and communi-

- cated, particularly through vision, hear-
- ing, and human expression. The cluster’s
: primary goal is to improve the ability of

. computer systems to cfficiently and ro-
bustly collect, then process and present
- data of various modalities. A further goal
- then is to analyze and interpret large

- volumes of distributed, noisy, and incom-
. plete multimodal data and then organize
and visualize the obtained knowledge

" in real-time. This is called mulitmodal

- processing. Everyday interpersonal com-
© munication is based on numerous differ-
©ent modalities; so, the cluster’s second
major goal is a similarly natural multi-

- modal interaction of information systems
- —anywhere, anytime. The systems must
- consider environmental context, react to
language, text, and gestures, and then

- respond in appropriate modalities.

This research program builds on

. existing strengths: The cluster comprises
© the departments of Computer Science,

Computational Linguistics and Phonetics,

- and Applied Linguistics at Saarland Uni-
- versity, our Max Planck Institute for In-

- formatics, the German Research Center
for Artificial Intelligence, and the Max

Planck Institute for Software Systems.

- The participating institutions have agreed
. on a joint long-term research program




- as the basis of their work. The university
- and the state government provide special
. assistance to the cluster.

A prominent goal of the cluster is

- to qualify and promote young scientists.
Saarbriicken has acquired a reputation
over the years as an “elite school” for

- young scientists. For this reason, the

- majority of the allocated funds have been
- devoted to the establishment of junior

. research groups. This concept has proved
considerably successful in the past years,
- and several young scientists have since

- taken professorships in Germany and

- abroad.

Publications and Software

The scientific results of the Max
© Planck Institute for Informatics are
- distributed through presentations, pub-
- lications, software, and web services.
. Our publications appear in the best
© venues of the computer science field.
: Most publications are freely available in
- the institute’s repository [ http://www.mpi-
* inf.mpg.de/publications/]. Part of our results
. is available in the form of downloadable
software or as a web service. Examples
- are CGAL (Computational Geometry
- Algorithms Library), as well as the clin-
- ically-used web service geno2pheno for
HIV therapy support. Publications in the
form of software and web services make
- our results available more directly and
- to a larger audience than classical publi-
© cations.

Promotion of Young Scientists

A further goal of the institute is the
creation of a stimulating environment for

. young scientists, in which they can grow,

develop their own research programs,
and build their own groups. We concen-
trate on doctoral and postdoctoral train-
ing. Our 110 PhD students are trained
in cooperation with the Graduate School
of Computer Science at Saarland Uni-

- versity and the International Max Planck
- Research School for Computer Science

(IMPRS-CS), page 94. Our postdoctoral
researchers participate in international

collaborations such as the “Max Planck
Center for Visual Computing and Com-

. munication” (a cooperation with Stan-

ford University in the area of computer
graphics), page 26, or the “Indo Max

" Planck Center for Computer Science”

(a cooperation with leading universities
in India), page 102, or one of our many

EU projects.

We encourage our young scientists
to establish their own research programs
and move on to other institutions. Since
the founding of the institute, several re-
searchers from the Max Planck Institute
for Informatics in Saarbriicken have

- joined other research facilities, many of

them accepting professorships.

- Structure of the Report

After a brief introduction to the

. departments and research groups of our
institute, we survey our work by means
© of representative examples. We group

- the examples into subject areas, each of
- which spans at least two departments.
© This report ends with a presentation of
the IMPRS-CS, an overview of recent
. events, a presentation of the institute
- in figures, infrastructure aspects, and
- a tabular listing of cooperations and

. publications. Enjoy reading it.


http://www.mpi-inf.mpg.de/publications/
http://www.mpi-inf.mpg.de/publications/

‘ DEPT .1 Algorithms and Complexity

ymplexity

- The group has existed since the founding of the institute. It currently has about 40 staff members
and doctoral candidates. Our goals are
e carrying out outstanding basic research in the field of algorithms
e implementing our fundamental work in demonstrators and generally useful

software libraries
‘e promoting young scientists in a stimulating work groups environment.
We are successful in all three aspects. We are effective through publications, software and
people. We publish in the best journals, present our results at the leading international confer-
ences in the field, our LEDA and CGAL software libraries are used worldwide, and we offer
completely new search engine opportunities for efficient and intelligent searches in larger
amounts of data. Many former members of the group are in top positions domestically

and abroad.
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Algorithms are the heart of all soft-
- ware systems. We work on the design

- and analysis of algorithms in many facets:
combinatorial, geometric and algebraic

- algorithms, data structures and search

- processes, very different computer models
- (sequential, parallel, distributed, flat data
or hierarchical data), exact and approxi-

© mate solutions, problem-specific meth-

- ods and general heuristics, deterministic
- and randomized solutions, upper and

. lower bounds, analyses in the worst case
and on the average. We develop efficient
- algorithms for abstract versions of appli-

- cations problems as well as for concrete

- applications, e.g., resource optimization

. in the production of semiconductors.

A portion of our theoretical insight is

- used to implement software demonstra-

- tors and software libraries; as a part of

© our practical work, we collaborate with
companies.

Outstanding theoretical results in
- the past two years include a new algo-

- rithm for the highly efficient, and at the
© same time, provably correct isolation of
zeros, so-called certifying algorithms for
- combinatorial problems in graphs (i.e.,

- algorithms that do not only compute a

- solution, but also validate the correct-
ness of the solution) as well as a simple
o (therefore also practical) algorithm for

- calculating equilibrium prices in the

- Fischer and Walras market model. In

- addition to designing good algorithms,

. we strive to better understand fundamen-

tal algorithmic principles.

Outstanding practical results in

. recent years include our contribution to
the CGAL software library, which also

- makes the handling of non-linear objects
- possible, and the CompleteSearch search
: engine and its application to one of the

- most important literature databases in
: computer science.

Notable practical results in recent

- years include our contributions to the
- Computational Geometry Algorithms

Library (CGAL) as well as to the search

© engine Complete Search and its applica-
© tion in one of the most significant com-
° puter science bibliographic databases.

Our software library, LEDA (begun in

. the 1990s) continues to enjoy strong
 demand in science and industry.

The combination of theoretical

* and experimental research in algorithms
© has become a widely accepted research
direction. The DFG supports it via its

- priority program “Algorithm Engineering”.

The group is involved in internatio-

© nal projects: the GIF project (geometric
computing — with the University of Tel

* Aviv) and the Indo-German Max Planck
- Center for Computer Science (IMPECS).

In addition, there is a regular interna-

© tional exchange through various means

of support for excellent research. Our

* scientific staff members have received

- scholarships from the Humboldt Society,
. the European Union (Marie-Curie), and
the German Academic Exchange Service

(DAAD). In Germany, we participate in

- the “Algorithm Engineering” priority pro-
- gram and are part of the trans-regional
. special research area AVACS (Automatic

Verification and Analysis of Complex
Systems). Siemens and Google provide

funding for PhD students in the work
. group.

The promotion of young scientists

- is an integral component of our work.
- We give lectures at Saarland University,
. which are addressed not only to students,
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- but also to our doctoral candidates. Our
- annual summer school draws leading

© experts and distinguished international
graduate students to Saarbriicken.
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| DEPT.2 Computer Vision and Multimodal Computing

d Multimodal Computing

- The department was founded in 2010 and currently includes 16 scientists. The group’s
main research areas are computer vision with a focus on object recognition and 3D scene
- description as well as multi-sensor-based context recognition in the area of ubiquitous

and wearable computing.
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Sensors such as cameras, GPS and
- accelerometers are being increasingly

- embedded in devices and environments,
and they are already helpful in various

- ways. Computer-controlled processing of
- sensor information has made enormous

© progress but is generally limited to simple
matters. This means, in particular, that

- devices and computers which have access
* to this sensor information do not fully

- interpret it and thus cannot truly under-
. stand their environment. The depart-
ment is therefore concerned with the
understanding of sensor information,
using both powerful sensors, such as

- cameras, and embedded sensors, such
as gyroscopes and accelerometers.

: In the area of computer vision, the

- department deals with problems such

© as object recognition, one of the basic

: problems of image understanding. In
recent years, this area of computer vision

* has made impressive progress, and the de-
- partment has played a pioneering role in

. presenting several innovative approaches.
One of these approaches recognizes and
- segments the object simultaneously, lead-
" ing to significantly improved results in

- comparison with standard approaches.

. Current work has presented approaches
for learning 3D models. These not only

- enable the robust detection of objects,

- but also allow additional parameters that
- are essential for 3D scene understanding,
. e.g., the estimation of visual direction.

Another central theme of the de-

- partment is people detection and tracking
using moving cameras. This problem is

© not only scientifically challenging but
also has a wide variety of applications,

" such as image and video understanding,
- or in robotics and the automobile industry.
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For example, cars equipped with such a
camera may predict the movements of
pedestrians and therefore react to their
behavior more effectively. The depart-
ment has developed approaches that ro-
bustly detect people and track them over
longer periods of time, even if they might
be out of sight for a long time. A recently
presented approach not only describes
people but also entire 3D scenes, repre-
senting a further step towards complete
image and scene understanding.

In addition to computer vision,
the second central research area is the
processing and understanding of multi-
modal sensor information. The under-
lying observation here is that an increas-
ing amount of computers and sensors
can be found in our environment, in ob-

. jects and even in our clothing. Context

awareness and sensing is often seen as

a means of making the computing tasks
sensitive to the situation and the user’s
needs. Ultimately, context awareness may
sup-port and enable seamless interaction
and communication between humans
and computing environments without the
need for explicit interaction. In this area,
the department has presented approaches
to recognize long-term activities and to
model personal daily routines. It was also
possible to show that a person’s interrup-
tibility can be predicted with surprising
accuracy using a few sensors embedded
in their clothing.

The third research area of the de-
partment is machine learning. This plays
the important role as a cross-cutting
theme, as the other research areas make
extensive use of probabilistic modeling
and inference techniques. These allow,
for example, the modeling of the uncer-

- tainties that exist with any sensor pro-

© cessing. In addition, they allow the use

© of large amounts of data, and can also
elegantly integrate previous knowledge. :::

l l I I I max planck institut
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| DEPT. 3 Computational Biology and Applied Algorithmics

logy and Applied Algorithmics

- This department dates back to October 2001 and is directed by Prof. Dr. Thomas Lengauer.

- The department currently comprises about 20 scientists, who perform research exclusively

- in computational biology.
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The department focuses on topics

- more or less closely related to the diag-

© nosis and therapy of diseases. At the mo-
lecular level, diseases can be understood
* in terms of anomalies in the biochemical
- circuitry of an organism (“Bioinformatics”,
: page 42). The building blocks of such

. biochemical networks are DNA, RNA,
and proteins. The circuitry is realized by
* transient binding of the molecules among
- each other and with small organic ligands.
© In this manner, proteins catalyze chemi-
cal reactions, together with RNA they

- regulate the expression of genes, and

- they transduce signals in and between

- cells.

Our research concentrates on two
- groups of diseases.

On the one hand, we investigate

. viral infections. The molecular under-
standing of such diseases requires the

- elucidation of the function of the relevant
- viral proteins and their interactions with
. the molecules of the infected patient as

- well as with drug molecules. So, analysis
must be carried out at the level of the

* three-dimensional structure of the in-

- volved molecules. Furthermore, under-

. standing the processes in the complex

© networks composed of these interactions
is essential.

Our methods are applied to con-

- crete diseases such as AIDS (“Protein
Structure and Interactions”, page 44),

- Hepatitis B and Hepatitis C (“Analysis

- of Viral Genomes Using Next-generation

: Sequencing”, page 46). AIDS plays a

. special role; with this disease, the Max
Planck Institute for Informatics goes

- even a step further. We analyze the resist-
- ances of HI viruses against administered
: combination drug treatments (“Bioinfor-

matical Support of HIV Therapy”, page

- 45). Furthermore, we investigate the pat-

. tern of geographical distribution of the

© virus (“Networks and Phylogenies: Under-
standing Disease Spread and Evolution”,

. page 48).

Diseases like cancer, neurodegene-

© rative diseases, or immululogical diseases
are based on different principles. Here,

- the starting point is an interplay between
- the genomes of the patient and the envi-
. ronment. Therefore, an early diagnosis
of a disease like cancer can be based on

- the analysis of genetic or epigenetic ab-

- errations of the relevant tissue. The epi-
- genome — the aggregate of all chemical

© modifications of the DNA inside the nu-
cleus as well as the chromatin enveloping
. it — is the key to the complex regulation

- of the cell, which moves out of kilter in

- such diseases. Charting the entire epi-

© genome is one of the great challenges
facing molecular biology in the next

- years (“Charting Epigenomes’, page 49).

A large part of the method develop-

© ment in the department results in soft-
ware systems, which are used worldwide
* by many academic, clinical, and often

- industrial users. Examples, which are

© presented in this issue (“EpiExplorer

© and RnBeads: Integrative Analysis of Epi-
genomic Data”, page 90), include the

- field of epigenetics, the analysis of pro-

- tein function and protein interaction

© networks as well as the optimization of
AIDS therapies (“Bioinformatical Support
 of HIV Therapy”, page 45).

Our department is one of the main

. pillars of the Bioinformatics Center Saar,
an inter-faculty center at Saarland Uni-

- versity focusing on teaching and research
- in the area of bioinformatics. The depart-
- ment is a member of the German Arevir
network and the European Consortia
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- EuResist and CHAIN, all of which con-
- tribute to bioinformatics research on viral
© resistance development. Moreover, the
department coordinates the bioinformat-
- ics for the German Epigenome Program
- (DEEP), sponsored by the German Fed-
. eral Ministry of Education and Research
. (BMBF), and is a partner in the Euro-
pean research programs BLUEPRINT

- (epigenics) and PREDEMICS (research
- of viruses with considerable epidemic

. potential).
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| DEPT. 4 Computer Graphics

- The Computer Graphics work group was founded in 1999 and includes 40 scientists today.

An important characteristic of our work is the thorough consideration of the entire pipeline, from
data acquisition to modeling to image synthesis including (3D image analysis and synthesis).
Typical in this area is the co-occurrence of very large data sets and the demand for a faster and

. more interactive presentation, wherever possible.




Computers are often used today

© to construct segments of, simulate, and

© present the real or a virtual world. Due
to the importance of visual information

- for people, computer graphics have in

- the previous decade become a key tech-

- nology for the modern information and
communication society, and their future

© potential for application is merely hinted
- at by such keywords as multimedia, digi-
- tal television, telcommunications, virtual
. reality, or 3D internet. Typical for this
area is the co-occurrence of very large

- data sets and the demand for a faster (if

- possible, more interactive) visual presen-
- tation of results with high image quality

. on scalable displays. In addition, the user
should be able to intuitively interact with
- his environment.

New approaches are needed from

. a scientific point of view in order to meet
the above-mentioned challenges. An im-
* portant characteristic in our work group
- is, therefore, the thorough consideration
- of the entire pipeline, from data acquisi-
tion to modeling (creation of a suitable

- internal computer scene description to

© image synthesis (generation of arbitrary

- views). These integrated views are neces-
© sary in order to adequately use the per-
formance capabilities of modern hard-

- ware, the input (image generating pro-

- cesses) as well as the output (graphics

- hardware). In the meantime, the term

© 3D image analysis and synthesis has been
coined for this integrated view. Central

- scientific challenges arising from this are
- the development of appropriate mode-

- ling tools for the efficient handling and

. further processing of data flows from the
input side as well as the development of
- new algorighms for fast and qualitatively

- high-value presentation with close link-

: age to the possibilities and prospects of
modern graphics on the output side.

The scientific activities of the Com-

: puter Graphics work group are embed-
. ded in a series of project activities on
national, European, and international

- levels.

Especially important is the jointly

founded “Max Planck Center for Visual

Computing and Communication”, devel-

oped with the support of the Max Planck

Society and Stanford University and with

© significant support from the BMBF (Ger-
: man Federal Ministry of Education and

Research). It was founded in October

2003. The aim of this bridge-building
- effort between the two top locations in
. Germany and the United States is to
strengthen research efforts in this key
- area of modern information and commu-
- nication technology. By establishing new
. exchange mechanisms with attractive
opportunities for returning researchers,
the center is making a significant contri-
* bution to training and winning back out-
- standing young scientists. The direction
. of the center is in the hands of Professor

Bernd Girod, Professor Leonidas Guibas
(Stanford University), and Professor
Hans-Peter Seidel (Max Planck Institute

- for Informatics).

Furthermore, the Computer Graphics

- work group is significantly involved in the
- activities of the Cluster of Excellence on

“‘Multimodal Computing and Interaction”.

© The excellence cluster was newly formed
in 2007 within the framework of an Ex-

- cellence Initiative by the German federal
- and state governments and has been

- awarded a renewal for a second funding

. period (2012 — 2017). The scientific
coordinator of the excellence cluster is

Prof. Hans-Peter Seidel.

An additional important develop-

: ment was the founding of the “Intel Vis-
. ual Computing Institute” in May 2009.
This new research institute is located on
- campus and is jointly supported by Intel,
- Saarland University, the DFKI (German
- Research Center for Artificial Intelli-
gence), the Max Planck Institute for In-
formatics and the Max Planck Institute

- for Software Systems. Prof. Hans-Peter

- Seidel represents the Max Planck Insti-
- tute for Informatics on its Governance
Board. Professor Christian Theobalt is a
- member of the Steering Committee.

Over the past ten years, more than

© 30 young scientists from the Computer
Graphics group have received professor-
- ships in Germany and abroad. The group
- has earned a number of prizes, includ-

: ing awards for young scientists, the Eu-

© rographics Distinguished Career Award
for Professor Hans-Peter Seidel, and the
- German Pattern Recognition Prize for

- Professor Christian Theobalt.
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‘ DEPT. 5 Databases and Information Systems

ormation Systems

- The Department, which is led by Gerhard Weikum, pursues research in five topic areas:

1. Knowledge discovery on the Web with statistics- and logics-based methods for automatic
fact extraction from Internet sources like Wikipedia;

2. Text mining for the automatic classification of documents and for the identification of in-
teresting patterns in text corpora, especially in news and web archives over long timescales;

3. Ranking and inference methods for queries for which only the top k answers are important,
and for coping with uncertain data (e.g. automatically extracted relations from text);

4. Query processing and optimization of execution plans for efficient search on structured and
semistructured data (e.g. in XML or RDF format);

5. Methods and tools for big data analysis across large collections of structured and unstruc-
tured data (e.g., for individualized music recommendations that are automatically generated
from comments and ratings in online communities, or for entity recognition in news articles

and other texts).
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A central theme in the scientific

- work of the department is the automatic
© gathering of comprehensive knowledge
bases from information on the World

* Wide Web as well as discovering, track-

- ing, and analyzing patterns and individual :

- entities (people, organisations, etc.) and
their cross-relationships in dynamic web
- sources. In the YAGO-NAGA project,

- avery large knowledge collection called

- YAGO (Yet Another Great Ontology) has

. been created using fact extraction from
Wikipedia and integrating the WordNet

- taxonomy. For exploration and intelligent
- search in YAGO, a new type of search

- engine called NAGA (Not Another Google
© Answer) has been developed. Both use
the semantic web data model RDF

- (Resource Description Framework), and

- the group has developed one of the fast-
. est RDF scarch engines called RDF-3X

. (RDF Triple Express). A variety of further
research topics are addressed within the
© YAGO-NAGA framework: Inclusion of

- multilingual information, systematic

. gathering of multimodal data (e.g. pho-

© tos of people), analysis of time changes
in knowledge, deduction of new relation-
* ships on the basis of probable but un-

- certain knowledge, and more. The YAGO
© knowledge base is freely available and
has more than 10,000 downloads. It has
- been used for many projects all over the
- world, including projects at Google, Mi-
- crosoft, and in IBM’s Watson project.

: The vision that drives this work is

- the expected convergence of the Seman-
- tic Web with its formal ontologies and

- logic-oriented search and inference, the
Social Web (Web 2.0) with its latent

- “Wisdom of the Crowds”, and the defacto
. predominating Statistical Web with its
. statistical approach to data capturing
and probabilistic underpinnings of search
- engines. The web could be the basis of a

comprehensive knowledge base, which

: contains the entire encyclopedic know-
ledge of mankind in a formal, structured,
- and machine-readable representation,

- and enables higher-level programs and

- intelligent services. The benefits of such
. a knowledge base would be enormous.

Many of the prototype systems de-

- veloped in the group are publicly availa-
- ble and are used by other research groups
- worldwide. These include, in particular:

1. The XML search engine TopX,

which has achieved top ranks in
the INEX benchmarking series
and provides the semantically
annotated Wikipedia reference
corpus for the INEX competition;

2. The RDF search engine RDF-3X,

which can search semantic web
data and other graph-structured
data very efficiently for complex
patterns;

3. The software prototype RDF-Ex-

press for entity search in combined
RDF/text data.

© 4. The software tools that automa-

tically create and maintain the
YAGO knowledge base, as well
as the YAGO contents itself;

- 5. The tools SOFIE and PROSPERA,

which extract rational facts from
arbitrary websites and text docu-
ments,

6.  The software package PATTY,

which distills semantically typed
textual patterns for relational phras-
es as well as their paraphrases,

- 7. The AIDA-Software for entity re-

cognition and disambiguation in
English texts.

The department is involved in a
number of externally funded projects,

. especially the EU projects “Living
Knowledge” and “Longitudinal Analytics

- of Web Archive Data”, the BMBF joint

- project “WisNetGrid” as well as the

. DFG Excellence Cluster “Multimodal

: Computing and Interaction”. The group
has received a Google Research Award. :::
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Automation of Logic

PROF. DR. CHRISTOPH WEIDENBACH

CONTACT

Automation of Logic

Prof. Dr. Christoph Weidenbach
Secretary Jennifer Miiller

Phone  +49 681 9325-2900

Email jmueller@mpi-inf.mpg.de

‘ RG. 1 Automation of Logic

- The independent research group “Automation of Logic”, under the direction of Prof. Dr. Christoph

Weidenbach, serves the complete pipeline, from basic research on new logics to industrially

used automated reasoning tools.

Logics are formal languages for reasoning with mathematically precise meanings
and exact rules. A simple example of a logic are linear equation systems that we know
from high school, including the variable elimination method for their solution. Logic
was developed at the end of the 19th century in order to exactly describe and calcu-
late general mathematical arguments. Our everyday language is not suitable for exact
descriptions, because of, for example, ambiguities. Since the invention of computers
and information technology, logics have been further developed for computer systems
so that these could also be described precisely and properties could be formulated,
analyzed, and ultimately proven. By about the mid-1990s, such analytical and proof
efforts required massive manual interaction and, therefore, a great deal of time and
money. There have since been major advancements in the automation of the methods.

Proving or analyzing computer system properties is typically “hard”, that is, even
if there are automatic procedures available, the potential number of calculation steps
grows at least exponentially with the size of the problem. From the mid-90s to date,

however, procedures for a number of practically relevant properties have been devel-

- oped to work fully automatically in reasonable time. In sum, the application of logic

was extended from mathematics to properties of computer systems in the broadest
sense. In addition, it has been found that many of the techniques developed are
generally successful on hard problems, even if they do not originate from the formal
analysis of computer systems and mathematics. The application of analysis and proof
techniques has thus once again extended to general hard problems in recent years,
e.g., combinatorial optimization problems.

Our research group develops automatic, logic-based procedures. These should
be capable of computing solutions for a class of applications within an acceptable
amount of time. We are particularly interested in the verification of controls, distrib-
uted protocols and systems, safety properties, software, solutions for decision and
optimization problems, and in the computation in specific domains like in linear and
non-linear arithmetic. We aim to be able to answer increasingly complex questions
fully automatically and within an acceptable time period. To this end, the efficiency
of the formal analysis methods used today must be raised significantly. This is the goal
of our research group, “Automation of Logic”.



‘ RG. 2 Ontologies

e
i 4 7]
= - -
balan Y oy
i— 8 \ ’ -

FT} s
ks Whmine ine e
- i 48
T b Py A=
2 a3
v 1 ]
o S, o, e ]
—— 8 7

- The independent research group “Ontologies”, led by Dr. Fabian M. Suchanek, was established
in January 2012. It focuses on the automatic construction of knowledge bases and their

- applications.

Today, computers are already able to understand many things about everyday life:
- Internet search engines can answer simple questions directly (for example, “When was
: Max Planck born?”). The Siri system in Apple’s iPhone can understand spoken ques-

© tions. And the Watson system from IBM recently won the American quiz show Jeopardy!.
These things are only possible because the systems have a structured collection of

- knowledge at their disposal. They must know who Max Planck is, the iPhone owner’s

- friend’s telephone number, or the name of the author of The Hitchhiker's Guide to the

. Galaxy. Such a knowledge base is known as an ontology. Ontologies normally contain

© entities (such as people, cities, companies, or films) and facts about those entities (for
example, which actor appears in which film, which company is headquartered in which
© city, and so on).

In the Ontologies research group, we investigate how such ontologies can be auto-
* matically built and maintained. The group was established at the beginning of 2012 and
currently comprises the leader, a PhD candidate, and a master’s student. It is financed

- through an Otto Hahn Grant of the Max Planck Society.

In our research, we develop algorithms that can extract information from data

© sources (such as Wikipedia). We also investigate how this information can be tested
automatically for consistency, so that the extracted information is as accurate as pos-

- sible. Our main project, which we are pursuing together with Department 5, is YAGO.
- YAGO is an ontology that we have generated automatically from different data sources.
. It currently contains about 10 million entities and 100 million facts, and is freely avail-
able at http://yago-knowledge.org .

Our group also concerns itself with different aspects above and beyond the

: construction of ontologies. For example, we work on the automatic discovery of logical
© connections in ontologies. Thus we can, for example, find out that spouses usually live
in the same city, that the doctoral advisor of a scientist usually works at the university
- where that scientist received his or her degree, or that popes usually die in Rome.

In cooperation with the French INRIA Institute in Saclay, we are working on

© automatically combining different ontologies. Our work with the University of Versailles
concerns the integration of web services in ontologies. Other research areas include

- information extraction and the proof and representation of the provenance of facts.

- We thus cover a whole range of research questions relating to the theme of ontologies.

: Our YAGO ontology, among others, is used in the aforementioned IBM Watson system. :::
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Max Planck Center for Visual Computing and Communication

PROJECT MANAGEMENT: PROF. DR. HANS-PETER SEIDEL

In 2003, the “Max Planck Center for Visual Computing and Communica-
tion” was established with substantial sponsorship from the BMBF
(German Federal Ministry of Education and Research). The Max Planck
Center links two globally leading institutes in this field, namely the
Max Planck Institute for Informatics in Saarbriicken and Stanford

University in the USA.

The cooperation’s focus is fundamental research in the
field of Visual Computing and Communication and includes,
in particular, the subareas of image acquisition, image analysis,
image synthesis, computer vision, visualization, human-com-
puter interaction, and the uninterrupted and quick exchange
of image data and videos in complex networks.

Strengthening Germany as a science and research location in
the field of computer science

A major goal of the program is the development and pro-
motion of young scientists. This is achieved by opening the way
for particularly qualified young computer scientists to gain early
scientific independence, with simultaneous close integration
into an internationally competitive, stimulating, and scientific
environment. In this context, particularly outstanding young
postdoctoral graduates are given the opportunity to do inde-
pendent research in a small work group for up to five years,
under the supervision of two mentors from Germany and the
United States. After a two-year stay at Stanford, where they
have the status of Visiting Assistant Professor (Phase 1), the
scientists return to Germany and continue their work as junior
research group leaders at the Max Planck Institute for Infor-
matics (Phase II). The second phase of the program is generally
also open to outstanding postdoctoral graduates from other

countries who are willing to return here.

Current status

For the past cight years, this model has rewarded Germany

. with attractive return perspectives, which is counter to the

often observed “Brain Drain” to the USA. In this way, it contrib-
utes to the development and safeguarding of highly-qualified

* young scientists and thus to the sustainable strengthening of

the innovation capacity and competitiveness of this location.
Since its founding, the Max Planck Center has gained an inter-
national scientific reputation of being a real talent factory. Since
launching the program in 2003, a total of 17 young scientists
have completed the program. Of these, 14 young scientists (82 %)
have meanwhile received professorships, 13 thereof in Germany
(76 %), and eight of them being full professorships. The success-
ful evaluation last year ensured the unabated pursuit of the pro-

gram'’s goals.

The Center's success demonstrates that it is indeed pos-
sible for Germany to be successful in the global competition
for the brightest talent. Some key elements of this successful

program are its international focus and the flexible and highly

dynamic research program, whose development owes signifi-
cantly to the contributions of the postdoctoral graduates. Fur-
ther important elements are the early scientific independence
of the young scientists with simultaneous integration into an

* international, scientific environment, and also the attractive re-

turn perspectives. The great success of the Max Planck Center

: for Visual Computing and Communication makes the program

a model for other education and research faculties.

CONTACT

Prof. Dr. Hans-Peter Seidel
Secretary Sabine Budde

Phone  +49 681 9325-4000
Email budde@mpi-inf.mpg.de



Excellence Cluster Multimodal Computing and Interaction

SCIENTIFIC COORDINATOR: PROF. DR. HANS-PETER SEIDEL

The Excellence Cluster ,Multimodal Computing and Interaction” was
established by the German Research Foundation (DFG) in 2007 as part
of the Excellence Initiative by the German federal and state govern-
ments. The renewal proposal last year was successful, and the second

research funding phase (2012-2017) has begun.

The starting point of the research program in the cluster
was the observation that our living and working conditions have
changed dramatically in the past two decades. Twenty years
ago, digital content consisted mainly of text; today, these con-
tents have expanded tremendously in scope to include audio,
video, and graphics and are now available virtually anywhere.
The challenge lies in organizing, understanding, and browsing
this multimodal information in a robust, efficient and intelli-
gent way; at the same time, reliable and safe systems that
allow intuitive multimodal interactions need to be created.

The Cluster of Excellence on Multimodal Computing
and Interaction has taken on these challenges. In this context,
the term “multimodal” refers to the different types of informa-
tion such as text, language, images, video, graphics, and high

dimensional data as well as the types of perception and commu-

nication, particularly seeing, hearing, and body language. Our
first goal is to improve the abilities of computer systems and
to capture, process, and illustrate data from different modes
efficiently and robustly.

Even large, distributed, noisy, and incomplete multimodal
data are to be analyzed and interpreted; the captured knowl-
edge is to be processed and visualized in real-time. This is
called multimodal processing. In addition, daily interpersonal
communication is based on a multitude of different modalities,
namely spoken language, body language, gestures, and facial
expressions. Our second goal is, therefore, a similarly natural
and multimodal interaction with information systems anywhere
and anytime. The systems must consider the context of their
environment, react to language, text, and motions, and then

answer in appropriate modalities.

This research program builds on the existing strengths of

- its participating institutions and is a joint, long-term research

© endeavor; it is comprised of the departments of Computer
Science, Computer Linguistics and Phonetics, and Applied

- Linguistics at Saarland University and also the Max Planck

- Institute for Informatics, the DFKI (German Research Center
- for Artificial Intelligence), and the Max Planck Institute for
Software Systems. The university and the state government

© offer significant support to the cluster.

An explicit goal of the cluster is the qualification and

© promotion of young scientists. Saarbriicken has a long history
of playing a leading role in this respect and has over the years

- acquired the reputation of an elite training hub for young

- scientists. Therefore, the majority of the approved funds are

- used for the establishment of junior research groups. In the

. past four years, this concept has proven to be extremely suc-
cessful, and a large number of junior scientists have meanwhile
- been appointed to professorships in Germany and abroad.

The scientific activities of the Max Planck Institute for

- Informatics decisively contribute to the success of the cluster.
All directors of the institute are principal investigators of the

- cluster, and Prof. Dr. Hans-Peter Seidel serves as the scientific
- coordinator.

CONTACT

Prof. Dr. Hans-Peter Seidel
Secretary Sabine Budde

Phone  +49 681 9325-4000
Email budde@mpi-inf.mpg.de
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Research Areas

32 People Detection and Pose Estimation in
: Challenging Real-World Scenes
33 3D Scene Analysis
34 3D Object Detection
35 Markerless Reconstruction of Dynamic Scenes
36 Scalability of Object Class Recognition
37 Advanced Video Processing
38 : Recognition of Kitchen Activities in Videos
39 3D Scene Understanding from Monocular Cameras
40 Learning of Visual Representations
44 Protein Structure and Interactions
45 Bioinformatical Support of HIV Therapy
46 : Analysis of Viral Genomes Using Next-generation Sequencing
47 Attacking HIV from New Angles
48 Networks and Phylogenies:
- Understanding Disease Spread and Evolution
49 Charting Epigenomes
52 Exact Solving of Polynomial Systems and Applications in
- Geometric Computing
53 : Automated Deduction
54 How to Trust the Output of Your Program
55 Model Checking for Hybrid Systems
56 Dealing with Selfishness in Optimization
517 Quantifier Elimination — Statements Can Also Be Calculated
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60 Search and Mining in Web Archives

61 Big Data: Scalable Analysis of Very Large Datasets

62 AIDA: Resolving the Name Ambiguity

63 Ontology Matching with PARIS

64 YAGO: a Collection of Digital Knowledge

65 URDF — Efficient Reasoning in Uncertain RDF Knowledge Bases
66 EnBlogue — What is New and Interesting in Web 2.0?

70 Stereo and HDR Imaging: Display Quality Measurement and Enhancement
n Advanced Real-Time Rendering

72 PICASSO - Soundtrack Recommendation for Images

3 Computational Photography

74 Calibrated Display Management

75 : Recognizing Human Activity

76 Correspondences and Symmetry in 3D Scenes

7 Flow Analysis

78 Optimizing User Interfaces for Human Performance

82 Computation of Equilibrium Prices

83 Rule-based Product Configuration

84 Approximation Algorithms for Profit-maximizing Pricing Problems
85 Query Complexity: From Theory of Evolutionary Algorithms to Mastermind
86 Optimality in Matching Problems

90 EpiExplorer and RnBeads: Integrative Analysis of Epigenomic Data
91 RDEF-3X — Fast Searches for Semantic Data

92 Markerless Performance Capture



30

Understanding images and videos is one of
the fundamental problems of image process-
ing. The scientific challenges range from the
modeling and tracking of people and objects
in camera systems to the reconstruction and
description of 3D scenes. This area has many
applications; these include the animation of
people and visualization of 3D scenes, the
indexing of image and video material, and
also 3D-capturing of the environment for
automotive applications. This research area
is thus situated at the intersection between
computer vision and computer graphics,
resulting in numerous opportunities for

cooperation within the institute.

Various research groups within the
Max Planck Institute for Informatics

: work on the different aspects of image
and video understanding. In the field of

- modeling people, work is carried out on

- the reconstruction of animated models

. from multi-video data, for example. The
primary goal here is the ability to model

- and visualize people in detail and as ac-

- curately as possible. Furthermore, methods
- for people detection and tracking are re-

searched that require monocular cameras

© only and that are able to detect and track
- many people simultaneously in complex

scenes. Even if these studies pursue

- fundamentally different targets and use
. different camera configurations, they
. benefit from each other, as these areas

use similar models and algorithms.

A further area of understanding

© images and video is the reconstruction
and description of 3D scenes. Again,

" there are different studies within the

- institute that benefit from each other.

For example, 3D scenes are reconstruc-

ted from image series to enable a surface
- description of 3D objects that is highly
- detailed and accurate. Furthermore, the

3D environment of a moving car is de-
scribed. Here, a special focus is on the

© complete identification and description
- of pedestrians and other road users. All
- this work shows that the integration and

use of 3D scene models can significantly

. improve results.

One of the fundamental problems
of understanding images is the recogni-

tion of objects. With the current omni-

o presence of digital image material, auto-
* matic visual object-class recognition

- techniques are becoming increasingly

. important. Even if today’s approaches

: can achieve remarkable results, one of

- the most significant problems remains:

How can object models be learned or

- constructed? Therefore, a central topic
. of various research work at the institute
concerns how such object models can

. be constructed with as little manual

- input as possible to enable a broad

- applicability of today’s approaches.

A further fundamental problem is

being able to describe and understand
- human activities. We investigate differ-
- ent methods for person and object re-

© cognition and, beyond that, explore
the use of linguistic descriptions of the
* activities. This makes it possible, for

- example, to recognize human activity

. based on a linguistic description, with-
out having previously recorded sample
- data for it.
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People Detection and Pose Estimation in Challenging Real-World Scenes

Detection, tracking and pose esti-

mation of people are the key technologies

for many applications such as automotive
safety, human-computer interaction, ro-
botic navigation, or indexing images and
videos from the web. At the same time,
they are among the most challenging
problems in computer vision that remain
a scientific challenge for realistic scenes.

Although state-of-the-art methods
perform well for simple scenes with
walking people, they often fail in scenes
with people performing complex activi-
ties or in crowded scenes with multiple
people that frequently partially or fully
occlude each other. In this project, we
address these limitations, building on the
recent advances in generic object detec-
tion and computer graphics.

Training computer vision models from
synthetically generated images

One of the key ingredients for the
success of state-of-the-art methods is
the ability to automatically learn the
appearance of people from a collection
of training images. We investigate how
3D human shape models from computer
graphics can be leveraged to obtain syn-
thetic training data suitable for training
models in computer vision. We rely on
the recent statistical model of 3D human
shape and pose that is learned from a
large collection of human body scans.
Our approach allows us to directly con-
trol data variability while covering the
major shape and pose variations of hu-
mans that are often difficult to capture
when manually collecting real-world
training images. Our method is able to
generate synthetic images of people ei-
ther by directly sampling from 3D shape
model or by automatically reshaping real

. images of people. We validate the effec-
© tiveness of our approach on the task of
articulated human detection and articu-
- lated pose estimation. The obtained re-

- sults indicate that our automatically gen-
- erated synthetic data helps to noticeably
© increase the performance on both tasks
[Figure 1 and 2].

Joint detection and tracking of people in
- crowded scenes

We apply the idea of synthetic

© training data generation to the problem

- of people detection and tracking in

. crowded scenes. We combine it with the
observation that in the case of partial oc-
© clusions, the joint detection of pairs of

© people is often easier than the detection

f Phone
* Email

f Phone

- Email

Figure 1 and 2:

Example results obtained
with our pose estimation
model trained on combination
of real and synthetically
generated images

Figure 3 and 4:

Example results obtained
with our method for joint
detection and tracking of

o
peopie in cr

dad

- of each person individually. We propose a
. joint detector that relies on the common
patterns of person-person occlusion and

- incorporates them as features for detec-

© tion. Once a joint configuration of people
- is detected, it can the be decoded into

. detections of individual persons. How-
ever, configurations of two people also

- exhibit an increased amount of appear-

© ance variation, which is known to make

- the detection problem more difficult.

© We compensate for that by synthetically

© generating examples with various degrees
of partial occlusion and mutual arrange-
 ments of people. We show that our joint

- detector significantly increases detection
. performance in crowded scenes and leads
© to an improvement in people tracking
[Figure 3 and 4].
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3D Scene Analysis

* Figure 1: Automatic creation of a blend (center) between a bicycle (left) and a motorcycle (right).

. Simple creation of new 3D objects

- through blending of existing models

On the Internet, more and more
free or commercial databases of profes-

- sionally-created 3D objects are becoming
- available. For a non-expert user, the com-
- plex operation of current modeling tools

© makes it difficult to create similarly good
3D objects. Therefore, often the only op-
- tion these users have is to choose from a
- 3D database an existing model that most
- closely matches their vision. As part of

© our project, a tool was developed that
makes it possible for a non-expert user

* to create a new 3D object according to

- his or her wishes by combining existing

- objects from a 3D database. To that end,
. the database objects must be automati-
cally analyzed to determine which parts

- can be exchanged. The analysis includes
- firstly the segmentation of an object into
© its component parts. Next, contacts and

. symmetries among the parts are identified.

© The process then enables the creation of
- variants of the object that have similar
- contacts and symmetries [see figure 1].

Autamatic
materials

- Automatic assignment of materials for 3D
- objects

The material composition of a 3D
© object is strongly correlated with the ob-
ject's geometric shape and its relation to
- other objects in its immediate vicinity
* (context). In a further project, we have
- sought to model these context-dependent
: correlations and to show that they can
be learned from a database containing
- several hundred 3D objects with known
* materials. If a 3D model without mate-
- rials is then passed to the software we
. have developed, the learned model can
be used to assign plausible material
- parameters fully automatically (includ-
- ing diffuse and specular reflection, gloss,
- and transparency) [see figure 2].

: We have also developed a user in-
- terface that provides suggestions for al-
* ternative materials. This user interface

: can be used to further refine the auto-

. matic suggestions [see figure 2 right]. Once
a refinement has been made, the model
- uses this information to improve the

Figure 2: Given a 3D object without materials (/eft), our approach can automatically assign appropriate
. materials (second from left). It also suggests alternative materials to the user; these can be selected inter-

actively to improve the automatic assignment (right).

Suggestions

: Phone
. Email

- automatic assignment of other parts of

- the 3D object. The approach works for
3D objects with different numbers of

- parts and with different topological com-
- plexity. Studies with non-expert users

- showed that the suggested process sim-

: plifies and accelerates the assignment

of materials significantly in comparison

" to conventional approaches.
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3D Object Detection

Detecting and localizing objects in
images and videos is a key component of
many applications in robotics, autono-
mous driving, image search, and surveil-
lance. Traditionally, the object detection
task has been defined as the localization
of instances of a certain object class
(such as cars) in an image. That is, the
input to an object class detector is an im-
age, and the output is a two-dimensional
bounding box that highlights the position
of the detected object.

Recent work is making it increas-
ingly clear that high-level applications
like scene understanding and object
tracking would benefit from a richer,
three-dimensional object representation.
Such a representation comprises, in addi-
tion to the traditional 2D bounding box,
an estimate of the viewpoint under which
an object is imaged as well as the relative
3D positions of object parts. It allows us
to derive scene-level constraints between
multiple objects in a scene (objects can-
not overlap in 3D) and between multiple
views of the same object (the viewpoints
of different detections must be consist-

ent with camera movement).

Similarly, the traditional focus on
basic-level categories, such as cars, birds,
and people, has been extended to finer-
grained categories, such as specific car
brands or plant and animal species, again
providing richer constraints for scene-

level reasoning.

Figure 2

3D deformable part-based models

The goal of this project has been

to build a 3D object class detector that,
- along with a traditional 2D bounding

* box [see figure 1], provides an estimate of
- object viewpoints as well as relative 3D
part positions [see figure 2].

Since 3D object modeling requires
supervision in the form of 3D data, we
leverage 3D Computer Aided Design
(CAD) models as a 3D geometry proxy

for the object class of interest. In addi-

© tion, we use 2D real-world imagery to

- obtain realistic appearance models. One
. of the main challenges consists in bridg-
ing the gap between artificial 3D geo-

- metry and 2D real-world appearance,

- which we achieve through a shape-based
- abstraction of object appearance based

. on non-photorealistic rendering. The final

3D object class representation is then

given by a probabilistic, part-based mod-
- el, trained from both 3D and 2D data.

In our experiments, we have been

able to demonstrate excellent perfor-

* mance in both the traditional 2D bound-
- ing box localization task and tasks aimed
: at scene-level reasoning, such as view-

© point estimation and ultra-wide baseline

- matching.

Figure 1

Fine-grained categorization for 3D scene
understanding

In this project, we have followed
the intuition that fine-grained object cat-

- egories can encode metric information,
- which in turn provide valuable informa-

tion for 3D scene-level reasoning. Know-

ing the exact brand and type of a car,

- for example, can be used to look up the

- physical size of the car in a product data-
- base, and further, to estimate its distance

. from the camera by relating its physical

size with the size and shape of its image

: projection.

We have extended our 3D object

. class representation to encompass fine-
© grained category information and collect-
ed a novel dataset of car types as a test-
* bed. In our experiments, we have shown

that our model outperforms standard

- visual classifiers in fine-grained classifica-

tion. Furthermore, we have demonstrat-

o ed that fine-grained category information
* can aid 3D scene-level reasoning by pro-
- viding metric sizes that constrain the

scene geometry.
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Markerless Reconstruction of Dynamic Scenes

- Reconstruction of detailed animation
- models from multi-video data

Computer-generated people, so-

- called avatars, have become an impor-

© tant component of visual media, for
example, in computer animations, films
- or networked virtual environments. In

- order to be able to present virtual hu-

© mans in a convincing way, the individual
- characteristics of the person, such as, for
example, his movement, geometry and

- surface texture, must be extremely rea-

- listically modeled. One way to achieve

- this is by defining every partial aspect

© of the overall appearance manually in an
animation program. This is a very time-

- intensive and complex process. The geo-
- metry of the person must be constructed
- in precise detail, and each nuance of

© movement must be finely specified.

: It is, therefore, easy to imagine that com-
- pletely manually produced animations,

- especially with respect to the quality of
 movement animation, do not achieve the
level of detail of a true human.

The alternative to manual modeling
* consists of measuring some aspects of

- animation from real people. Motion cap-
. ture systems make it possible to recon-
struct a skeletal model of a person using
- video image streams. Unfortunately, this
 method of movement capture is a very

- complex process, and the person being

. measured must often wear a special
skin-tight suit with optical markers.

In addition, neither the time changing

© geometry nor the texture of a person is

- captured with such systems.

: In our research, we have developed
- anew type of Performance Capture Algo-
* rithms. For the first time, it is possible

- to reconstruct the detailed movement,

. dynamic geometry, and dynamic texture
of a person in complex clothing, such as,
o adress or a ball gown, solely from multi-
* video streams. Our process requires no

- optical markers in the scene.

In the reporting period, we have

© been able to improve our performance
- capture methods in many ways. A new
- algorithm enables us, for the first time,

. to reconstruct detailed animation models

Figure 1: left: one of 12 camera views; right: 3D model
with reconstructed high geometry detail.

Figure 2: From video frames of only 2 cameras (left)

* we can reconstruct a detailed dynamic 3D model

of the face (right).

(i.e., surface+skeleton) of several closely

interacting actors in the same scene.

- A further milestone is a new algorithm

to estimate incident illumination in

arbitrary environments from multi-view

* video. Based on this estimated illumina-

tion model, one can reconstruct much
more detailed dynamic surface geometry
than with any previous approach from
the literature available to date [Figure 1].
Based on these fundamentally new theo-
ries, we developed the first approach in
the literature to reconstruct detailed ani-
mation models of human faces using a
single stereo camera [Figure 2]. We also
developed a new approach to capture
much more accurate full body poses by
exploiting lighting and reflectance mod-
els that we estimated from video footage

of general scenes. Another important

achievement is the development of a very

fast motion estimation approach that can
measure complex skeleton motion from
multi-view video footage captured under
less controlled environment conditions
(i.e., no controlled background like in

studio environments).

Real-time motion capture with depth

: sensors

The performance capture methods

- for exact detailed reconstruction, which
: were described in the previous section,
require very complex calculations and

- are, therefore, not real-time. In addition,
- these methods require several video

- cameras. Motion measurement from a

© single camera perspective is an extremely
complex and highly underconstrained

- problem.

New types of depth cameras, such

* as, for example, so-called Time-of-Flight
. cameras measure 2.5D scene geometry
- in real-time. It is easier to reconstruct

body movements from a single camera

- perspective by using both depth and video
© data together. Unfortunately, depth cam-
era data is very noisy, has low resolution
- and exhibits a systematic measurement

bias. We have, therefore, developed

- methods to calibrate depth sensors,
. eliminate noise, and increase camera
- resolution through calculations on the

- original data (super-resolution process).

With improved depth data and

: through a newly-developed process from
our research, all body movements of a

- person can be measured from one single
- camera perspective. The real time algo-

- rithm to measure movement combines a
. depth-based pose optimization procedure
with a procedure for fast finding of simi-
- lar poses from a large database of move-

‘' ment sequences.
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Scalability of Object Class Recognition

Due to the omnipresence of digital
imagery today, automatic techniques for
the visual recognition of objects are be-
coming more and more important. The
focus here lies on the recognition of en-
tire classes of objects such as cars, rath-
er than specific instances such as one
particular red sports car. While current
state-of-the-art systems achieve remark-
able recognition performance for individ-
ual classes, the simultaneous recognition
of multiple classes remains a major chal-
lenge. At training time, building reliable
object class models requires a sufficient-
ly high number of representative training
examples, often in the form of manually
annotated images. At test time, prediction
has to be efficient so that the correct label
can be inferred among large sets of pos-
sible classes. Our research aims at reduc-
ing the requirements at training time in
order to achieve more scalable learning
procedures. Increased scalability at test
time is achieved by more efficient infer-
ence schemes that share computation
among classes as well as optimize for com-
putation-time aware performance metrics.

Identifying re-usable components
automatically

In order to apply the re-use of
model components in practice, re-usable
components have to be identified auto-
matically. In this project, model com-
ponents correspond either to attributes,
i.e., distinct visual properties like color
or texture, or to entire object class mod-
els. We propose to relate object classes
and attributes by automatically mining
linguistic knowledge bases. Examples of
linguistic knowledge bases include, e.g.,

Known ?N.H

training classes .

z

Class-attribute

/X

- WordNet, Wikipedia, Flickr, and Yahoo

- web search [Figure 1]. The mined relations

can then be used to build object class
models, even for classes for which no
training examples are available, relying
entirely on re-used components from
other models. The recognition perfor-
mance of the fully automatic system is
demonstrated to be en par with providing
the object class-attribute relations by
human subjects.

Sharing of computation between classes

Today’s state-of-the-art object de-
tectors predominantly achieve multi-class
detection by a combination of multiple
single-class detectors. This is undesirable
because the computation time grows
linearly with the number of classes.

© A more detailed analysis of the most
. common architectures reveals that such

independent detection schemes perform
a significant amount of redundant com-

. putation. Intuitively, car and bicycle

detectors are both looking for wheels,
but the detection scheme does not ex-

- ploit this. Therefore, we have presented

shared basis representations that capture
the commonalities between such parts
and classes [Figure 2]. As a consequence,

- we only have to compute the activations

of such a basis once and can share the
results among the class detectors. From
this shared representation, we are able to
recover the activations of the individual
class detectors with high accuracy. We
have presented a detection method that
leverages such decompositions, together

- with a hardware accelerated implementa-

tion, and have shown up to 35x speedups
over individual detectors.

Class-attribute
associations

Unseen
test classes

Pt of

associations
Attribute from language
classifiers ° @ word A “¥xHOO!
Net wikiriniA Flickr

\/ P&

Figure 1: Automatic identifi-
cation of re-usable attribute
models.
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Figure 2: Efficient object class recognition by shared
representations

Effective use of computation time
Real-time systems as well as large-
scale recognition and retrieval systems
are often limited by a computational
budget. Today’s approaches rarely take
such constraints into consideration and
do not adapt their execution strategies

- with regard to the expected performance

gains and the computational cost of a
classifier or detector. In our work, we
propose a method that has access to mul-

- tiple image classifiers and detectors and

learns to deploy them with an optimal
strategy so that an application dependent
reward is optimized under computational
budget constraints. Intermediate results
are used to determine which classifier or
detector is executed next. In contrast to
prior work, our “reinforcement learning”™
based approach also picks actions that do
not have an immediate pay-off but will
generate future rewards. For instance,
our image classifier does not yield any de-
tections, but the result helps the method
to make a more informed decision for
the next time steps and thereby increases

- performance over the whole episode. We

have shown that this approach yields a
strategy that outperforms the best fixed
execution orders under a time-sensitive

- performance metric.
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Advanced Video Processing

Image processing methods are im-

© portant tools during the postprocessing

© of photographies. One example is the en-
hancement of picture quality by applying
- special filters, for instance to suppress

" noise or to enhance contrast. Often, it is

. also necessary to remove certain regions

© from pictures and to fill-in or inpaint the
hole in the image. The foundation for

- all such operations are mathematical

- methods that analyze and modify the

: image signal. Many standard tools for im-
age processing provide such algorithms.

Postprocessing of videos is a much
- more challenging task. Videos are not

- merely a temporal sequence of individual
: images. Modifications to videos during
postprocessing, therefore, need not only
© be spatially consistent, that is, consistent
- within a single image, they also need

- to be consistent over time, that is, over

© many subsequent frames. Many com-
mercially available video editing tools,

. however, are based on exactly this as-

- sumption that videos can be treated like
- sequences of individual images. Post-

. processing operations with such tools
are, therefore, limited to the application
- of simple filters over a temporal window.

Many practically relevant video pro-
© cessing tasks are much more complex, as
the following example shows. In profes-

- sional video and movie productions, en-

- tire scene elements, such as certain ac-

© tors or supporting crew, may need to be

: removed from a shot, or their positions in
a shot may need to be changed during

© postprocessing. In consequence, entire

© image regions in videos that are now

- disclosed (or now form a hole) need to

. be inpainted over time. In addition, it
may be necessary to adjust for the chang-
- ing illumination situation in the entire

- video after the edit. No existing video

- filtering approach would even come close
. to solving such a complex video editing

© task automatically. The consequence is
that such editing tasks are usually solved
- through time-consuming manual editing,
- where individual pixels in individual

. frames are modified by artists. Even for
short scenes, this can entail weeks of

- necessary postprocessing time, an effort
. that everyday users are neither able nor
. willing to afford.

The goal of this research project is

- the development of the algorithmic theory
- to efficiently and effectively solve com-

- plex video editing tasks such as the one
in the previous example. To this end, an
- algorithm needs to know more than the

* image signal at every frame. It is impor-
- tant that an algorithm develops a seman-
. tic understanding of a video: What ob-
jects are visible in a scene ? What is the
- illumination and reflectance of materials
- in the scene? How do individual scene

- elements correlate and move over time ?
: The algorithmic challenges we face in
this problem are very demanding, and so
- far, the algorithmic theory is still in its

- beginning. The further development of

- the algorithmic underpinnings, however,
. is essential to enable also inexperienced
users to control advanced video editing

- and to produce modified videos in a

- mostly automatic way.

Object removal from video and dynamic

- background inpainting

An important subtask of many ad-

- vanced video editing tasks is the inpaint-
- ing of a dynamic scene background. For
instance, if an object in the foreground

© of a scene is removed, previously occluded
* parts of the scene background become

- visible. In practice, this means that a hole
. in the video appears, since there is no

© color information available for the origi-
nally occluded regions. This hole has to

- be filled-in or inpainted in all frames of

- the video where it exists. The basic idea

. of this inpainting process is to look at

- other frames of the video (i.e., other time
instants) and see if there are image re-

- gions that could be copied into the hole

- to fill it in. The reasoning behind this

- idea is that at these other frames, the

Top row: original video frame; bottom row: video

- frame in which the persons in the foreground was

- automatically removed and the dynamic background
. was automatically inpainted.

region which is currently covered by the

- hole was actually visible. Should the hole
* be in an area of more or less static scene
© background, inpainting usually means
the copying of larger coherent image

- regions from other frames. In contrast,

- if the hole is in the area of a now unoc-

- cluded dynamic object in the scene, for

© instance a moving person, inpainting is
much more challenging. Not only does

- the inpainted region need to appear spa-
- tially coherent in every frame, the correct
- scene dynamics also needs to be synthe-
© sized, which may not be solved by a mere
copying operation alone. Our methods

- succeed on both, video sequences filmed
- with static cameras and video sequences
" filmend with handheld cameras. In our

© research, we have developed the first
methods in the literature to automatically
- solve the latter problem, namely inpaint-
* ing of dynamic scene background

[see Figure].
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Recognition of Kitchen Activities in Videos

The recognition of human activities
in video has been receiving increasing
interest in recent years. Activity recog-
nition has a wide range of applications,
including human-computer interaction,
surveillance, intelligent environments,
automatic extraction of knowledge from
(internet) videos, and support of disabled
people. However, at the same time, this
research area is still confronted with a
large number of challenges, such as com-
plex human motions and interactions,
very diverse activities, limited image re-
solution and quality as well as limited
observability.

Fine-grained activities in a kitchen
scenario

The current focus of many scien-
tific studies is to distinguish very diverse
activities such as running, swimming or
drinking in videos with limited quality. In
contrast to this, many assistance systems
are required to distinguish very similar
activities, e.g., it is important for a blind
person to know if an opponent wants to
shake hands or steal your handbag. In
our work, we want to examine this prob-
lem more closely and have selected the
“kitchen” scenario. In this scenario, the
complexity of activities can be varied
from very simple actions such as “peel-
ing a carrot” to complex activities of sev-
eral people preparing a complete meal

or dish.

Figure 1: Examples of fine-grained kitchen activities

Figure 2: Trajectories of joints for activity recognition

For this research project, we built
a fully functional kitchen and equipped
it with several cameras [Figure 1a]. In a
first dataset, we recorded twelve sub-

. jects while they prepared a diverse set

of dishes over a total of eight hours of
high-resolution video. On the published
dataset, we evaluated different approach-
es for activity recognition to distinguish
fine-grained activities such as cut, dice,
squeeze, peel, or wash [Figure 1b-h]. One
approach estimates the trajectories of

* joints and learns the differences between

the activities [Figure 2]. A second approach
extracts trajectories of moving points in
the entire video and computes image and

© video descriptors of moving elements.

In comparison, the second approach
achieves much higher performance, as

the approach based on joint-trajectories
does not use any visual information such
as color or shape. Overall, we found that
especially very similar, fine-grained activi-
ties such as “cut slices” and “cut stripes”
are very difficult to distinguish from one
another.

Recognition of composite activities with
attributes and scripts

The previously described fine-
grained activities are in most cases com-

© posed to more complex composite activi-

ties, e.g., the preparation of a dish in the
kitchen scenario. Learning these com-

. posite activities is difficult because the

same dish can be prepared very different-
ly by different people, and it is nearly im-

possible to observe all possible combina-

tions in the training data. We attack this

- problem by representing the composite

activities with attributes; in our scenar-
io, these are activities, ingredients, and
kitchen tools. The representation as at-
tributes allows recognizing new variants
or completely unseen composite activi-
ties. To determine possible variants and
attributes of unseen composite activi-
ties, we use textual descriptions (scripts),

which can be easily collected, e.g., via

crowd sourcing [Figure 3].

—

2) put o wersion - 02

prepare onion

| ( separate egg )

wersion - 01

o1} 1ake €09 from the Fridge
4} 42 put Pan on the stove
the |3} =11 e over pan

) fry for 3-4 minutes

Script data collected using
Mechanical Turk

- Figure 3: Composite activities represented as
- attributes which can be transferred using textual
. script information
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3D Scene Understanding from Monocular Cameras

Scene understanding — a longstanding
goal in computer vision

Inspired by the human visual system,
visual scene understanding has been ad-
vocated as the “holy grail” for machine vi-
sion since its beginning. In the early days
this problem was addressed in a bottom-
up fashion, starting from low-level fea-
tures such as edges and their orientation
as the key ingredients in the derivation of
a complete scene description and scene
understanding. Unfortunately, the reli-
able extraction of saauch low-level fea-
tures proved very difficult due to their
limited expressive power and their inher-
ent ambiguities. As a result and despite
enormous efforts, scene understanding
remained an illusive goal even for rela-
tively constrained and simple scenes.
Disappointed by these early attempts,
the research community has turned to
easier sub-problems and has achieved
remarkable results in areas such as
camera geometry, image segmentation,
object detection, and tracking. As the
performance for these sub-tasks starts
to achieve remarkable performance
levels, we believe that computer vision
should reinvestigate the problem to
automatically understand 3D scenes
from still images and video sequences.

Robotics and automotive applications

Robotics, such as mobile service
robots, as well as automotive safety ap-
plications, such as pedestrian protection
systems, are clearly of major scientific
and commercial interest. Therefore, we
use the recognition of pedestrians and
cars from a moving camera mounted
on a vehicle or robot as a test case and
running example for our work. We can
leverage domain knowledge for both
application areas. The camera, for in-
stance, can be calibrated relatively to
its surrounding area, therefore, camera
height above ground and the orientation,
that is rela-tively to its surrounding area,
are constrained and approximately known.
Moreover, it can be assumed that the
ground is flat in a local neighborhood
and that all objects are supported by it.
Additionally, we include a Gaussian prior
for pedestrian heights as well as for the

- heights of cars. These assumptions pose
- additional constraints to eliminate am-

© biguities and allow us to solve the scene
© understanding problem for such appli-

- cation domains more easily. See figure 1
- for a sample scene.

Figure 1: Our system aims to infer a 3D scene based
on a combination of prior domain knowledge with
. videos of a monocular camera.

Integrated 3D scene model

The system that we have developed

- combines the above prior domain know-
© ledge with powerful state-of-the-art object
class detectors, semantic scene labeling

- and the notion of tracklets. Object class

- detectors determine 2D object locations

- in the image, and semantic scene labeling
© infers semantic classes such as roads,
the sky, or objects for each pixel, whereas
- tracklets, due to geometric and dynamic
- consistency over a longer period of time,
- accumulate image information over

- several frames to achieve a more robust
reasoning (see figure 2 for sample detec-
- tions, segmentation, and system results).

Phone

Phone
* Email

By employing 3D reasoning, our

- model is able to represent complex in-

. teractions like inter-object occlusion,
physical exclusion between objects, and

. geometric context. The results are en-

- couraging and show that the combination
- of the individual components not only

+ allows us to infer a 3D world representa-
tion but also improves the baseline given

- by the object class detectors. Through-

- out this research project we have used

- monocular cameras and are therefore not
© able to directly extract depth from the im-
age disparity. Nonetheless, our approach

- is able to outperform similar systems that
- use a stereo camera setup.

. Figure 2: 2D detections, semantic scene labeling and
- results of our 3D scene estimation
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Learning of Visual Representations

With the advance of sensor techno-
logy, machines can get a detailed record-
ing of an environment. But, there is a big
gap between those raw sensor readings
a computer can get, e.g., from a camera
to the semantic understanding a human
may get by looking at the same scene. We
need to bridge this gap in order to unfold
the full potential of applications like au-
tonomous robotics, content-based image
search, or visual assistance for the blind.

Computer vision has come a long
way by proposing representations that,
step by step, try to bridge this gap. How-
ever, despite the exciting progress, we
see a divergence of methods rather than
convergence, and we are far away from
matching the adaptivity, efficiency, and
effectiveness of the human visual system.
Therefore, we seek principled ways to
derive visual representations in learning-
based approaches in order to eventually
match or even surpass human perception.

Latent additive feature models

Inspired by models from document
processing, we have applied methods that
automatically extract topics from text to
the visual domain in order to decompose
objects and image patches into parts and
sub-structures. These models facilitate
the learning of visual representations in
a completely unsupervised fashion. This
application is facilitated by an analogy
between words in the text domain and
local gradient structures in the visual
domain. Figure 1 illustrates how the
gradient distribution of the bike on the
left is decomposed into sub-structures
on the right. We use methods that allow
us to place expectations (priors) on the
unknown variables in order to regularize
and solve this ill-conditioned learning
problem. Our experiments show that this
type of representation is very well-suited
for the task of object class recognition
and detection and can even deal better
with effects like transparency.

Most recently, we have defined a
recursive scheme that allows us to form
hierarchical representations built on the
same principle. Our studies have shown

sparsity prior

Figure 1

- the importance of holistic inference for
learning these representations, in con-

© trast to the more common feedforward
- learning approach. We are currently

- extending these representations to the

. temporal domain.

Representations across data domains

- and sensors

The rapid development of the web

- and mobile devices provides us with rich

sources of information. However, when

tapping into these, we face a large hetero-
- geneity in sensors, quality, and quantity
- of observations. It is upon good represen-
© tations to reunite those data sources on

. a common ground.

We have studied approaches for

* domain adaptation in order to bridge
- the gap between images from the web,

high quality and low quality sensors
[see figure 2]. Our investigations show

- that some of the arising problems can

be solved by metric learning approaches
so that data from the web can be more

. effectively used for recognition in the

. real-world.
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sparsity prior

Better sensors are continuously

- added to consumer electronics. 3D sen-

sors are probably the most prominent ex-

- ample right now (e.g., in mobile phones,
- gaming devices). Our investigation aims
. at understanding how 2D and 3D repre-

sentations of objects can be combined

" best in order to improve object recogni-

tion. We have successfully employed

. object size constraints and have shown
. how they can improve classification and
- detection.

Representations across rendered and
real data

There is an increasing interest in

- using rendered data for training visual

. classifiers in order to reduce the effort of
© data collection and therefore providing
more training data. Despite the strong

© progress in rendering techniques, such

synthesized images are still visually — as

- well as from a statistical point of view —
. different from real data. We have inves-

tigated this issues on the task of material

- recognition. We tap into publicly as well
- as commercially available material shad-
. ers in order to render new examples for
our training procedure. We have investi-
- gated different methods for domain ad-
- aptation and data alignment in order to

support material recognition from real

- and virtual data which result in substan-

tial improvements in recognition perfor-

mance of up to 8%.
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Bioinformatics is a key discipline for progress
in biological sciences, such as hiotechnology,
pharmacy and medicine. With computational
methods Bioinformatics deepens and accel-
erates planning highly complex biological
experiments as well as interpreting the re-

sulting very large amounts of data.

For about 20 years, bioinformatics

. has significantly contributed to progress
© in the life sciences. Therefore, the field
is a key ingredient of the revolution of

* biology. Bioinformatics methods and

- software support researchers in planning
. experiments, store data which come from
all areas of biology, and assess this data

- with computer support. With the help of
* Bioinformatics, scientists can elucidate

- the molecular processes in cells — the

© basic units of living organisms — which
form a complex system for processing

- matter, energy and information. The

- genome harbors the construction plan

- for the cell and the working plan of its

© metabolic and regulatory processes in

a complex, encoded form. In order to

- facilitate these cellular processes, parts

- of the genome must be “read off”. This

. includes the genes, which amount to the
* blueprints of proteins, the molecular
machinery of the cell. In turn, reading

© off the genes is controlled via complex

- molecular networks. For the synthesis of
: proteins, and also for their removal, there
are specific molecular complexes which
- themselves are again subject to exquisite
- molecular control. The cells convert

- energy, they communicate with cells in

. their neighborhood, they take on diffe-
rent structures and forms, and they move.
. They react to changes in their environ-

- ment, for example, pertaining to light,

© temperature and pH, and they mount

© defenses against invaders. Dysregulation
of such processes constitutes the mole-

- cular basis of disease. Drug therapy aims
- to restore a tolerable molecular balance.

For the past two decades, classical

biological research, which used to be

- concentrated on cellular sub-systems

- with limited complexity, has been com-

. plemented by high-throughput experi-
ments. The respective screening methods

- afford cell-wide capture of molecular

. data, e.g., by measuring the frequency
of all read off genes (transcription), by

© capturing the population of the proteins

used by the cell (proteome), and of their

- in-teractions (interactome). Generating
© new insight into the biology of the cell
as well as the basis of diseases and pro-
- viding new approaches to therapy in-

- volves highly complex information pro-

- cessing. Bioinformatics addresses this

. challenge. The Max Planck Institute for
Informatics performs research on many
- of the challenges mentioned above.

Bioinformatics has the hybrid cha-

© racter of a basic science which poses and
follows clear application perspectives.

© This unique quality is highlighted by a

- significant number of spin-offs of bioin-
. formatics research groups. For example,
© Professor Lengauer co-founded the com-
pany BioSolvelT GmbH, which develops
- and distributes software for drug design.
- Pharmaceutical companies all over the

: world are among the users of this soft-
ware.

The Bioinformatics Center Saar,

- whose speaker is Professor Lengauer,

. received top marks for its rescarch in
the final evaluation in 2007 of the five

- bioinformatics centers that have been

- funded by the German Research Found-
- ation (DFG) in the past decade.
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Protein Structure and Interactions

Proteins as biological machines

Proteins are biological molecules
that facilitate life’s processes: They trans-
late hereditary information, encoded in
the DNA, into one or more specific func-
tional roles in the organism. They can do
so because they are made up of a chain
of amino acids that fold into a compli-
cated three-dimensional structure, thus
translating information from 1D to 3D.
The specific way in which each protein
folds depends on the physical and chemi-
cal properties of the amino acids that
comprise it. Structural biology has ac-
cumulated extensive data on protein 3D
structures that can be analyzed using

computational methods.

If we extend the analogy described
above to mechanisms, a single protein is
not a machine, but a part of the conveyor
belt that performs an individual action
towards a common goal. That is why pro-
teins, on many occasions, assemble into
complexes to perform their task. These
complexes can be a hundred times larger
than a single protein. The prediction and
analysis of properties of protein complex-
es is one of the major tasks in structural

bioinformatics.

Structural bioinformatics of viral systems

Viruses invade cells of higher organ-
isms and use them to replicate and mul-
tiply. They are small systems, typically
containing 10-20 types of proteins. Using
this limited toolkit, they engage in a com-

plex network of interactions with the host

cell and recruit host cell proteins to rep-
licate. Viral mechanisms to copy their
gnomes are prone to error, creating varia-
tion, which allows viruses to escape very
quickly from the persistent evolutionary
pressure posed by the host immune sys-
tem and drug treatment. The amount of
data on the variations of protein sequences
in viruses, which are available from labs
and clinics, is impressive. This informa-
tion makes viral systems a unique target
for bioinformatics studies.

Protein sequences from virus
strains isolated from various patients

© provide valuable information for pa-
tient treatment, as demonstrated by the
- geno2pheno approach pioneered at our
- institute (see “Bioinformatical Support

. for HIV Therapy” by Thomas Lengauer).

Including structural information in this

analysis allows us to understand how the
- variations of the sequences impact the

- function of the protein and its interac-

© tions with partners. For example, one

© mutation in the protein’s active site can
ruin the protein’s catalytic ability, where-
- as a different mutation nearby will mere-
- ly diminish the protein’s affinity to an

- inhibitor. A mutation that is located on

© an interaction interface with a host factor
may prohibit the binding of the viral pro-
© tein to its cellular binding partner, and

- the mutated virus will not replicate.

- An integrated analysis of sequences and
- structures of viral proteins

In our work, we put sequences of

- viral proteins into structural context, and
© vice versa. We extract sequence features
characteristic of viruses with specific

© properties (e.g., drug resistance) and

- analyze structures of the corresponding

. proteins to understand the mechanism.

: We have performed an analysis of HIV
viruses that selectively bind to one of the
- two proteins (CCR5 or CXCR4) on the

Binding specificaty of
endogenous ligands
and HIV proteing
largely dafined by

charge

Charge-dependent interaction between CCR5 and
CXCR4 and their ligands or — the HIV envelope protein

- surface of the human immune cell, which
- the virus has to invade for replication.

© We modeled both viral and cellular

© proteins involved and concluded that
electrostatic charge plays a pivotal role

- in this interaction. The charge is likely

- to be conferred by the posttranslational

- glycosylation of the viral envelope pro-

© tein (attaching a sugar molecule to the
protein after it has been manufactured

- by the host cell), which in turn has major

- implications for vaccine development.

Using the wealth of data on HIV

* resistance, we have developed a method
- for the computational assessment of the
. binding strength between the HIV pro-

tease from different virus strains and its

inhibitors (drugs that bind to the protein

to block viral replication), which has the

- potential of substantially assisting the
© drug development process.
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Bioinformatical Support of HIV Therapy

Preventing and controlling viral re-

- sistance is the central goal when admin-

* istering drug therapies against viral infec-
tions. For instance, HIV exists in millions
- of variants. In order to suppress the rep-

- lication of the virus inside the body of

. the patient, combination drug therapies

© are administered. These are composed of
drugs from a base set of over two dozen

- compounds [see figure 1]. The relevant in-

- formation for selecting the drugs is the

- viral genotype, which can be identified

© from blood samples of the patient with
methods of genome sequencing. From

- the genotype one can identify the viral

- resistance phenotype with bioinformatics
- methods. There are two approaches for

© this purpose. The first consists of experts
manually composing a set of rules for de-
- riving the phenotype from the genotype.

- These rules are collected in computer-

- based expert systems which are utilized

© by the therapist. The second, more sys-
tematic approach consists of the bioinfor-
- matical derivation of the viral phenotype

- from the genotype based on a suitable

" set of clinical data about viral resistance.
© At the Max Planck Institute for Informat-
ics we are following the second approach.
- Our research over the last decade or so

- has led to the geno2pheno system, which
TS freely available over the Internet at

: www.geno2pheno.org, for treating AIDS
patients. Analyses offered on the geno2-

- pheno server have found their way into

- the European guidelines for treating

- AIDS patients with certain drugs. In

- 2010 the research on geno2pheno was

- geno2pheno server that are used in clini-
- cal routine can be regarded as virtual

© phenotypes. A virtual phenotype is a bio-
informatical, i.e. computer-based pro-

- cedure which estimates the result of a

- laboratory experiment which is informa-
- tive about the therapy of the patient and
: which therefore can be used as compan-
ion diagnostic for selecting the medica-

- tion. Here the laboratory experiment it-

- self is usually not accessible, be it that is
© too expensive, takes too much time, or

© is unavailable. Therefore the experiment
is carried out only on a limited number

- of samples within a research project, in

- order to generate a suitable data set on

- which to derive the virtual phenotype.

: Geno2pheno makes available such vir-
tual phenotypes, which can be used as

second generation of bioinformatical

- support systems for therapy selection.

- These systems not only estimate viral

© resistance against individual drugs but

© also assess the effectiveness of the ther-

© apy consisting of a combination of dif-
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ferent drugs. This analysis also entails an

. estimate of how difficult it is for the virus

. to attain resistance against the current

A class of analyses offered on the

- companion diagnostic for administering

- certain AIDS drugs.

therapy in the future. The second gener-
- ation of prediction systems is still in the
- research stage and has not yet entered

- clinical routine on a broad scale. Reasons
for this include the need for additional

- validation of these methods. Further-

- more, the accuracy of the procedures

- can be improved further, for instance by
© resorting to additional information such
as on the therapy history of the patient

- or on aspects of his or her genotype, es-
- pecially those aspects which pertain to

- the patient’s immune system. Finally,

. the predictions are not yet easy enough
to interpret. The therapist expects from
- a bioinformatical prediction method not
- only its result but also an argument as

- to why this result is plausible. Improving
© the second-generation prediction systems
is currently a focus of our research.

New sequencing methods facilitate

- the resolution of essentially the whole

In addition, geno2pheno offers a

© viral population inside the patient. On
the basis of such data, the prediction

- of therapy success can be made more

- accurate (see article “Attacking HIV from
. New Angles”, page 47 and “Analysis of

© Viral Genomes Using Next-generation
Sequencing”, page 46).
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Analysis of Viral Genomes Using Next-generation Sequencing

Research on viral infections is heav-
ily dependent on available genome se-
quences of both the virus and its human
host. These genome sequences provide
the basis for understanding the complex
molecular interplay between the patho-
gen and the patient, knowledge that is
crucial for both drug development and
therapy optimization. The advent of
next-generation sequencing technolo-
gies resulted in a dramatic drop in cost
and increase in throughput of genome
sequencing. However, the computational
and methodological difficulties regard-
ing storage, analysis, and interpretation
of the sequence data are considerable.

It has recently become clear that the
main bottleneck hindering advances in
high-throughput genomic research is not
the limited availability of patient samples
or sequencing machines, but instead the
lack of automated tools and trained bio-
informaticians able to analyze this deluge
of data.

Standardizing viral sequence analysis
with Virana

The situation is further complicated
by the fact that viral genomes differ from
the genomes of multicellular organisms
such as humans in their very high evo-
lutionary rate and intra-species diversity,
resulting in an especially complex geno-
type. These peculiarities compromise the
suitability of traditional tools and analy-
sis methods developed for the analysis of
the human genome to study infections by
viruses. We aim to fill this methodologi-
cal gap by developing “Virana”, a software
package and associated web service for
viral next-generation sequence analysis.
Virana is specifically tailored to the analy-

sis of clinical data and takes the complex

Output of the geno2pheno[hcv] web service

- viral genotype as well as the longitudinal
: character of antiviral therapies into ac-
count. Analyses performed with the

- Virana web service can be conducted

- by non-specialists and are both highly

scalable and replicable. Additionally,

- analysis workflows and results can con-
veniently be shared over the Internet,

- encouraging communication and colla-
- boration.

Sequence dynamics of the hepatitis C
- virus

At the Hospital of the University of
Frankfurt, Virana is currently employed

© in a clinical setting to model the intra-

host evolution of the hepatitis C virus.

" The characterization of the highly com-
- plex genotype of this virus is crucial for

studying novel resistance mechanisms

. that the virus evolves to escape antivi-
ral drug regimens. The unique meth-

© ods offered by Virana enable researchers
- to statistically infer genotypic markers,

such as minority sequence variants and

: genomic haplotypes, from the sequence
data. When tracked over the course of an
" infection and combined with phenotypic
- variables such as therapy success, these

- markers can be used to support further

. clinical decision-making. Results of such
analyses can then be incorporated into

© our software geno2phenolhev], a free

© Web service that aids medical doctors

by predicting drug resistance of viruses

. derived from patient samples [see figure],
. thereby translating personalized genom-
© ics into clinical practice.

Modification of the natural progression of :

chronic hepatitis B

Next-generation sequencing is also

© used to analyze the complex interaction
© of the hepatitis B virus with the host’s
immune system on the basis of the viral
- genome. The natural progression of a

- chronic hepatitis B infection consists of
- four phases. The immune-tolerant phase
and the inactive phase are characterized

by a favorable progression of the infec-

. tion, whereas patients in the immune-

- active and the reactive phases are at high
- risk of developing irreversible liver dam-
age in the medium term. Despite inten-

sive research, relatively little is known

about the determinants that cause phase
© transitions, e.g. from the inactive to the

- reactive phase. Together with our collab-
. oration partners from the university hos-
pital in Diisseldorf, we analyze the entire
- viral population within a host of multiple
- patients at several characteristic points

- in time. This will eventually provide indi-
. cators to characterize and predict phase
transitions. By these means it may be

- possible to prevent deleterious phase

© transitions in an early stage using anti-

- viral drugs, which would avoid or at least
. delay fatal progression of a chronic hepa-
titis B infection using as little medication

- as possible.
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Attacking HIV from New Angles
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According to the World Health
Organization (WHO) 34 million people
were living with an HIV infection world-
- wide in the year 2011. About 1.7 million

- died due to AIDS-related complications —

. including 230,000 children. The number
© of new HIV infections in 2011 was about
: 2.5 million according to WHO. Preven-

* tive measures are an important aspect

- of tackling these problems. There have

. been some significant breakthroughs over
© the past years in HIV vaccine research.

: For example, Walker et al. were able to

- extract broadly neutralizing antibodies

- that can neutralize many different HIV
strains from patients with strong immune
© responses. Since there is no approved
method of curing an HIV infection to

- date, a large part of HIV research is con-
- cerned with alleviating symptoms and ex-
- tending the lifespan of infected patients

- with the help of antiretroviral drugs. En-
try inhibitors are one new class of anti-

© retroviral drugs against HIV that block

- HIV entry into human cells.

. Prediction of HIV coreceptor usage from
- the genetic sequence

: Before prescribing an HIV entry in-
© hibitor it has to be determined whether
the drug is effective on the viral popula-
- tion inside the particular patient or not.
HI viruses bind to a certain protein on

- the surface of the host cell, a corecep-

© tor, in order to be able to enter the cell.

: Different viral variants can use different
- coreceptors, but the most important co-

- receptor is the CCR5 coreceptor, which
- can be blocked by an entry inhibitor.

. Therefore, only patients with viral popu-
© lations that exclusively use the CCRS5 co-
receptor can be treated with this kind of
- antiretroviral drug. To determine whether
- the virus harbored by the patient has

. this property, we follow the approach

© described in “Bioinformatical Support of
HIV Therapy”, page 45. In this applica-

* tion scenario, it is general practice to use
- a part of the sequence of the envelope

. gene of HIV called the V3 loop, since

© this part of the corresponding viral en-

Visualization of a prediction result: In addition to the improved prediction method, a new visualization method
was developed that shows which amino acids at which positions are most informative for the prediction.
Many large red letters mean that the patient should rather not use the entry inhibitor, while green letters sym-

bolize amino acids that can be found in viruses that are

ptible to the tr The above sequence is

an example of a V3 loop sequence of a virus that should not be treated with the entry inhibitor.

- velope protein is mainly responsible for

binding to the cellular coreceptor during

cell entry. In our research, we could show

how to train a statistical model that im-
proves the prediction of coreceptor usage
by the virus based on the complex data
produced by new-generation sequencers.

© The better the coreceptor usage predic-

tion model, the better recommendations
it will give about whether an entry inhibi-
tor is suitable for the patient. We were
also able to craft a statistical model that
uses the new-generation sequencing data
to improve the prediction of coreceptor
usage based on data produced by con-

- ventional sequencing machines. This is

especially important since many clinics
do not have access to the new-genera-
tion sequencing techniques. Additionally,
we could identify important positions in
the V3 loop, which are highly predictive
of coreceptor usage. This could provide
information on the mechanism of inter-
action between the V3 loop and the co-
receptor and can potentially lead to new
measures to attack HIV.

Analysis of different antibodies against

HIV

An important step towards develop-
ing a vaccine against HIV is the analysis
of the properties of antibodies that can
neutralize the virus. To evaluate the po-
tency of potential candidates, there exist
laboratory tests that elicit how well a
certain antibody can neutralize various

¢ different HIV strains. For these panels,

- several different HIV strains are used that
- are representative of the viral variation

- around the globe. Our analyses showed

. that a certain group of viral strains is less
important, clinically, and that certain an-
- tibodies are significantly less effective in
- neutralizing these strains than other anti-
- bodies. Because current antibody panels
. treat all viral strains alike, they give the
less important strains more attention

- than they should. We advocate targeting
- the antibodies to the important strains
only, which gives room for making them

: more effective on these strains. Our re-
sults can be used to improve antibody

- tests and are consequently an important
- step on the way towards developing a

universal vaccine against HIV.
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Networks and Phylogenies: Understanding Disease Spread and Evolution

Network models of disease spread

Networks, where nodes represent
individuals or groups, and edges the con-
nections between them, have become
the premier mathematical structure for
modeling disease transmission because
they capture the heterogeneity of human
contacts. The structure of the network
powerfully influences disease spread.
Different network structures can be
used, depending on the specifics of the
disease under consideration.

The small world is one common
model of social contact. This portrays
society as a collection of small groups
whose members are in close contact,
united by nodes called bridges, which
connect groups. The key to preventing
disease flow in such networks lies in
identifying the bridges along which the
disease passes from group to group. We
have found that a simple morphological
measure, the K-shell, identifies bridge
nodes critical to disease flow in small
world networks. Our work has further
shown that interventions such as vac-
cinations which target these nodes can
efficiently slow or stop the disease from
spreading through the whole network.
For example, if public facilities such as
schools and playgrounds are modeled
as nodes in such a network, the meth-
od could identify which facilities would
need to be closed to halt the spread of
an outbreak.

A second common model is the
scale-free network. This model empha-
sizes that a few nodes have a large num-
ber of connections, while most nodes
are peripheral, having only a few con-
nections. Most new or emerging diseases
enter networks from this periphery. We
have pioneered a metric of how easily an
individual node can spread an infection

- to the rest of the network, based on its

- local contact structure. Informally, our

© results show that a node’s spreading pow-
er is not based on how many connections
- it has, but rather on how many connec-

" tions its contacts have.

. Phylogenies

Many pathogens evolve rapidly

© enough that measurable genetic change
occurs on the same timescale as disease
© transmission, making phylogenies an es-
- sential tool for studying disease dynamics.

The past five years have seen a

growing application of phylodynamics

- to understand the spread of HIV. Our

- August 2012 publication in Medical

© Microbiology and Immunology, “Endoge-
© nous or Exogenous Spreading of HIV-1

in North Rhine-Westphalia, Germany”,

- showed that the HIV epidemic has strong
- endogenous roots in that region. We are

- currently reconstructing transmission

© clusters using data from the EURESIST
consortium. This data has substantial

- coverage across Europe, making this the
- largest pan-European study till date. Pre-
- liminary results show evidence for low

: geographic mixing and small intertrans-
mission intervals.

Deep sequencing technologies give

- us the ability to inspect the entire viral

© population circulating in a patient. Often,
the data includes multiple time points.

- This opens unprecedented opportuni-

- ties to understand intra-host viral evolu-
- tion. The structure of the data, however,
© violates many of the base assumptions
of traditional phylogenetic methods. We
- are actively developing appropriate tools,
- with application to the evolution of drug
" resistance in HCV.

5 Phone

Phylogenetic methods have appli-

. cations far beyond understanding rapidly
evolving pathogens; they are applied in

- all aspects of biology. Yet the methods

- and tools available are still in their in-

- fancy. Those which handle large data

. sets must ignore important subtleties.

© Bayesian methods address these subtle-
ties, but can only handle small data sets.
- A hybrid Bayesian/Maximum Likelihood
- approach, which we are developing, may
. allow rapid Bayesian estimation of large
phylogenies.

Genetic sequence similarity of HIV-1 samples from

. patients in North Rhine-Westphalia indicates several
large clusters, which implies that the epidemic has

. strong endogenous roots in the region and remains
an important concern to public health.
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Charting Epigenomes

Epigenetics is a research area

: which is at the center of worldwide at-

© tention today. The reason is that after
sequencing of the human genome just

- over 10 years ago, it became clear quite
- quickly that the central aspect of cell reg-
- ulation cannot be inferred directly from
* the genomic DNA since all cells in an
organism harbor the same genome. Cell
- regulation comprises specifically those

- aspects which are different in different

. tissues, in which healthy cells are differ-
. ent from diseased cells, and which im-

© plement central biological processes such :

© as the cellular response to stress and the
- process of aging. These aspects of cell

- regulation are implemented via the dy-

© namic organization of the genome in the
cell nucleus which, in turn, is based on

- chemical modifications of the genomic

- DNA and of the protein scaffold that

- envelops it. With techniques of molecu-
- lar biology that have been developed in
the last two decades, such modifications
. can be measured genome-wide. As a re-
- sult, their entirety, the epigenome, can

" be charted.

: Whereas each individual has only

- asingle genome, each of us has many

- epigenomes. In principle all of the around
: 200 tissue types in the human organism

: are characterized by different epigenomes.
Furthermore, the epigenomes of healthy
- cells differ from those of diseased cells.

- The knowledge of the epigenome is a pre-

- requisite of the understanding of the cell- :
© regulatory processes in the corresponding

cell type. For this reason, several years

- ago an international federation of scien-

* tists known as the International Human
- Epigenome Consortium (IHEC) was

. founded with the goal of charting at least
1000 epigenomes of human cells within
© the next five years.

The Max Planck Institute for Infor-

matics contributes to IHEC in two ways.
- First, it is a partner in the BLUEPRINT
- project of the EU, which represents the

- Buropean contribution to IHEC. This

© project with an EU funding volume of
30 million euros, the largest that ever

- went to a single project in the area of

- biology, is targeted at charting one hun-

- dred epigenomes of cells of the bloodline
© (haematopoietic cells), of healthy as well
as diseased (mostly malignant) cells.

The methylation of the DNA impacts its accessibility by the transcription machinery of the cell.

- Second, the Institute is a partner in the
© German Epigenome Program (Deutsches
Epigenom Programm, DEEP). This pro-
- ject, which is funded by the German

- Science Ministry with about 20 million
. euros comprises the German contribu-

© tion to IHEC. Within DEEP, metabolic
and immunologic diseases in particular

. are investigated, and another 70 epige-

- nomes are charted. The Max Planck

. Institute for Informatics coordinates

the bioinformatics part of DEEP.
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Software must be reliable. The most important
criterion for reliability is correctness. Nearly
as important, however, is performance:

A correct answer that is not received in time
is not helpful. The search for correctness and
performance guarantees is a cross-depart-

mental research question at the institute.

Today, computers are a ubiquitous

. part of our lives. We constantly use them,

sometimes knowingly, such as a computer

o on the desk, and sometimes unknowingly,

such as the electronic controls in a car,

- airplane, or washing machine. The more
. our lives are dependent upon hardware
and software, the more we pose the

- question whether the trust that we place
*in these products is justified. The answer
- to this question is especially difficult and
. complex as software is not robust. A sin-
gle change in a program, a minor error in
- one line of a program with several hun-

- dred thousand lines of code, or a small

- change in the processor’s calculations

© can cause the overall program to crash

or to deliver wrong results. Another com-
" mon error is ignoring rare but possible

- inputs, with the result that software sud-
. denly generates a false result after having
© worked reliably for years. The granting of
guarantees is even more complex when
 we examine not only a single program,

- but a system of programs, in which parts
. work independently but also react to each
other while pursuing different goals.

In the article “Dealing with Selfish-

- ness in Optimization”, page 56, the latter

situation is investigated. We take, for

example, our current internet providers

- who have committed, on the one hand,

- to forwarding all Internet traffic, although
- they would ideally prioritize the data trans-
© fer of well-paying customers in order to
optimize profit.

Guarantees of geometric calcula-

. tions are especially important today as

© nearly every larger machine, such as an
airplane, for example, is designed on a

* computer. It would be undesirable if a

- calculation error caused, for example, the
© rudder of an airplane to become jammed
during its service life. The article “Exact

Solving of Polynomial Systems and Appli-

- cations in Geometric Computing”, page

52, shows what is needed for accurate

. calculations in a geometric context.

In order to provide guarantees of

- programs in general, deductive methods
- must be used that enable the desired

© properties to be derived from a program
in the form of proofs. Automatic verifi-

. cation procedures are required for this,
- which are discussed in the article “Auto-
. mated Deduction”, page 53, as are tech-
© niques to properly divide and conquer
resulting proof obligations, in particular,
- from theories such as arithmetic.

- This aspect is discussed in the article

“Quantifier Elimination — Statements Can

Also Be Calculated”, page 57. A targeted
- application of proof methods for verifying
© the answers of algorithms is described

- in the article ,How to Trust the Output

. of Your Program", page 54. Ultimately,

it is not yet possible to give all desired

. guarantees of an arbitrary complex pro-
- gram with perfect precision and within

- an acceptable time period. In such a

© case, it makes sense to use procedures
based on model assumptions, as is pre-

sented in the article “Model Checking

for Hybrid Systems”, page 55.
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Exact Solving of Polynomial Systems and Applications in

Geometric Computing

Solving systems of polynomial equa-
tions poses a fundamental problem of
algorithmic mathematics. For m given
polynomials in 7 variables, all points in
n-dimensional space should be found
such that all of the polynomials simul-
taneously take on the value 0. Such sys-
tems of equations occur in nearly all
areas of mathematics, physics, and engi-
neering. The research group “Computer
Algebra and Geometric Computing” pri-
marily investigates such systems as they
typically arise from geometric problems.
Most algorithms from computational ge-
ometry or computer-aided design require
such exact calculations with geometric
objects. For example, one might wish to
find the intersection points of two curves,
or to determine whether multiple curves
intersect at the same point. Such prob-
lems normally lead to a low-dimensional
system of equations, in which some of
the polynomials may be of high degree.
A common solution method from com-
puter algebra is the implicit projection
of all of the solutions onto a line. By us-
ing algebraic transformations, one then
finds a so-called elimination polynomial,
whose zeroes are exactly the projections
of the solutions of the system. In many
cases, the general problem can thus be
reduced to the special case m=n=1.

In comparison to pure numeric
methods, as are almost exclusively ap-
plied in industrial software packages, the
above-described approach allows the de-
velopment of complete and exact meth-
ods. This means that even for particularly
difficult inputs, all solutions are found
and are provable as such. Unfortunately,
there are also downsides: the symbolic
transformations generally lead to a very
high computational demand, even if the
solutions are of a relatively simple geo-
metric nature (for example, solutions that
are simple or well separated from one an-
other). This maladaptive behavior results
from the fact that the underlying algebra
is “ignorant” with respect to such simpler
situations. A further problem of the pro-
jection approach is that the correspond-
ing elimination polynomial exhibits high
complexity, which makes finding its
zeroes difficult.

B(nL) vs. Oflog(nL))

number of iterations:

O(nL) vs. Ofnlog (L)) |

In previous years, the research

- group has developed methods to consid-
. erably improve the efficiency of elimina-

tion procedures. An essential goal is al-

ways to replace unnecessary symbolic

* computations with certified numeric

- ones, however, without sacrificing exact-
© ness or completeness. In addition, we

: develop efficient methods to carry out

the remaining, and also necessary, sym-

* bolic steps. For the computation of the
- elimination polynomial for bivariate sys-

tems, as well as that of the greatest com-

© mon divisor of polynomials, we have de-
veloped a new algorithm, whose imple-

- mentation on graphics hardware takes

- greatest advantage of the parallelizability
- of the method. In comparison to the

© fastest competing implementations, the

. aforementioned computations can thus

be speeded up by a hundredfold.

Through the combination of results

© from different areas, such as computer
algebra, numerical mathematics and al-
- gebraic geometry, we have also succeed-
- ed in developing procedures that require
- only those symbolic calculations which
© can be delegated to graphics hardware.

.

large number of bisection steps

VB,
Newton iteration + bisection

Combination of the Descartes
method (linear convergence)
and Newton’s iteration
(quadratic convergence)
produces a simple and
nearly optimal process for
the determination of the real
zeroes of a polynomial.

- cluster of two
noarby roots

- Thus, with regard to speed, we were
. able to catch up to numerical methods
: — which deliver no additional guaran-

tees — for the first time. In parallel, we

- also were able to prove the theoretical
- efficiency of our algorithms. The corre-

sponding bounds on the number of steps

- needed to find the solution improve on

the best previously known bounds by

- multiple orders of magnitude. Based on
- present knowledge, there is evidence

that these are actually nearly optimal
[see figure].

We also succeeded in finding a
similar breakthrough for the classical
special case where m=n=1. In the 80s

and 90s, complex algorithms were first
. developed to find the zeroes of a polyno-
- mial in nearly optimal (theoretical) run-
- time. However, the practical relevance

© of these procedures has so far not been
confirmed. Taking a different approach,
- we were able to modify a simple, and

- in practice very efficient, process such

. that it could compete with the optimal
. methods, even in terms of theoretical
complexity.
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Automated Deduction

In order to guarantee that a piece of
hardware or software is working correctly,
it must be verified — i.e., its correctness
must be proven formally. Proving correct-
ness means that one has to check wheth-
er certain properties of the system follow
from other properties of the system that
are already known. The question of how
to use computer programs for such proof
tasks has been an important research
topic for many decades. Ever since the
fundamental theoretic results of Godel
and Turing at the beginning of the twen-
tieth century, it has been known that not
everything that is true in a mathematical
sense is actually provable, and that not
everything that is provable is automatically
. provable. Correspondingly, deduction
: systems differ significantly in their ex-

. pressiveness and properties. For example,
- decision procedures are specialized for a
certain type of data (e.g., real numbers)
and are guaranteed to detect the correct-
ness or incorrectness of a statement with-
in this area. Automatic theorem provers
for so-called first-order logic can handle
any data types defined in a program. For
such provers, it is guaranteed only that a
proof will be found if one exists; if none
exists, the prover may continue search-
ing without success, possibly forever.
Even more complicated problems can

© be handled using interactive provers;

* these provers, however, only work with
user assistance and without any guaran-
tee of completeness.

How does a theorem prover for
first-order logic work? It is not difficult
to write a program that correctly derives
new formulas from given formulas. A
logically correct derivation is, however,
not necessarily a useful derivation. For
example, if we convert 2 -a + 3 -a to
2-a+3-a+0andthento2-a+3-a+
0 + 0, we do not make any computation
errors, but we are not getting any closer
to our goal either. The actual challenge
is thus to find the few useful derivations

among infinitely many correct deriva-
tions. The first step in this direction is
easy: Obviousy it is a good idea to apply
equations in such a way that the result is
simplified, e.g., “x + 0 = x" only from left
to right and not the other way round.

x+0 = x
x+(-x) =0
-z

X
y-z Yy

complicated — simple

Application of equations

However, this approach is not al-
ways sufficient. A typical example is frac-
tional arithmetic: We all know that it is
occasionally necessary to expand a frac-
tion before we can continue calculat-
ing with it. Expansion, however, causes
exactly what we are actually trying to
avoid: The equation “(x-z)/(y-z) =x/y”
is applied from right to left — a simple
expression is converted into a more com-

1[0:Inp] || ~-> F(U,skf6(U))=.
3[0:Inp] || equal(U,V) -> F(U,skf8(V))=*.
2[0:Inp] || F(U,skf8(V))* =-> equal(U,V).

4[0:Inp] Il F(U,V)* F(U,skcl)* -> F(skf5(V),V)=*.

- plicated one. The superposition calculus

developed by Bachmair and Ganzinger
in 1990 offers a way out of this dilemma.
On the one hand, it performs calcula-
tions in a forward direction; on the other

hand, it systematically identifies and re-

- pairs the possible problematic cases in

a set of formulas where backward com-

putation could be inevitable. Superposi-

tion is thus the foundation of almost all
theorem provers for first-order logic with
equality, including the SPASS theorem

prover that we have developed at the In-

stitute.

In our research group, we currently
focus on refining the general superposi-
tion method for special applications. For
instance, we are developing techniques
for combining the capabilities of various

- proof procedures (for instance, super-
: position and arithmetic decision proce-

dures). We are addressing the question
of how superposition can be used for

business applications (product configu-

ration, authorization checking). We also
use superposition to verify network proto-
cols and to analyze probabilistic systems,
i.e., systems whose behavior is partially
dependent on random decisions

S[0:Inp] || F(U,skf6(V))* —> F(V,skcl) F(skf7(U,W),U)=.

6[0:Inp] || F(U,skf6(V)) -> F(V,skecl) F(skf7(U,V),skf6(V)})=.

Tl0:Inp]l || F(U, V)= F(W,V) F(U,skcl)* F(W,ski5(V))» -> .

Derived: 8[0:Res:3.1,2.0] || equal(U,V)* -> equal(U,V).

Derived: 10[0:Res:3.1,4.0] || equal(U,V)* F(U,skcl)* -> F(skf5(skf8(V)),skf8(V))=*.
Derived: 9[0:Res:1.0,4.0] || F(U,skcl) -> F(skf5(skf6(U)),skf6(U))=*.

Derived: 11[0:Res:1.0,5.0] ||

=> F(U,skcl) F(skf7(U,V),U)=.

Derived: 14[0:Res:11.1,4.0] || F{skf7(U,V),skec1)* -> F(U,skel) F(skf5(U),U)+.

Derived: 13[0:Res:11.1,2.0] ||
Derived: 12[0:Res:11.1,5.0] ||

=> F(skf8(U),skcl) equal(skf7(skf8(U),V),U)==,
=> F(skf6(U),skcl) F(U,skcl) F(skf7(skf7(skf6(U),V),

Derived: 16[0:Res:9.1,4.0] || F(U,skcl) F(skf5(skf6(U)),skecl) -> F(skf5(skf6(U)),skf
Derived: 15[0:Res:9.1,5.0] || F(U,skecl) -> F(U,skcl) F(skf7(skf5(skf6(U)),V},skf5(sk

Derived: 18[0:SpR:13.1,13.1] ||
Derived: 17[0:SpR:13.1,11.1] 1|

-> F(skf8(U),skcl)* F(skf8(U),skcl)* equal(U,U).
-> F(skf8(U),skcl)* F(skf8(U),skcl)* F(U,skf8(U))=.

Derived: 22[0:Res:19.1,4.0] || F(U,skcl) => F(skf8(U),skcl) F(skf5(skf8(U)),skf8(U))

Derived: 21[0:Res:19.1,2.0] ||
Derived: 1193[2:MRR:1192.0,1192.1,1.0,1180.0]

Output of an automatic theorem prover

-> F(skf8(U),skcl)* equal(U,U).

et =
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How to Trust the Output of Your Program

Transferring an algorithm (i.e. a
solution procedure to computer code is
difficult and error prone. For that reason,
the code may contain many mistakes,
and subtle errors can be very hard to
find. For example, the planarity test in
LEDA contained an error that was only
discovered after years of intensive use.

The field of Software Engineering
has developed many tools to improve
the quality of code. A standard practice,
for example, is testing. This requires a
diverse set of inputs with known solu-
tions. Often this is hard to come by, as,
intuitively, the program wouldn't be
needed if finding the correct answers for
example inputs were easy.

Certifying algorithms approach the
problem from a different angle. Instead
of trying to improve the quality of imple-
mentations, certifying algorithms improve
the methods to solve the problem such
that the implementation is easier to check
for correctness. This is achieved by en-
hancing the algorithms to provide a cer-
tificate that proves that their answer is
correct; i.e., the algorithm does not pro-
vide only a bare yes-or-no answer to the
question, but also gives a reason for this
answer. The certificate is structured such
that a much simpler program, the check-
er, can verily its correctness. Only the
checker needs to be carefully examined
for correctness.

An important goal of certifying al-
gorithms is to find certificates that are so
simple that the checker can be formally
verified, that is, one can give a mathe-
matical proof that the code is correct.
Formal verification, unlike mere testing,
guarantees the absence of errors, but is
impractical for most real-world programs.
Through certifying algorithms we can use
this powerful technique to prove that our
algorithm’s answers are always correct if
the checker agrees with them.

Developing certifying algorithms
is a major goal for problems where the
fastest solutions known are complicated.
Having a certifying algorithm for such a
problem allows verifying the output of

. A construction

(a) Ky = b
Gy = smooth(Sy) Gs = smooth(Ss)

ofa3

d graph G

q

- every instance, regardless of how compli-
- cated the computation of this output is.

For this reason, certifying algorithms are

- now used in software libraries like LEDA

for reliability purposes.

Current research problems

Prominent examples of problems

- whose fastest known solutions are com-

- plicated include testing a graph for 3-con-
© nectivity and for 3-edge-connectivity.
These problems are important for vari-

- ous applications. Although linear-time

solutions for these problems have been

- known for decades, none of them de-

scribe an easy-to-verify certificate.

A natural certificate to prove 3-

© connectivity is a so-called construction
- sequence. For a 3-connected graph G,
. a comstruction sequence is a sequence
. of operations that constructs G, when

- applied to K.

We proposed the first linear-time

. certifying algorithm for testing a graph
for 3-connectivity. The algorithm has

- been implemented and made publicly

- available. By using a well-known reduc-

(c)
Ge = smooth(Sg)

tion from edge-connectivity to vertex-

© connectivity, we can obtain a linear-time
. certifying algorithm for 3-edge-connec-

tivity.

A current research problem is to

: find a direct certificate for 3-edge-con-
nectivity. Future open questions include
- finding certificates for k-connectivity or
- k-edge-connectivity for k> 4.

Verification of Checkers

We developed a framework for veri-

© fying checkers. This guarantees instance
. correctness of all certifying algorithms
- whose certificates can be checked by

this framework. We applied the frame-

- work to several examples from the LEDA
- library in the field of graph theory. Cur-
rently, we are evaluating alternative tools
- for the verification framework and com-
- paring the results in terms of trust and

- effort needed.
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Model Checking for Hybrid Systems

The behavior of many technical

- devices can be described by specifying

. their states and state transitions. A wash-
ing machine can, for example, be in the

- starting state “door open, drum empty,

- machine turned off” or the state “wash-

. ing.” State transitions are changes from

© one state to another. These can take
place automatically, such as the change

" between washing and drainage, or

- through other actions, for example when

- a button is pressed. There are, however,

© possible states that are obviously un-
desirable, for example: “water inlet open,
- door open.” If we want to verify that the
 machine is safe, then we must show that
there is no sequence of state transitions

: leading from the starting state to such
an unsafe state.

How can this problem be approached?
* We can describe states and state transitions
© using graphs. To this end, we symbolize
each state by a circle and each possible

. state transition by an arrow. The result

- may look as follows:

Example

: Let us assume that A is the starting
- state and L is unsafe. What are the pre-
- decessor states of L, i.c., the states from
- which an arrow points to L?> Obviously,
there is only one such state: K. K is thus

also unsafe, since if K can be reached,
then L can be reached from there. K's

. predecessor states, namely G and ], are

unsafe for the same reason. If we take a
look at the predecessor states of G and |
(namely L and G), we can see that these
are already known to be unsafe. This
means that there is no way of reaching
the state set {G, J, K, L} from outside.

Non-safe states

It is therefore clear that {G, |, K, L}
are the only states that are unsafe per
se, or from which an unsafe state can be
reached. All other states, in particular
the starting state A, are safe. This tech-
nique for verifying the safety of a system
is known as model checking.

Unfortunately, the number of states
can quickly lead to problems in practice.
Imagine that the behavior of an electronic
device depends on 60 bits (by,..., bgp),
i.e., 60 components that can each have
the value of true or false. Now, 60 bits
are not many, but if all the possible
combinations are taken into account, we
arrive at 2 states, more than one quin-
tillion. Symbolic model checking offers a
way out here: We no longer enumerate
the unsafe states and permissible state
transitions explicitly, but we represent

- them symbolically using logical formulas.

For example, the formula

bs and not b3,

- describes all states for which bs is true

. and by, is false — this is a quarter of a

© quintillion states, which would otherwise
have to be enumerated explicitly.

A new problem emerges if we try

- to verify the safety of a vehicle control

© system in this way. Such a control system
is a hybrid system. This means that one
© is no longer dealing solely with discrete

- state changes (e.g., acceleration or brak-
. ing), but also with variables such as

© speed, which can change continuously.
The state formulae must therefore also

- include numerical variables, for example:

- bs and not by, and (x, > 50).

Discrete state transitions can still

be computed in the same way as for

- purely discrete systems. What about the
‘' continuous state transitions? As long as
- the dynamic behavior is simple from a
mathematical point of view (e.g., if the

- speed changes uniformly), one can use

- a method known as quantifier elimina-

- tion. Certain technical tricks are needed,
: however, to prevent arriving at too large
a formula too quickly. In our work group,
- we are currently focusing on develop-

- ing methods that can be applied even to
- more complicated dynamic behaviors.
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Dealing with Selfishness in Optimization

In my research, I focus on optimi-
zation problems that involve selfishness
in some way. This usually takes the form
of selfish agents holding part of the input
data and having the option of misrepre-
senting their data if this is to their own
benefit. A prime example of this is given
by scheduling problems where the ma-
chines are controlled by selfish agents,
where only each agent knows how fast
their machine is. The agents are only in-
terested in maximizing their own utility,
which may be quite different from the
overall optimization goal. Our goal in al-
gorithmic mechanism design is to design
mechanisms that ensure that reporting
their speeds truthfully is a dominant
strategy for the agents. Only in this way
can we hope to discover the true speeds
and optimize the overall objective func-
tion successfully.

A mechanism collects bids from the
agents that are hopefully true representa-
tions of their speeds, allocates jobs to the
machines and pays the agents for their
work. The utility of an agent is the pay-
out that it receives from the mechanism
minus the cost that it has for processing
the jobs assigned to it. This cost is also
known as the load on its machine, and
is equal to the total size of the jobs allo-
cated to it divided by its speed. A strategy
(reported speed) of an agent is dominant
if this strategy maximizes the utility of this
agent regardless of the strategies chosen
by the other agents. If telling the truth is
a dominant strategy for every agent, we
say that our mechanism is truthful.

It is known that in order to get a

- truthful mechanism, a necessary and suf-
. ficient condition is that the job allocation
of the mechanism be monotone. Mono-

. tone means that if one agent decreases

- its claimed speed, the total size of the

- jobs assigned to it by the mechanism

© as a result may not increase. The set of
assigned jobs does not necessarily have

to remain the same, however.

Many objective functions for
scheduling have been considered in the

o past, both in a classical setting (with-
- out agents) and in the game-theoretical

setting described above. Many of these

- are some function of the loads of the

. machines, for example, the makespan

(maximum load). Together with Leah
Epstein and Asaf Levin, I have recently

- designed a unified monotone approxima-

tion scheme for all known objective func-
tions that are functions of the loads, like
the makespan, the cover (where the goal

- is to maximize the minimum load), and

the p-norm of the loads. An approxima-

- tion scheme is a family of approximation
- algorithms that, in addition to the given
machines and jobs, takes a positive value
- epsilon as input and produces an output
- for which the value of the objective func-

tion is within one plus epsilon of the op-
timal value for these jobs and machines.

. This improves and generalizes on previ-
- ous approximation schemes, which de-
- pended on randomization, required many

special cases and a difficult analysis, or

: were only quasi-polynomial-time.

In addition to algorithmic mecha-

: nism design, I am also interested in the
© related question of how bad selfishness
is, or put another way, by how much we
- could improve the performance of a sys-
- tem using centralized coordination com-
© pared to letting every participant make

their own decisions. A well-known exam-

ple of a system where everybody makes

their own decisions is routing: when you

- plan your route to work in the morning,
© you are generally only interested in your
. own travel time and do not care about

the travel times of the other people on
the road. We formalize such systems as

- networks with selfish agents. Every agent
- has a starting point and a destination,

© and wants to reach its destination as fast
as possible. How long this takes depends
- on how many other agents use the same
- links as this agent. Much is known about

selfish routing on general graphs, but the

© ring structure has not yet been studied
. in much detail (though some initial re-

sults have been obtained). This structure

- is very relevant, however, as the Internet
- in Europe in fact consists of interlocking
© rings (e.g. the German network is based
on a ring). Together with Xujin Chen,

Benjamin Doerr, Xiaodong Hu, Weidong
Ma, and Carola Winzen, I have shown
that on rings, at most a factor of two can

© be gained by having a central coordinator,
- if the goal is to minimize the maximum
- latency of any player.
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Quantifier Elimination — Statements Can Also Be Calculated

The understanding of computing

: on computers has historically evolved

© in several steps. In the early days of elec-
tronic computing equipment, in addition
. to dealing with large amounts of data, the
- numerical processing of numbers was

- in the foreground. The development of

: computer algebra since the mid 1960s
expanded this to computation with sym-
* bolic expressions: A simple example is

- the calculation of (x—1) - (x+2) +2 with
- the result of x2 + x. That computational

: work has indeed been performed here,
becomes clear, among other things, by

- the fact that the evaluation of the origi-

- nal expression for a concrete x requires

* double the amount of arithmetic opera-

© tions as that of the result. On this basis
it became possible, e.g., to automatically
- derive real functions or even calculate

- indefinite integrals automatically.

In mathematics, symbolic expres-
sions typically appear in complex state-

- ments which can quantify some of the

- occurring symbols, as for example the
following statement about real numbers:
For all x there is ay, such that

X2+ xy+b>0undx +ay?+ b <0. What
- can it possibly mean to “compute” such

- a statement? Whether our statement is

" true or not depends on the selection of

. aand b . We therefore determine the
possible choices of a and b for which the
- statement is true. The result can be re-

- phrased as a statement which no longer

- contains any kind of quantification: a < 0
© and b > 0. Here again, significant compu-
tational work has been performed: based
- on the result, in contrast to the original

- formulation, one can determine with

* minimal effort for concrete choices of a

. and b whether our considered statement
is true or not.

Statements about real numbers

. which contain arithmetic operations,

comparisons, logical operations and quan-
tification, as in our example, can always
be computed in such a way that the result
does not contain any quantification. In
the special case where all symbols in a
statement are quantified, the result con-
tains no symbols at all; it is then either
0=0 (“true”) or 1 =0 (“false”).

Let us consider e.g. a sequence
of real numbers as follows: The first
two elements x; and x, are arbitrary. All
others are created according to the rule

Xp+2 = |xn+l |*Xn~ If we start With, say,

1, 2, then we subsequently obtain 1,

©~1,0,1,1,0,-1, 1, 2, and we observe

that the sequence repeats after the first
nine items. This fact can be formulated
as a “for all” statement about x1, ..., x11.

From this, our method computes 0=0.

© This way we automatically prove that for
. arbitrary starting values the sequence will

repeat after the first nine items.

If we consider statements about in-
tegral instead of real numbers, then there
can be no corresponding software; and
this is mathematically provable. In this
sense, the methods discussed here bor-
der on what is mathematically possible.
In addition to integral and real numbers,
there are many other domains in the
natural sciences which are researched at
the Institute in terms of such methods.

- This even includes domains in which

. symbols not only stand for numbers,

© but also for functions. Corresponding
statements can contain arithmetic and
- derivatives.

This theoretical research is practi-

© cally implemented in the software system

Redlog, which is globally considered as a

powerful and efficient computational tool
- by numerous scientists. The computation
- time for our above proof about the num-

© ber sequence is only approximately 0.07
seconds with Redlog.

A recent application of Redlog this

- year was the analysis of an automatic

: speed control for cars. Thereby, speed

is automatically regulated in such a way

. that a collision with a preceding vehicle

- is impossible. Redlog computed starting

- speeds at which the control can be safely
- transferred to the system.

Other interesting applications are

- in the field of the analysis of complex

. systems in natural sciences, for example
© electrical networks in physics, reaction
systems in chemistry or gene-regulatory
- networks in biology.

. CONTACT

- Thomas Sturm
RG.1 Automation of Logic

+49 681 9325-2920
Email sturm@mpi-inf.mpg.de

Phone

57



58

Digital information has changed our society,
economy, work in science, and everyday life.
Modern search engines deliver useful infor-
mation for nearly every question, and the
Internet has the potential to be the world's
most comprehensive knowledge base.
However, knowledge structures in the Inter-
net are amorphous, and search engines rarely
have precise answers to expert questions for
which users would consult reference books
and expert literature. A great challenge and
research opportunity lies in making the leap
from processing raw information to computer-

aided intelligent use of digital knowledge.

In parallel to this aim for a quantum

. leap, we observe a complexity explosion
- in digital information along several dimen-

sions: quantity, structural variety, multi-

- modality, digital history, and distribution.

- m In addition to more than 20 billion web
. pages, important information sources are:
- online news streams, blogs, tweets and

social networks with several hundred

- million users, Web2.0 communities for
photos, music, books, scientific topics,
and last but not least the encyclopedia

- Wikipedia. The total volume of this data
- is in the order of exabytes: 10'® of bytes —
- more than one million terabyte disks.

. m There is an increasing amount of

" more expressive data representations:

- XML documents, RSS feeds, semantic-
. ally connected RDF graphs, and much
© more. The richer structure and hetero-
geneity of the data increases the com-

* plexity of mastering this digital variety.

. m In addition to text-oriented and struc-
tured data, we are also experiencing an

- explosion of multimodal information:

- billions of people are becoming data

- producers in the web by sharing images,
: videos, and sound recordings with the
rest of the world. This is often accompa-
- nied by interpersonal contacts that arise
- from the Internet, and large online net-

. works are organized.

: m The history of digital information — for
- example earlier versions of our institute’s

web pages, which are partly conserved in

- the Internet Archive — is a potential gold
. mine for in-depth analyses along the time
- dimension. Sociologists and political

scientists, but also media and market

- analysts as well as experts in intellectual
© property, can profit from this.

- m The quantity and variety of the avail-

. able information in the Internet has grown
to such a scale that search engines are

- no longer able to maintain all relevant

. references in a centralized index. There-
- fore, global information search necessi-

© tates distributed algorithms, in which,
for example, many local search engines

- are dynamically coupled for specific

- tasks. Here, not only local computing

- and search speed play an important role,
© but also communication efficiency in
the network of networks, the Internet,

. and in embedded peer-to-peer networks.

This global issue is examined from

© various perspectives at the Max Planck

Institute for Informatics. These include

- work on efficient search in semistruc-

- tured XML documents, which play a big
© role in digital libraries and e-science data.
Another research area is the scalable

* management of graph-structured RDF

- data which arises in the context of the

semantic web but is also important as

data representation in computational

- biology. In other projects, the user-centric
- view of Web 2.0 communities and multi-
- modal data are the primary issues. The

© great vision of making the quantum leap
towards knowledge search and discovery
- is pursued in work on automatic knowl-

- edge extraction from web sources such

- as Wikipedia. The Max Planck Institute
© for Informatics is a world-wide leader in
this important research direction.
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Search and Mining in Web Archives

The World Wide Web evolves con-
stantly, and every day contents are added
and removed. Some of the new contents
are published first and exclusively on the
Web and reflect current events. In recent
years, there has been a growing aware-
ness that such born-digital contents are
part of our cultural heritage and there-
fore worth preserving. National libraries
and organizations such as the Internet
Archive [http://www.archive.org] have taken
over this task. Other contents were pub-
lished a long time ago and are now, thanks
to improved digitization techniques, for
the first time available to a wide public
via the Web. Consider, as one concrete
example, the archive of the British news-
paper The Times that contains articles
published from as early as 1785.

Our current research focuses on
scalable search and mining techniques
for such web archives. Improved search
techniques, on the one hand, make it
easier for users to access web archives.
Mining techniques, on the other hand,
help to gain insights about the evolution
of language or popular topics. In the
following, we describe three aspects of
our current work.

Time travel in web archives

Existing search techniques ignore
the time dimension inherent to web ar-
chives. For instance, it is not possible to
restrict a search, so that only documents
are retrieved that existed at a specified
time in the past.

In our work, we consider time-travel
keyword queries that combine a keyword
query (e.g., “bundestag election projection”)
with a temporal context such as September
2009. For this specific query, only relevant
documents that discuss election projec-
tions and which existed back in Septem-
ber 2009 should be retrieved as results.

Our approach builds on an inverted
index that keeps a list of occurrences for
every word. Depending on the type of
query that has to be supported, the in-

. verted index remembers an identifier,

how often the word occurs, or the exact
positions at which the word can be found

in the document for every document in

© which a word occurs. We extend this

information by a valid-time interval to
also keep track of when a word was con-
tained in a document and thus to enable

time-travel queries.

Consecutive versions of the same
document tend to differ only slightly.

- We exploit this observation to reduce in-

dex size drastically. To process time-travel
queries more efficiently, we keep multiple
lists for every word in the inverted index,
each of which is responsible for a specific
time interval. This introduces redundancy
to the index, increases its size, and thus
leads to a trade-off between index size
and query-processing performance. Our
approach casts this trade-off into optimi-
zation problems that can be solved effi-
ciently and determine the lists to be kept
for every word in the inverted index.

Temporal information needs

Information needs often have a
temporal dimension, as expressed by a
temporal phrase contained in the user’s
query and are best satisfied by documents
that refer to a particular time. Existing
retrieval models fail for such temporal in-
formation needs. For the query “german

- painters 15th century”, a document with

detailed information about the life and

work of Albrecht Durer (e.g., mention-

ing 1471 as his year of birth) would not
necessarily be considered relevant. This
is because existing methods are unaware
of the semantics inherent to temporal
expressions and thus do not know that
1471 refers to a year in the 15th century.

To capture their semantics, we
formally represent temporal expressions
as time intervals. We then integrate them
into a retrieval approach based on statis-
tical language models that has been shown
to improve result quality for temporal in-
formation needs.

Mining of characteristic phrases

Mining of web archives is another
aspect of our current work. More pre-
cisely, we are interested in insights about
ad-hoc subsets of the web archive, for
instance, all documents that deal with

Olympics. Given such an ad-hoc subset,

. we can identify persons, locations, or in

general, phrases that are characteristic
for documents published in a particu-
lar year. In our Olympics example, these
could include Michael Phelps, Beijing
and “bird's nest” for documents published
in 2008.

To identify such characteristic
phrases efficiently, one needs frequency
statistics for so-called n-grams (i.e.,
sequences of one or more words). We
develop efficient and scalable techniques
to compute these n-grams statistics in

- a distributed environment. One design

objective here is to allow for easy scale-
out in order to keep up with the growth
of web archives in the future.
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Big Data: Scalable Analysis of Very Large Datasets

The technical capabilities for data
collection as well as the number of avail-
able data sources have increased tremen-
dously in recent years, imposing new,
unprecedented challenges to information
management. The development of the

- Web 2.0 and social networks, the ubiquity

of mobile devices and sensor networks,

as well as advances in gathering scientific

- data contribute significantly to this de-

- velopment. The resulting flood of data

. is difficult, if not impossible, to manage
using traditional tools for data manage-
ment such as relational databases. On
the one hand, the sheer size of the data
requires massively-parallel processing
using hundreds or thousands of comput-
ers. On the other hand, novel methods
for data analysis are necessary to extract
useful information from the raw data.

At Max Planck Institute for Infor-
matics, we develop efficient, highly
scalable methods and systems for the
statistical analysis of such big datasets.
For example, internet companies such as
© Amazon, Google, or Netflix provide their
© users personalized recommendations
for products, websites, news, movies, or
images. From a user’s point a view, such
- personalized recommendations enable
targeted exploration of potentially inter-
esting items; from a provider’s point of
view, customer satisfaction and loyalty
increase. The American movie rental
company Netflix, for instance, allows its
more than 20 million customers to rate
movies using a 5-star system. The so-
obtained ratings are used to individually
recommend new, not-yet-seen movies to
users. Modern recommender systems are
based on an approach called “collabora-
tive filtering’”, i.e., the behavior of many

users and user groups is analyzed in order :

to create recommendations for each in-
dividual user. The key challenges that
recommender systems need to solve are
(1) the modeling and prediction of user
interests, and (2) the creation of inter-
esting recommendations on the basis of
these predictions.

Figure 1: An incomplete matrix

A successful technique for predic-
tion, which is also used by Netflix in
production, models the available movie
ratings in the form of an incomplete
matrix and subsequently tries to “com-
plete” this matrix. Every row of the ma-
trix corresponds to a user, every column
to a movie, and every entry to a rating
of the respective movie by the respec-
tive user. Figure 1 shows such an incom-
plete matrix; here black dots correspond
to unknown ratings. We have developed
parallel algorithms that can complete in-
complete matrices with millions of users,
millions of movies, and billions of entries
in a couple of minutes. Every entry of the
output matrix corresponds to a predicted
rating. Figure 2 shows a completed ma-
trix computed using our methods.

One option to create recommenda-
tions for each user is to simply recom-
mend the movies with the highest pre-
dicted ratings. In practice, however, it
is important that recommendations are
diverse, i.e., that each user’'s recommen-

dations consist of sufficiently different

Figure 2: Completed matrix

movies (e.g., different genres or different
directors). The availability of licenses or

© physical media is also important: If a user

accepts a recommendation, then this re-
commendation should be delivered as
fast as possible. Our techniques allow
efficient, high-quality personalized re-
commendations that respect constraints
such as the ones above.

Apart from personalized recommen-
dations, our group works on methods for
interactive exploration of large document
collections, for the analysis and automat-
ed extraction of knowle dge from natural
language text, and for pattern mining
and logical reasoning on the resulting
knowledge bases.
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AIDA: Resolving the Name Ambiguity

Have you ever googled for your own
name to find out what the Web knows
about you? Chances are that you're not
the only person with your name. The
right Web pages are buried among others,
unless you are very famous indeed! This
is of course not the only scenario where
ambiguity makes life difficult. When we
read our daily news, most of the names
mentioned are ambiguous. As a human
being, we deal with ambiguity without
thinking; the right meaning seems obvi-
ous to us. Only in the most difficult cases
— take for example the sentence “Bush
was a US president”. — we notice it. With-
out further information we cannot know
if “Bush” means George H. W. Bush (the
41st president) or his son George W.
Bush (the 43rd president).

The knowledge which person (or
organization, or place, or film, song, etc.)
is mentioned where on the Web, or in-
deed in any given text, is very useful for a
multitude of applications. Where previ-
ously search engines could only look for
a string of characters, now they can actu-
ally understand what exactly the user is
looking for, giving much more precise re-
sults. Knowledge about the real meaning
allows you to actually specify that you are
looking for the rock group called “Bush”
and not a US president. Or imagine a
researcher looking for differences in the
media reception of Bush Sr. and Bush Jr.
She can easily get all articles and how
often they were mentioned in each of
them without having to look at a single
one with her own eyes.

Our AIDA disambiguation system
resolves the ambiguity by linking names
in text to a canonical entity representa-
tion in a knowledge base, for example
YAGO. YAGO contains nearly 10 million
unique entities, among them nearly 1
million persons, but it also contains loca-
tions, organizations, products and events
— see the YAGO article in this report for
more details. The disambiguation pro-
cess consists of different pieces of data
and directives, each of which gives addi-
tional clues as to which entity is actually
referred to in the text. Combining all of
them in the right manner identifies the
correct entity.

The most important insights for a

- correct disambiguation are the follow-
. ing. The name probably refers to the
© most prominent entity. When the name

“Paris” is found in a text it generally refers

- to the French capital. There has to be

- really good contextual evidence to sug-

© gest otherwise. Take for example the sen-
tence “Paris had to steal Helen from her

- husband, the king of Sparta”. The words

- in the sentence suggest that this is a per-

son from Greek mythology. This kind of

. contextual evidence is the second feature

- used by our disambiguation mechanism.

Every entity in our knowledge base is as-
sociated with a textual description in key-

* word form that is compared to the sur-

© rounding context of the name. The more
the context and the description overlap,
- the better the indication for the entity.

However, in some cases, the words alone

- are not enough, especially when the con-

textual evidence is very limited. To deal

. with these cases our methodology en-
- forces coherence among the resolved en-

tities, preferring candidates that go well
together. In the example sentence “Paris

- met Helen”, Paris and Helen of Troy are
© abetter fit than Paris Hilton and Helen,

Georgia, a small US city.

The interplay of the described

- features can be seen very well in the

sentence “Bush did not handle the after-

- math of Katrina in New Orleans very
- well”. New Orleans is easy to resolve, as

the city is very prominently associated

- with the name. The first name “Katrina”

is highly ambiguous, but the way it is

- placed in the context of “aftermath” gives
- a strong indication that it is not a person
- but indeed a natural disaster. Once both

“Katrina” and “New Orleans” are resolved

to the hurricane and the city, it becomes

- clear that “Bush” refers to Bush Jr., as the
- hurricane hit during his presidency.

The disambiguation quality of AIDA

. was tested on a collection of newswire
- articles and AIDA achieves better results

than any other existing disambiguation

- method. The resulting knowledge of en-

tities in a text allows a more powerful
search in these texts, and additionally
serves as a basis for the extraction of

further knowledge about the entities,
- for example how they relate to each
. other.
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Ontology Matching with PARIS

In the last decade, the World Wide
: Web has been extraordinarily successful:
: For many questions of everyday life, the

- Web has an answer ready. However, com-
* puters cannot ‘read” or “understand” web-
- pages; they can only display them to us.

© Therefore, if we are searching for infor-
mation, we must read through the appro-
- priate webpages ourselves. For example,

- to search for a French singer’s concerts

- in Germany, one must first find a list of

. French singers and then study their tour
plans. Parallel to the World Wide Web, in
- recent years the so-called Semantic Web
- has been developed. It is the computer-

- readable counterpart to the World Wide

- Web. There, information is stored in a
form that computers can work with di-

- rectly. Thus, if a computer, at the request
- of its user, searches for concerts by a
French singer in Germany, the computer
. can first find a list of French singers in
the Semantic Web, and then — elsewhere
o in the Semantic Web — find the singer’s

© concerts in Germany in cities near the

- user. Development of the Semantic Web
. has been underway for a few years.

: In the Semantic Web, information

* is stored in so-called ontologies. An on-

- tology is a directed graph in which the

© nodes are entities (for example the singer
- Alizée or the country France), and their
edges are relationships (for example the

* relation “is a citizen of between Alizée

- and France). Furthermore, the entities

. are grouped in so-called classes. Alizée

© for instance, is in the class of singers,
and France is in the class of European

- countries. In the Semantic Web there are
- hundreds of such ontologies. Each one

* contains entities, classes, and relation-

© ships. Altogether, they have multiple mil-
liards of entities and multiple milliards

- of relationships between them. There

- are ontologies for musicians, geograph-

* ic terms, books, medical themes, and

© (through the state support of the USA
and Great Britain) also for public themes
- like schools, finance, and transport.

Since individual ontologies exist
. independently of one another, anyone
can contribute ontologies to the Seman-
- tic Web. The difficulty lies in how the

- information in different ontologies can

Ontology 1 Ontology 2

A. Jacotey
le ) ? natio-
CLtLZE‘n .................. nalitg
of
g | Republic
of France

be linked together. If, for instance, one
ontology knows that Alizée is a singer
(and not, say, a mandolin ensemble),

and another ontology contains the con-
certs of a certain “A. Jacotey”, then the
entity Alizée in the one ontology should
be matched to the entity “A. Jacotey” in
the other. Otherwise, computers would
not be able to integrate them properly in
the search for the singer’s concerts. This
matching process is anything but simple:
Even if both ontologies have only 20 en-
tities, there could be be two trillion po-
tential matches between the ontologies.
Real ontologies contain multiple millions
of entities. Also, it is not necessarily the
case that each entity in one ontology is in
the other ontology. Furthermore, not only
must the entities be matched, but also
the names of the relationships. The rela-
tion “is a citizen of in one ontology could
be called “has the nationality of " in anoth-
er ontology. The situation is similar for
the names of classes. Besides, the con-
nections between classes are asymmetric:
one ontology could have the special class
“French singers”, while the another might
have only the generic “singers”.

Up to now, approaches for aligning
ontologies have mainly considered only
the matching of classes and relations, or
the matching of entities. Our idea was

- that both of these strategies could com-
© plement each other: If we know that

“is a citizen of ' means the same thing as
“has the nationality of”, that could help

- us to connect “Alizée” to “A. Jacotey”. If
- we have connected these two, then it is

simpler to map the classes “singer” and
“French singer” to each other. This in

turn simplifies the linking of other sing-

- ers, whereby further relationships can be
- inferred. Since these links are never cer-
© tain, but rather always only incremental,
© we have developed a probabilistic model
for this process, in which the probabili-

- ties of links depend on one another.

We have begun this project together

: with the research center INRIA Saclay,
which is based near Paris. Our approach
- is fittingly named “PARIS — Probabilistic
- Alignment of Relations, Instances, and

- Schema". We have implemented this

- approach and optimized the system so
that it can also handle large ontologies.

For example, our system can align our

YAGO ontology to the DBpedia ontology
- in a few hours. Both contain multiple
- millions of entities and facts. Because

PARIS takes skillful advantage of the

- interplay between relationships and
* entities, it reaches a precision of over
: 90% in the alignment of the ontologies.

Through this system we have been

- able to make a contribution to aligning

- the ontologies in the Semantic Web to

- one another. In this way the ontologies

: can complement each other, and com-
puters searching for information can

- move from one ontology to another —

- just as hyperlinks allow us to move from
* one website to another. Thus, the Se-

: mantic Web is becoming more and more
of a truly connected “Web”.
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YAGO: a Collection of Digital Knowledge

In recent years, the Internet has
developed into a significant source of in-
formation. Train schedules, news, even
entire encyclopedias are available online.
Using search engines, we can query this
information, but current search engines
have limits. Assume we would like to
know which scientists are also active in
politics. This question can hardly be for-
mulated in a way that it can be answered
by Google. Queries like “politician scien-
tist” only return results about opinions on
political events. The problem here is that
the computers we use today can store a
tremendous amount of data, but are not
able to relate this data to a given context
or even to understand it. If it were pos-
sible to make computers understand data
as knowledge, this knowledge could be
helpful not only for Internet search, but
also for many other tasks, such as un-
derstanding spoken language or the au-
tomatic translation of text into multiple
languages. This is the goal of the “YAGO-
NAGA” project at the Max Planck Insti-

tute for Informatics.

Before a computer can process
knowledge, it must be stored in a struc-
tured fashion. Such a structured knowl-
edge collection is called an ontology. The
building blocks of an ontology are enti-
ties. An entity is every type of concrete or
abstract object: the physicist Albert Ein-
stein, the year 1879, or the Nobel Prize.
Entities are connected by relations, for
example, Albert Einstein is connected to
the year 1879 by the relation “born” (see
graph). We have developed an approach
to automatically create such an ontol-
ogy using the online encyclopedia Wiki-
pedia. Wikipedia contains articles about
thousands of personalities, products and
organizations. Each of these articles be-
comes an entity in our ontology.

There is, for example, an article

- about Albert Einstein, so the physicist

© can be recognized as an entity for the on-
tology. Each article in Wikipedia is clas-

. sified into specific categories, the article

- about Einstein, for example, in the cat-

- egory “born in 1879”. The keyword “born”
- allows the computer to store the fact that
Einstein was born in 1879. Using this

- approach, we get a very large ontology, in
- which all of the entities known to Wiki-
- pedia have their place. This ontology is

- called YAGO (Yet Another Great Ontology,
http://www.mpi-inf.mpg.de/yago-naga/yago/).

- At the moment, YAGO contains nearly

10 million entities and about 80 million

* facts.

YAGO?2, a recently created exten-

sion of the original knowledge base, pays
- particular attention to the organization

- of entities and facts in space and time

© — two dimensions that are highly useful
when searching in a knowledge base.

- As an example, the great majority of the

- approximately 900,000 person-entities
 in YAGO?2 are anchored in time by their
© birth and death date, allowing us to posi-
tion them in their historical context. For
- example, one can ask questions about

- important historical events during the

- lifetime of a specific president, emperor
© or pope, or also ask the question of when
the person in question actually was presi-
- dent.

Most of the approximately 7 mil-

- lion locations in YAGO?2 have geographic

© coordinates which place them on Earth’s
surface. Thus, spatial proximity between

. two locations can be used as a search cri-

- terion. An example of a search using the
space and time criteria could be: Which

© 20th century scientists were awarded a
Nobel Prize and were born in the vicinity

- of Stuttgart? In YAGO?2 one finds, among

. others, Albert Einstein, as both his life-
- time (1879-1955) and his birthplace Ulm
© (70 kilometers from Stuttgart) are stored :

©in YAGO2.
isa T isa
| Prize | | City

‘ Person ‘

foe  fes  fes

;‘Physicist‘ ‘Nobel Prize‘ ‘ Ulm

* Phone

isa born in
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URDF - Efficient Reasoning in Uncertain RDF Knowledge Bases

- Reasoning in uncertain knowledge bases
- with soft and hard rules

Despite the vast improvements in

- the field of information extraction in re-
© cent years, the very nature of the applied
extraction techniques entails that the

- resulting knowledge bases may exhibit

- a high degree of uncertainty or even in-

- consistency. Often, these inconsistencies
©are not obvious even for a human and can
only be uncovered through intricate and
- potentially expensive inference steps. In
- large RDF knowledge bases with millions
- of facts, an automated search for incon-
© sistencies can be accomplished only
through complicated, logic-based infer-

- ence techniques, and an overly eager re-
 moval of inconsistencies can even lead

" to the loss of correct data. Automatic

© reasoning in large knowledge bases there-
fore requires a high robustness with re-

- spect to incomplete, imprecise, or even

" inconsistent data, which we will here
 summarize under the term uncertain

. data. While traditional query process-
ing techniques for RDF (based on the

© SPARQL query language) are limited to
- deterministic data, the research in our
latest project, URDF, particularly focuses
- on efficient, rule-based, and statistical
inference techniques for uncertain RDF
knowledge bases.

In URDF, we can express, for

. example, that many people live in the
same place as their spouses. Being a

- rather “soft” form of an inference rule,

- this rule will also be violated by a number
- of instances (in this case, people) in the
: real world, which means that any knowl-
edge derived from such a soft rule will

- also be uncertain. On the other hand, we
- can surely exclude that a person could
have been born in different geographic
locations. This represents a strict con-
straint, i.e., a “hard” rule, which may not
© be violated by any instance in our knowl-
- edge base. In a logic-based representa-

- tion, these rules are often formulated

- as implications, so-called Horn clauses,

: where a conjunctive condition of facts
implies a new fact:

- marriedTo(person |, persony) A

livesIn(person,, location )

. — livesIn(person,, location )

The above rule is formulated in

- first-order predicate logic. More generally,

our URDF framework allows for identi-
fying common patterns between the
instances in the knowledge base, and

- we can generalize (i.e., learn) first-order

rules from these patterns in an inductive

- way. Conversely, we can then deductively

reason about individual instances in our
knowledge base by applying these first-
order rules. In this case, we can, for ex-
ample, apply the above first-order rule to
the persons “Angela Merkel”, “Joachim
Sauer”, and the place “Berlin-Mitte”.

. This form of uncertain reasoning allows

us to infer that “Joachim Sauer” might
live in “Berlin-Mitte”, given that we know
that his wife, “Angela Merkel”, also lives
in “Berlin-Mitte”:

married 1o(Joachim_Sauer, Angela_Merkel)
© N livesIn(Angela_Merkel, Berlin-Mitte)

- — livesIn(Joachim_Sauer, Berlin-Mitte)

Moreover, a special type of Horn
clause can be formulated by grouping

* purely negated facts into a disjunction,

as in the following example:

= bornln(Angela_Merkel, Hamburg) V
= bornIn(Angela_Merkel, Bremen)

With this Horn clause, we can
express that “Angela Merkel” cannot
have been born both in “Hamburg” and
also in “Bremen”. By using negations as
in the above example, we now have a
formal means to identify inconsistencies.
If, in the extraction step, both facts
bornln(Angela_Merkel, Hamburg) and
bornln(Angela_Merkel, Bremen)
have been inserted erroneously into the
knowledge base, we can formulate that
only one of the two facts may be true

: by using negations of the above form.

Efficient evaluation strategies
URDF supports both logic-based

(propositional) and probabilistic evalua-

. tion strategies to answer user queries.

In propositional reasoning, the user is

- guaranteed to obtain a consistent over-

- view of a potentially inconsistent knowl-
. edge base in response to a query. This
problem is reduced to the maximum

- satisfiability problem (Max-Sat), a classic
* problem in propositional logics. For

URDF, we have developed a highly effi-

. cient method for solving a generalization
© of the Max-Sat problem, which is specifi-
cally tailored to the combination of soft

- and hard rules described above. In prob-
- abilistic reasoning, on the other hand,

URDF does not only assign binary true/

. false values to facts, but also confidence
© weights, which correspond to a probabi-

listic interpretation of the derivation of

- the facts via the rules.

This enormous expressivity of rule-
based and probabilistic inference tech-

" niques certainly poses major challenges
- to the development of new and efficient
. evaluation strategies for user queries.

Both logic-based and probabilistic evalu-

ation strategies underlie a much higher

- combinatorial complexity than traditional
- query evaluation strategies in relational

- databases. Therefore, exact evaluation

. algorithms cannot be applied to large
volumes of data, which we obtain through
- information extraction from the World

* Wide Web. Our research concentrates

- on efficient approximation algorithms

. with good approximation guarantees,
which are specifically tailored to these

- evaluation strategies.
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EnBlogue — What is New and Interesting in Web 2.07

The success of the Web 2.0 has
drastically changed the way information
is generated on the Web, with millions
of users actively contributing content in
form of blog entries or micro-news (e.g.,
Twitter). In order to maintain an over-
view of this continuously flowing stream
of information, we need methods that
extract the essence of current events and

display them in a suitable way to users.

With enBlogue, the Max Planck
Institute has developed an approach
which continuously scans Web 2.0
streams for interesting events, which
have received attention in blogs, Twitter,
or other media. The name enBlogue
is supposed to sound like “in vogue”,
meaning it is popular.

EnBlogue processes web contents,
annotated with the time of creation
and semantic notes to detect surprising
changes in the behavior of topics, which
can be interpreted as interesting events.
Not only individual semantic annotations
(so-called tags) are assessed for their
popularity, but all correlations between
different tags are considered. Two tags
are strongly correlated if the relative num-
ber of documents that report about two
tags at the same time is high. Therefore,
the dynamic increase in correlations is
particularly interesting.

For example, normally the tags
“Iceland” and “flight operation” are not
very strongly correlated. This changed
abruptly with the vulcanic eruption of
Eyjafjallajokull in the spring of 2010.

b

SEE WHAT'S EN BLOGUE

WHAT DO WE DO?

A
Q o en Blogue

Most interesting emergent topics

* The enBlogue website

The choice of tags to be considered

- is a priori unlimited but is primarily based
- on annotations generated by users, for

- example, when commenting on a blog

© entry or a news paper article. Methods
can also be used for classifying informa-
. tion into topic areas as well as for dis-

- covering names of persons or places.

- The enBlogue system then also enables

© a mixture of peoples, places, and regular
topics.

A model that takes into account the

- quantity of change as well as time-lines
© is used to extract interesting emergent
topics and to present them in a clear and
- user-friendly manner.

EnBlogue is the starting point to

. current information on the web and it
. helps users being linked to actual con-
- tents. Personalization, i.e., re-ranking

- of topics depending on user preferences
- and interests, and additionally also
considering the locations of events and
- users (if this information is available),

- is currently being researched.

Events identified by enBlogue on July 8, 1996 (with
the assistance of the New York Times Archives)
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Modern computer systems feature a variety
of output modalities. These range from visual
and auditory output devices to haptic output
devices. Visual output modalities, ranging
from standard monitors to complex virtual
reality setups, are of particular importance.
The development of algorithms to correctly
display visual information, therefore, plays an
important role at the Max Planck Institute for

Informatics.

Nowadays, computer systems also feature

a variety of novel sensors in addition to tradi-
tional input devices. This comprises cameras,
haptic sensors, GPS receivers, and orienta-
tion sensors, to name a few. We develop
algorithms to optimally process and combine
information from these multimodal input and

output devices.

The basis of qualitatively high-value,

. computer-generated images are accurate

scene models. At the Max Planck Insti-

© tute for Informatics, automated methods

- for the reconstruction of models of dy-

- namic scenes are being investigated. This
. is gaining more and more importance and
finds many applications in computer ani-

- mation as well as in the areas of 3D TV

- and 3D video (see also, research reports

- from the area Understanding Images and

Videos).

By using such novel reconstruction

- techniques, we can also learn general-

- ized statistical models of the static and

: dynamic real world. By means of such
models, structural similarities across and
* within 3D models can be discovered,

scene reconstruction can be made more

- robust, scene models can be modified

© more easily, and basic building principles
of 3D shapes can be inferred, which ena-
" bles the generation of new shape variants.

In order to show lifelike models of

© virtual worlds, we have also developed
- new simulation methods for light propa-
- gation in scenes, so-called global illumi-

* nation.

The images created through image
synthesis or image construction typically

- have a brightness range (dynamic range)
- that matches the dynamic range of the
© real world. We research algorithms for
the image processing of these so-called

High Dynamic Range images (HDR)

- as well as methods for their portrayal

- on standard displays. We also research

© perceptually-based approaches to en-
hance the display quality of low and high
- dynamic range imagery on new types of

stereoscopic displays.

Rendering approaches also play

: an important role in the visualization of
complex high-dimensional data. Such
data frequently occurs, for example, as
" an output of weather simulations, flow

simulations, or the analysis of certain

. effects in human society. We develop
new approaches to visualize this complex
- data such that correlations and important
- features can be effectively deduced.

Nowadays, the optimal processing

of optical input data is equally important.
- We are, therefore, working on new op-

- tical systems for cameras and turn the

- classical camera into a calculation instru-
© ment that can extract much more infor-
mation from individual images than pure
- light intensity, such as 3D geometry, for

- example. Future computer systems will

use sensors to perceive the state of their

. environment, for instance, in order to

understand human activities. Correctly

" fusing information from multimodal in-
- put and output devices paves the way

- for more efficient and more intuitive
human-computer interaction.
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Stereo and HDR Imaging: Display Quality Measurement and Enhancement

Computer models of human perception

We understand human visual per-
ception as a final and mandatory compo-
nent in a visual processing pipeline. An
“as complete and as correct as possible
model” of human visual perception is
therefore crucial when aiming to improve
the visual pipeline as a whole. While
psychology provides a range of theoretic
models of human perceptual perfor-
mance, they are often not applicable for
two reasons. First, too many simplify-
ing assumptions are made. Second, the
models are often only passive descrip-
tions of findings and not algorithms.
The challenge in our work is to deliver
concrete models and algorithms. These
should reliably and efficiently predict
human perception of 2D or 3D content,
and, at the same time, improve the con-
tent using these models.

We have developed an application
to predict the perceived difference be-
tween two film sequences. Building on
perceptual models, it uses existing physi-
ological data to analyze the size, strength,

and change of visual patterns in the input :

sequences and from this produces a third
sequence that visualizes the perceived
difference of the input sequences. It can
be surprising how different the perceived
difference is from what naive numerical
differences would suggest. Applications
of our approach include video compression

and steering image synthesis techniques.

A conventional anaglyph stereo image (fop) looks
unpleasant, when observed without proper anaglyph
glasses, due to color artifacts. Using our backward
compatible solution (hotfom), we can reduce the
artifacts and, using anaglyph glasses, still provide a
sense of depth when seeing the image.

In a different track, we have devel-

© oped an approach to compute the per-

. ceived difference between two stereo im-
ages. Here, our work goes beyond what

- is known to the field of visual perception:
- We first performed studies to acquire a

: model of human stereo perception that
describes how a sinusoidal corrugation

- with a certain amplitude and frequency is
. perceived. From this model, we devised

© an approach that reports the perceived
difference of two complex stereo stimuli.
- This finds applications in the compres-

- sion and manipulation of stereo images.

© Further, the display of stereo content

on various devices can benefit. Stereo

* images created for a movie theater but

- displayed on the screen of a small cell

: phone are unpleasant and uncomfortable
to watch. Our model helps to “re-target”

- content between different devices.

Beyond the description of human

© perception, our models can be used to
improve the user experience when de-
- picting content. For example, a model
- of human retinal image integration, eye

movement, and tempo-spatial informa-

© tion integration can be used to display a
high-resolution image on a low-resolution
- screen such that the sensation is as close
- as possible to the original. Along similar

- lines, our approaches add depth impres-

© sion to an image by using only minimal
cues or by letting colors appear brighter

- than the monitor can actually display.
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Apparent resolution enhancement for moving images:
. We optimize individual frames (1-3, from bottom left),
. so that they appear more detailed (ours, frame 4) on

- a human retina than conventional solutions (bottom

. right).

The possibility to combine other

perceptual models of high contrast (HDR),
- glare effects, brightness gradients, and

- colors makes the building of a more and
: more complete computational model

of human perception conceivable. And,

- this provides us with an improved way

- of depicting content for all users on all

- devices.
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Advanced Real-Time Rendering

Efficient simulation of indirect
illumination

The creation of photorealistic

* images using computers is a basic tech-
- nology required in many types of visual

: media. Although initially only used for
creating special effects, nowadays, the

- usage of computers to render entire films
- is common. However, the required realism
- is only possible with high computational
- effort, and as a result, the synthesis of

a single frame of motion picture can

- typically take several hours. At the same
© time, interactive real-timer rendering

- has become part of our everyday lives:
In computer games, in geo-visualization
on a cell phone, or in interactive kitchen
- planers on desktop computers. The

- required images are produced instanta-

- neously from a userfs input. In order to
. achieve this performance, severe simpli-
fications had to be made, which led to

© the development of highly specialized

- graphics hardware (GPUs). In our work,
- we aim to fill the gap between highly

- realistic offline-rendering and fast inter-

. active rendering.

In particular, our approaches were

- the first to allow interactive simulation of
- indirect illumination in dynamic scenes.
Most previous interactive techniques as-
sume direct illumination, where the light
- is emitted from point light sources and

- reflected once inside the scene before

. arriving at the observer. This simplifica-

. tion, however, is often not true in nature.
: Many visual effects such as the appear-

- ance of materials or the understanding

- of spatial configuration are known to

. be affected by indirect light. To achieve

© efficient indirect illumination, our ap-
proaches make assumptions that are dif-
- ferent from classic numerical approaches
- (Finite-Element Radiosity, Raytracing),

- first, by fitting the demands of parallel

. graphics hardware and, second, by in-
cluding knowledge of the human visual

- system.

\ @

Interactive simulation of a deforming piece of cloth.

In order to efficiently make use

of existing graphics hardware, our ap-

- proaches employ existing and optimized

hardware functionality such as the draw-
ing of points or the application of local
image filters. Such operations are execut-
ed in ten thousands of parallel cores on
modern hardware; by succeeding to keep
those cores busy, quality or performance
can be improved by orders of magnitude.
In particular, the resulting approaches
allow the simulation of dynamic scenes

in real-time.

Our approach can compute results similar to a refe-
rence (left, hours of computation time) orders of ma-
gnitude faster (right, seconds of computation time).

In order to only compute what a

© human observer perceives, our work
*includes, and extends in independent
perceptual studies, the knowledge about

- the human visual system; for example, it

- was not known until now how humans

. perceive indirect shadows. Our studies

© of this matter have shown that such
shadows are perceived as largely smooth,
- which allows us to make strong simpli-

- fications and leads to improved perfor-

. Imance.

Recently, the (long-standing) idea

- of performing expensive computations

- in a computational “cloud”, which then
. streams its results to client machines

- such as cell phones, has received re-
newed interest. In our work, we consider
- streaming approaches that fit best to

- modern graphics hardware and human
- perception. First, 3D information is en-
: coded on the server side with human
perception in mind, e.g., by faithfully

- encoding luminance and depth edges.

Next, existing graphics hardware func-

. tions are used to efficiently extrapolate
. information on the client side.
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PICASSO — Soundtrack Recommendation for Images

Most of us have encountered the
following situation: we have taken mul-
tiple images during a vacation trip and,
when back at home, want to present
these images to our friends. What is
missing is a background music accom-
paniment that underpins the emotions
felt during the vacation. Our approach,
named PICASSO, recommends the
most appropriate soundtrack, fully auto-
matically, from a user-provided music
collection.

There are two worlds to be dealt
with here: the world of music and the
world of images. Considered separately,
both of these worlds are relatively well
understood. For each of these worlds,
there exist methods that determine
which objects are most similar to a given
query object. For example, a user can find
the 10 images most similar to a given
vacation image. Features describing
colors, brightness, and edges are used
to calculate this similarity. However,
different features are used in the world
of music, for example, timbre and
rhythm, which are crucial for precise
search results.

Up to now, we have not been able
to make a connection between the world
of music and the world of images. With

PICASSO, we have developed an ap-

proach that is able to learn and apply this

connection.

The key principle is to look at very
many examples of semantically related
images and music pieces, aiming at cov-
ering a wide range of both media. The
idea behind PICASSO is to analyze movies,
which offer exactly the data needed for
our task: (moving) images with match-
ing soundtrack music, manually assigned
by experienced movie directors. We had
PICASSO analyze more than 50 movies,
hence, obtain a large collection of pairs
of the form (image, movie soundtrack).

! |

Song A SongV

Song F

Figure 1: Process of Generating the PICASSO
Database

In the recommendation process,
PICASSO retrieves the most similar

© movie scenes for a given query image.

In doing this, we move from the world

- of pictures to the world of music, using
. the already collected image-music pairs.
. Then, we can select the most similar

songs out of a user-provided collection,

- with regard to the soundtracks in the
- movie scenes we found. For efficiency
- reasons, we have precomputed the last

step of this process, i.e., we can jump

o directly from a movie scene to the user-
- provided songs. Figure 1 illustrates this
- process.

This recommendation procedure

- can also be applied to a given collection
- of the images (i.e., a slide show). First,

multiple soundtracks are recommended
- for each individual image. Subsequently,

these results are combined to recom-

 mend a soundtrack that matches all im-

© ages. When doing so, we need to avoid
choosing a soundtrack that is totally un-

- fitting for some images, even if it might

- be a great fit for others. PICASSO is also
- applicable to videos, in which case the

© video is considered as a series of images,
© for which we recommend a soundtrack.

Music player

Avril Lavigne
My World

PicasSound

) Alice In Chains - Dam That River

Figure 2: Screenshot of the iPhone App PicasSound

Aecommend soundirack

We have released an application,

. named PicasSound, which queries our

PICASSO database via iPhone or An-

. droid-based smartphone. PicasSound is

. available free-of-charge. It enables users
- to capture an image or to use an already
. existing one [Figure 2], for which PICASSO
recommends a list of songs out of the

songs available on smartphones.
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Computational Photography

Computational photography

Our group investigates innovative
. algorithms in order to correct common
weak points in ordinary cameras and
- develop new applications, such as 3D
- reconstruction.

High-speed capture of human actors

One example of limited camera

© capabilities is its limited frame rate, or
temporal resolution, in video mode. It is,
- therefore, difficult to record very fast mo-
© tions that are, e.g., performed by human
- actors in action scenes. The resulting

© imagery is motion-blurred a well-known
effect that is deliberately utilized to illus-
- trate fast motions, e.g., in comic books.
In modern visual effects, such motion

- blur can be undesirable, for example,

. if slow motion shots are to be shown.

© Moreover, modern techniques allow for
the capture of virtual humans, which en-
- ables a virtual change of viewpoint after
- the scene has been shot. Motion blur can
© be a major handicap to these techniques.
© In cooperation with the Graphics, Vision
and Video group, we have developed a

* motion capture system that can counter-
- act motion blur and, therefore, facilitate
© the markerless motion capture of high-
speed human motions. The developed
system employs standard camera hard-

* ware in a surround imaging setup. As an
- example, we have demonstrated captur-
© ing at 400 frames per second with a set

© of 20 cameras that can physically record
only at 20 frames per second. Future

© systems exploiting our ideas could en-

- able the inexpensive surround capture

. of high-speed motions.

- Aview inside the measurement device. The object
. to be scanned is a bust of Max Planck (partial view).

back mirror

Device for the surround scanning of an object’s geometry and reflectance. A large mirror system multiplies

- Theoretical analysis of multiplex camera

systems

Cameras are often used in multiplex
mode, i.e., various forms of information,
such as color or directional information,
are digitized by suitable optical filters in
different pixels of a single sensor. This

- process allows for less expensive produc-

tion in comparison to the use of separate
sensor chips for each information chan-
nel such as the colors red, green, and
blue, for example. These filters are known
as color filter arrays (CFAs). Recent
analysis shows that, in addition to color
information, the directional distribution
of light, the so-called light field, can be
recorded in different channels. The re-
cording of light fields makes it possible,
among other things, to change the focus
of an image after the recording. Our group
has established that many new types of
cameras are special variations of one sin-
gle overarching model. This knowledge
can be used to create improved recon-
struction algorithms, e.g., for color and
directional image reproduction and for
the analysis of camera performance. The
application of the new model enables a
comparison of different camera proto-
types in terms of noise and resolution.

A surround imaging and projection

system for reflectance measurements

The three-dimensional digitization
of objects is another important applica-

the number of available view points. A three-colored laser is used to illuminate the object and simultaneously
. scan its geometry.

- tion area for new camera technologies.

Digitization, also called 3D scanning,

- is used more and more commonly in

. measurement, quality control, in the
digital preservation of cultural artifacts,
- but also in the entertainment industry. A
- fundamental problem with 3D scanning
- systems is the inability of conventional

- cameras to have an all-around view; an

© object can only be viewed from one per-
spective at a time. In previous work we

" have shown how kaleidoscopic mirror

- systems can be employed to circumvent
. this restriction. For capturing a life-like
: appearance of real objects, however, it
is not only necessary to image the object
* from all possible view points, but also

- under all possible illumination condi-

- tions. Established technology requires

- a tremendous hardware effort: Typically,

200 cameras and 200 light sources are

. employed in such devices. Extending

- our idea that a single sensor can image

- hundreds of views by repeated mirroring
. of the viewing rays, we have developed

. a prototype system that can generate

200 viewing and lighting directions with

- a single projector and a single camera.

. This capability, in turn, enables the

. acquisition of an object’s reflectance in
conjunction with its geometry, using a

- completely static setup. Our prototype

- does not yet match the accuracy of com-
- mercial scanners, but it provides an ex-

. citing outlook at the potential capabilities
of future scanning devices.
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Calibrated Display Management

The amount of light available when
the sun shines is about 10 orders of mag-
nitude more than under starlight. Yet,
humans are over time able to adapt to
this enormous range of light. At any one
time, the dynamic range of human vision
is much smaller at about 4 orders of
magnitude. Nonetheless, this is still 2
orders of magnitude (a factor of 100)
more than current video, film and photo
cameras can capture, and conventional
monitors, televisions and projectors can
display.

High dynamic range imaging is a
field of research that studies hardware
and software solutions to the dynamic
range mismatch between current tech-
nology and human vision on the one
hand, and current technology and the
range of light available in scenes on the
other hand. This has given rise to a set
of capture techniques that allow images
and video to be recorded with a dynamic
range that meets or exceeds that of hu-

man vision.

An important aspect of high dy-

namic range imaging is that of the display

of such images on conventional display
devices. In other words, there is a ques-
tion of how to display images with a dy-
namic range much greater than 2 orders
of magnitude on a display which can only
distinguish about 100 useable levels.
Algorithms that solve this problem are
commonly known as tone reproduction
operators. They scale the image to be
within the display range, and additionally
aim to preserve the visual quality of the
image so that the resulting image looks
natural, as shown in Figure 1. Tone re-
production is certainly successful in that
sense. Nonetheless, tone reproduction
algorithms tend to negelect aspects of
human vision, in particular human colour
vision, which means that the results are

not quite as natural as they could be.

Human colour vision involves
similar adaptive processes as mentioned
above, albeit affecting the perception of
colour. For instance, if we view a scene
under coloured illumination we would to
a certain extent ignore the colour of the
illuminant to the extent that surfaces in

- Figure 1: A high dynamic range image tonemapped
. for display with a conventional operator.

© the scene that have a white reflectance
- would indeed appear white. In addition,
- the colourfulness of a scene depends

strongly on the strength of illumination.
If we had a dimmer switch connected

© to a light source and slowly increase the

amount of light emitted, colours in the
scene would increase in colourfulness.
In general, the study of how coloured

. patches are perceived under specific
. illumination falls under colour appear-
- ance modeling.

This has significant implications for
© tone reproduction that are often ignored.

In particular, if we reduce the dynamic

range of an HDR image, we should also
- reduce the encoded colourfulness of the
- image to match what would happen in
- reality if we turned down our dimmer

switch. Additionally, if the image was

captured under a specific colour of illu-
* mination, and it is displayed on a monitor :
. that is located in a room with different
- illumination, we would have to apply a
correction to the image.

- Figure 2: An image processed using our combined
. tone reproduction and colour management algorithm.

The goal of this project is to com-

bine colour appearance effects into

- tone reproduction, effectively unifying

- parts of high dynamic range imaging

- with colour appearance modeling. Our

- algorithm carefully models all relevant
aspects of human colour vision, and as

- aresult is capable of producing images

- that are perceptually correct as measured
: against several existing psychophysical
datasets and shown in Figure 2.
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Recognizing Human Activity

- Recognizing human activity from

- wearable sensors

Sensing and understanding the

- context of the user plays an essential

© role in human-computer-interaction.

: It may enable natural communication,

- for instance, with robots that understand
- the user’s goals and offer support at the
- right time. Our work focuses on a parti-
© cular type of context, namely human
activity recognition.

While impressive progress has been
- made in recognizing short and atomic

© activities (such as shaking hands and
walking), research on more complex

- human activity lasting for minutes or

- hours (such as a morning routine or an

- assembly task) is far less mature. We

- thus focus on several important aspects
of human activity recognition related to

- complex and long-term activities.

Collecting human activity data

Wearable sensors attached to the

- body have great potential for sensing

. what the user is doing, at any given time
or place, from a first-person perspective.
- Given the advances in micro-technology,
* inexpensive sensors are al-ready today

- becoming widely available in watches,

. cell phones, and even clothing. Motion
data can then be collected and analyzed
- for activity understanding, using machine
- learning techniques.

. ldentifying and combining relevant

- activity events

It is not usually the sequence of

. atomic activities that is interesting, but

© rather the higher level goal at which these
activities are directed. There are several

- ways to infer the higher level goal from

- observing atomic activities. Since com-

. posite activities can contain large amounts
© of unrelated activity, using the complete
observation can be suboptimal and there-
- fore confuse the recognition. For many

- composite activities, it is sufficient to

- spot only a few underlying activity events
- to allow their recognition [Figure 1]. For
example having lunch can be character-

- ized by walking at a certain time of day,

Figure 1: Relevant parts for composite activity

without even observing the actual eating
activity. In a discriminative analysis, we
observe that a surprisingly small fraction
of relevant parts can be sufficient to re-
cognize the higher level composite activ-
ity and allow efficient recognition algo-
rithms.

Hierarchical model for composite
activities

Preserving the structure of a hier-
archical activity offers several benefits.
Considering a construction manual for a
mirror in figure 2, one of several tasks is
to fix the frame to the panel. This seem-
ingly simple task consists of various steps,
and it becomes obvious that composite
activities add significant variation. Com-

: posite activities can be interrupted, the

duration can vary strongly across different
users, or the underlying activities can
happen in different order. Using the
same algorithms recognizing atomic
activities can be suboptimal, as these

Figure 2: Composite activity for construction

* require prohibitive amounts of training

- data. Therefore, we propose a hierarchi-

© cal model that observes relevant activity
events and combines them to recognize

. composite activities, similar to the way in
- which letters create words. Experiments
- show indeed superior performance com-
. pared to the standard approaches usually
used for activity recognition.

Composite C

: Transferring knowledge

Parts that are similar in different

composite activities can be shared, much
- like vocabulary. Instead of re-learning

* composite activities from scratch, trans-
- ferring shared parts reduces the training
. effort for new composite activities signi-
ficantly.
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Correspondences and Symmetry in 3D Scenes

Correspondence problems and shape
understanding

An important challenge in modern
computer science is the understanding
of structures in data. Humans have re-
markable capabilities in understanding

input. Obviously, computers are not able
to perform tasks at even a vaguely com-

parable level of cognitive skill. Neverthe-
less, machine processing of data has sig-

themselves through enormous quantities
of data at minimal costs. Not only do they

could potentially detect patterns in data
that are only visible in large data bases.

Our research area deals with the
machine understanding of shapes. Our
goal is to enable a computer algorithm to
understand to a certain extent how geo-
metric shapes are structured. In the last
few years, we have mostly worked on an
important low-level problem in the do-
main of shape understanding: establish-
ing correspondences. The goal is to deter-
mine whether two shapes are essentially
the same, and if so, which points are
corresponding, i.e., matching equiva-
lent geometry. We have addressed two
aspects of this problem. The first is the
primary problem of actually establishing
correspondences. The second problem
is the higher-level problem of using cor-
respondences among data to analyze the
structure of the shapes.

Correspondence problems and symmetry

There are a large number of cor-
respondence problems: The first aspect
is how correspondences are established.

only under rigid motions, i.e., rotations,
mirroring, and translations [Figure 1].

- However, more complex models are pos-
. sible; for example, shapes can undergo

. deformations [Figure 2], or we might seek
to establish correspondences according

. to semantic categories, learned from a

- small set of training examples provided
structures in the world from their sensory by the user [Figure 3] using machine learn-
© ing algorithms.

Furthermore, not only is it possible

- to establish correspondences between
nificant advantages: Computers can work pairs of separate shapes [Figure 2], but we
: can also look for reoccurring building

o blocks within one and the same object
unburden the human of tedious tasks but : [Figure 11. This process is called partial

- symmetry detection.
LSy ry

Applications

Correspondence information has

© a number of obvious applications; for
example, we can fully automatically

- register multiple scans of a building

- (rigid matching) or of a scanned person

- (deformable matching), or automatically
© perform semantic tagging, for example,
in large scale 3D scans of cities. How-

- ever, interesting and non-obvious applica-
- tions arise when we study the structure

- of the correspondences. By analyzing

: the structure of the partial symmetries
of an object, we can find building blocks,
- out of which we can fully- or semi-auto-
- matically assemble variants of the shape
- [Figure 4]. An analysis can also reveal struc-
© tural regularity such as arrangements of
windows in regular grids [Figure 1]. This

- regularity can be used as an invariant for
- shape editing, thereby allowing a quick

- creation of plausible variations of the

. original shape. Such automated editing
tools are useful, for example, for reducing
- the costs of content creation in computer

The simplest option is to match geometry : &Mes:

. Email
. Internet

- Figure 1: Decomposition of a 3D Model into ele-
- mentary building blocks. The color indicates
. matching types.

Figure 2: Correspondences between two 3D scans of
- a person in different poses (computed automatically).

. Figure 3: Correspondence between semantically

" related parts of a building. The matching model is
. learned from a few user examples. Dataset: LKVK
- Saarland.

- Figure 4: Building blocks (as in Figure 1) can be
. reassembled automatically to create plausible shape
. variations from a single example.
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Flow Analysis

Flows of fluids or gases are of great
© importance in many technical processes.
© For example, designing a fuel efficient car
involves reducing its aerodynamic drag.

- To this end, the flow around the car is

- simulated with a computer program.

: A subsequent flow analysis reveals vortex

© structures, which usually have a negative
influence on the aerodynamic drag.
 Modern analysis methods aim at raising
- the physical understanding of a flow

. in order to allow for conclusions about
necessary changes to the car’s design.

- Real-world flow visualization

: The properties of a flow can be

- explained by considering the motion of

- particles. A particle moves with the flow
- on its so-called trajectory, which is a line
© consisting of all point locations visited
by the particle over time. Unfortunately,
© atrajectory is hard to visualize in a real-
- world flow experiment since a simple

. photo shows only the current location

© of the particle. Therefore, other charac-
teristic curves are used for visualization:

- astreak line consists of a large number

- of particles, which have been injected

" into the flow one after another from the
© same location. A common way to achieve
this effect in a flow lab is to constantly

- release smoke from a nozzle. It moves

- with the flow and thereby forms the

- streak line. A time line is another means
© of visualizing a flow. It is created by an
instantaneous release of smoke from a

- slit: the initially straight line of smoke

- is transported by the flow and rolls up

- in vortices. This reveals interesting flow

patterns.

Computer-based flow visualization

While streak and time lines are

. easier to visualize than particle trajec-

© tories in real-world experiments, it is ex-
actly the other way around in computer-

. based visualizations. It is well-known

- that particle trajectories can be expressed
- mathematically using ordinary differential
. equations, which can be solved using
standard methods. Furthermore, these

- equations allow conclusions about im-

- portant properties of particle trajectories.

For example, it is possible to determine

© their curvature without actually comput-

ing the trajectories themselves. Many im-
- portant methods of computer-based flow

- analysis rely on the simple, yet powerful,

- representation of particle trajectories

© using ordinary differential equations.

For a long time, only comparatively

- complex algorithms existed for the com-
. putation of streak and time lines, and

- they did not allow any conclusions about
the inherent properties of these lines.

- Together with our collaboration partner,

Prof. Dr. Holger Theisel of Magdeburg
University, we have succeeded in devel-

© oping a novel mathematical approach
that allows streak and time lines to be
- described using ordinary differential

- equations. This work was awarded the
- Best Paper Award of the annual IEEE

. Visualization conference.

Figure 2: Vortex core line (red)in the center of
swirling streak lines.

Figure 1: The time lines of the flow behind a cylinder reveal — in contrast to particle trajectories — the swirling
. motion in the flow.

- New possibilities

This allows for a wide range of new

. methods for analyzing flows since the

* inherent properties of streak and time
lines can now be expressed in a com-

- pact mathematical form. Figure 2 shows
- a so-called vortex core line in the center

. of swirling streak lines. For the first time,
© such vortex cores can be computed using
our novel mathematical approach. They

* are an important basis for the identifica-

* tion of vortices in flows.

Furthermore, streak and time lines

can often be computed significantly faster
- using the new approach. The 5000 time
- lines in Figure 1 were computed within

14 seconds using our new method. The

© classic algorithm requires 45 minutes
- for this.
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Optimizing User Interfaces for Human Performance

Despite decades of research and
enormous investments by the industry,
our most commonly used user interfaces
are age-old. For example, the QWERTY
keyboard was invented in the 19th centu-
ry, the menu in the 1950s, and the mouse
and touchscreen in the 1960s. In soft-
ware engineering projects, the user inter-
face is among the most difficult things to
get right. We believe that these problems
are due to the fact that the space of al-
ternative designs is too enormous to be
explored by trial and error. A designer can
entertain only the minutest fraction of all
designs. Let us consider the case of de-
signing a simple menu, one of the most
commonly used user interface. The num-
ber of possible designs for a menu with
20 items is 20! =2432902008176640000
— more than there are stars in the observ-
able universe (10 24).

We believe that computational
methods can be exploited for interface
design. The automatization of recurring
problems will allow a designer to focus
on truly novel aspects. Instead of gen-
erating and trying out one or only a few
instances at a time, the designer defines
optimization goals, assumptions about
the user and use, and sets constraints,
and the computer explores the best de-
signs. Our interface optimizer allows a
designer to answer two critical questions:

1) How close to the optimal is a given
design?

2)  What is the optimal design?

. The four general steps of this
- approach are:

1) representing the design space in
terms of continous/discrete vari-
ables that are free/fixed,

2)  operationalizing the desirable
effects/outcomes of interaction

as optimization goal(s),

3)  constructing a predictive model
that can take as an input any
instance of the design space, and

© 4) identifying a suitable optimization

method.

We explore this approach in a

 number of cases ranging from classic
- problems like text entry and menu selec-
© tion to those novel multimodal interfaces

such as computer vision based full-body

- control.

In our first case, we developed an

- optimized keyboard layout two-thumb
- text entry on tablet devices. To derive a
. predictive model, we devised a biman-

ual tapping task. The derived model ac-

curately predicts the time to coordinate

- thumb movement for any given layout.
 The model was used in an optimizer that
. considered millions of alternative layouts.
The rate with the predicted keyboard is

- the fastest reported for two-thumb text

- entry on a touchscreen device and im-

- proved the users’ performance by 34 %.

The group presently works to opti-

. mize keyboards for different languages,

- challenging the hegomony of QWERTY

* as the universal keyboard. Over a cen-

© tury after its invention, the qwerty layout
is ubiquitous: in smartphones, PCs, and

- large displays alike, despite the fact that

- the new form factors and input technolo-
- gies may require radically different move-
© ment ranges of fingers. The optimization
approach to design critically relies on the
- availability of valid predictive models that
: reliably estimate user performance for
any given design from the design space.

For simple sensorimotor tasks, such as

i reaching a finger to press a button, there
. are a few models that are robust enough

to make such predictions, for example,

for typing. The hard problem has been

to acquire new models to extend the ap-

i proach to other user interfaces. The
. group consults the behavioral sciences
. and biomechanics to derive such models.

For instance, in another case, we

study full-body control, as in the now

popular Kinect games. Here, human

¢ movement can be mapped to virtual

© movement in almost infinite ways, and
each mapping is associated with differ-
ent performance vs. fatigue properties.
The light pen, for example, was touted

i as a serious alternative to the mouse but
¢ was never adopted because it could not
be used by information workers. We have
developed a novel method that allows

searching for optimal mappings by com-

i bining biomechanics simulations with
analyses of speed-accuracy-tradeoff in

i asingle experiment. The method allows
! designers to identify optimal gestures for
games and applications.
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Optimization procedures are today of central
significance for companies® effectiveness.
They are employed, for example, to reduce
the need for expensive resources such as
work or raw materials. The challenge to
science is to develop efficient procedures
for solving optimization problems. These
procedures should quickly find an optimal
solution, or at least a solution that is close

to the optimum.

Efficient optimization procedures

. are of core importance in various areas.

For large companies, they have a decisive

*influence on their competitiveness.
- With careful planning, a large amount of
- resources in industrial projects can be

saved, leading to lower costs. However,
such planning problems are usually very

complex, and different requirements have
- to be taken into account. This makes it

- difficult for computers to find optimal,
or at least very good, solutions.

At the Max Planck Institute for
Informatics, we are working on difficult

. optimization problems arising in very

- different applications such as industrial
optimization or medicine. On the one

- hand, we are developing elaborate pro-

- cedures that find optimal solutions effi-
- ciently. On the other hand, if the under-
lying problem is too difficult to find an

- optimal solution quickly, we develop pro-
. cedures that can at least find a solution

© which is close to the optimum. In addi-
tion, we are investigating how we can

- employ random decisions to obtain more
- efficient and simpler optimization pro-

- cedures. In this context, we are also

studying procedures that are inspired by

- optimization processes in nature. Such
- methods often allow good solutions to
- be found for a given problem without

spending too much effort on designing

. a specific optimiziation procedure.

Since optimization plays a signifi-

© cant role in many different areas, scien-
: tists in all research areas of the institute
© are working on optimization problems.

Optimization is nowadays a crucial

- technique for the efficient design of
. planning processes. Its importance will
: continue to grow in the future.
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Computation of Equilibrium Prices

The balance between supply and
demand takes place through pricing.
For a particular good, the question of
the equilibrium price is easy to resolve.
Demand is a decreasing function of the
price and supply is an increasing func-
tion of the price. Therefore, there is
always an equilibrium price at which
supply and demand balance out. But
what happens in an economy with many
goods, many suppliers, and many buyers?

The market models of Fisher and Walras

Already in the 19th century, Fisher
(1890) and Walras (1875) introduced
mathematical models for markets.
Fisher's model is as follows: There exist
buyers and goods. Buyers have a certain
budget and preference with respect to
the goods; goods are available in a cer-
tain quantity. The preference states how
much utility a buyer obtains from a given
quantity of a particular good. In the
simplest case of a linear preference, the
utility is a linear function of the quantity.
We further assume that goods have prices:
a unit of good X has a price p(X). Then
for each buyer and each good, there is
an amount of utility per unit of money.
Given a price of 2 Euro for a bottle of
champagne and 1 Euro for a bottle of
beer, for many buyers the utility per unit
of money is higher for champagne than
for beer. Fisher then postulates that each
buyer buys only those goods that would,
for them, maximize their utility per unit
of money. Fisher asks whether there are
always prices such that all of the buyers
spend their entire budget and all of the
goods are sold.

Walras' model is a bit different:

: He does not assume that buyers have

© a certain amount of money right from
the start. Rather, buyers are also sellers.

- They own goods and receive money only
- through the sale of goods. The question

. is again the same: Are there prices such

© that all of the buyers spend all of the
money they have received by selling their
- goods, and are all of the goods sold?

In Fisher’s model, money has an

. intrinsic value; in Walras’ model it serves
. only to compare goods. Fisher's model is
- a special case of Walras’.

Existence of equilibrium prices

It took until 1954 before the exist-

- ence of equilibrium prices was mathe-

© matically stringently proven by Arrow and
Debreu. Arrow and Debreu were award-

. ed the Nobel Prize in Economics for that
- and for other achievements. Their proof

- is nevertheless purely a proof of existence :
- and does not produce a method for cal-
culating equilibrium prices.

- Email

- Calculation of equilibrium prices

Can one efficiently calculate equi-

. librium prices? It took multiple decades
before the answer was found for Walras’
- model. First in 2007, K. Jain found an

- algorithm with polynomial runtime,

- although it was still not satisfactory

. because of their use of the ellipsoid

. method. In 2012, Ran Duan and Kurt

- Mehlhorn found a relatively simple

- combinatorial algorithm.
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Rule-based Product Configuration

In today’s industry and economy,

- the principle of product lines plays a

© great role. In this context, different prod-
ucts, based on a preferably high number
- of identical components, are grouped

- together and jointly designed, developed
- and produced. A typical example is the

© group-internal production of different
automobile models on a common base.

A currently popular approach for

- describing product lines is the use of

- rules: They specify which components in
a specific context, or following an explicit
. pre-selection of properties, can be config-
- ured into an overall product. These con-
. texts can be e.g. of a temporal or techni-
© cal nature. Alternatively or additionally,

a product can be described based on the
- hierarchical structure of its assembly.

- An example of a component selection

" for a vehicle would be the selection of a

© color, an engine or an equipment detail
such as an air conditioner. A temporal

- context would include a particular year of
- manufacturing or model year; a technical
- context could be the upper limit of CO2
© emissions or the total weight. The rules
themselves describe dependencies be-

- tween the components and contexts:

- A powerful engine requires specific tire
 combinations based on the potential

: achievement of high speeds, whereas
trailer hitching devices exclude weak

- engines. The interactions represent so-

- called if-then rules, which become

- active through decisions by the user

© specifying properties of an eventual
product.

Within the framework of our re-
search we are interested in a formal de-
scription and verification of such a sys-
tem of rules. We also want to be able to
calculate mathematically precise analy-
ses of the whole product structure. For
many of the systems currently in use,
the challenge is not the development of
the concrete rules, but rather ensuring
important global properties such as con-
sistency. The above-described rule ap-

. proach is particularly characterized by

its flexibility. Rules can easily be adapted
to the type of products being configured
and the associated components and the
respective area of use. The desired level
of detail can be chosen freely: Thus, a

. product can be considered purely from

a sales perspective, or down to the last,
single screw for engineering purposes.

The approach can also be applied to the

description of products composed of
abstract modules. In addition to the
automotive industry, e.g. applications
for software products that are composed
of individual modules are also possible.
Production lines, which consist of a se-

quence of individual steps, or the com-

. position of business services from indi-
- vidual activities, can also be naturally

described with the aid of rule systems.

Although promising results have

. been accomplished with rule systems on

the application side, an appropriate for-

malization, i.e. an explicit and consistent
representation of a rule-based system by
a language of logic, is still the subject of
research. However, formalization is a

- prerequisite for the assurance of global

© properties. Important properties include
consistency, i.e. consistency of the sys-
tem of rules, or the uniqueness of the

- calculated results. Further examples of

- these properties are the total number of
- possible products from one product line
- according to the pre-selection of compo-
nents or contexts, optimality properties

- of products such as minimum production
- costs, or recognizing components that no
- longer contribute to an active product.

For systems of rules that also describe a

particular process, e.g., a production or

- configuration process, the confluence

- of the system of rules also plays a major

- role: irrespective of the order of the rule
- applications on an initial state, the result

. is always the same.

The current research encompasses

- the analysis of existing rule-based systems,
: the development of a suitable formal lan-
guage and the development of automatic
- methods for calculation of properties.
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Approximation Algorithms for Profit-maximizing Pricing Problems

One of the most basic methods for
dealing with NP-hard optimization prob-
lems is to design polynomial-time algo-
rithms that find a solution which is prov-
ably not far from the optimum. Formally,
an algorithm is said to be an x-approx-
imation algorithm for a maximization
(or minimization) problem if it runs in
polynomial time in the size of the input
instance and produces a solution whose
objective value is within a factor of x of
the optimum solution. Under this gen-
eral framework, we have been working on
problems from different areas, including
graph problems, computational econom-
ics, computational geometry and mathe-
matical programming. We will give an
example below.

Item pricing

Profit (or revenue) maximization is
a classic and fundamental economic goal.
The design of computationally-efficient
item-pricing schemes for various profit-
maximization problems has received
much attention recently, due in large part
to the emergence of e-commerce appli-
cations on the Internet. With the avail-
ability of vastly emerging online markets,
it is possible now for retailers to display
their goods, such as books, flight tickets
and hotel rooms, for purchase to inter-
ested consumers sitting at home. The
added flexibility in such a market allows
consumers to submit their budgets for
every subset of items they are interested
in to the retailer who considers this input
from all the customers, and aims at com-
ing up with an item-pricing strategy that
maximizes the revenue. A typical exam-
ple would be how to set the nightly rate
for rooms in a hotel so as to maximize
the revenue achievable from customers
who submit their budget for the entire
duration of intended stay. There is an ob-
vious tradeoff on how to price the items:
pricing cheaply implies a large volume
of sales as many people will be able to
afford their preferred subsets of items,
but the revenue from each item sold is
small; pricing high increases the revenue
from each sold item, but reduces the
volume. The optimization problem that
arises from such tradeoff is quite com-

- plex and inherently non-linear. In the

- case when the supply of each item is lim-
* ited, an added complication is sometimes
mandated by the requirement to have a

- fair allocation of items to customers, in

- the sense that it might be necessary to

. raise the prices of certain items to en-

sure that there is enough supply, so that

© customers who can afford to purchase
- their preferred subsets at the announced
- prices are granted these subsets.

The complexity of these kinds of

problems translates into hardness of

© approximation; that is, under plausible
- complexity assumptions, there exist in
- general no polynomial-time algorithms
: with good approximation ratios for the
optimal profit-maximizing pricing. In

© joint work with Parinya Chalermsook,

Danupon Nanongkai, and He Sun, we

- made an attempt at overcoming this

- inherent difficulty, in one basic variant
of the problem, by focusing on the more

- realistic situation in which the considera-
* tion sets that the customers are interest-
- ed in satisfy a certain geometric restric-

© tion. In particular, instead of looking at

a full generality where each consumer

C considers any set of items S, it is rea-
sonable to assume that each consumer

- has some criterion in mind for each at-
. tribute of the item, and her consideration

set consists of any item that passes all

- her criteria. This natural assumption has
* been a model of study in other fields

such as marketing research, healthcare

: economics and urban planning. It is re-
ferred to as the attribute-based screening
- process. Assuming there are d-relevant

- attributes, consumers and items are rep-
- resented by points in the d-dimensional

Euclidean space, and the consideration
set S¢; of consumer C is the set of item-

- points that dominate the point corre-

sponding to C in every attribute; see the

- figure below. Examples of attributes for

. a customer buying, say, a car, are horse-
. power, engine size, number of doors, etc.

Each consumer C declares her budget

- B¢, and once the prices are declared,
- among all the items in the consideration

set Sc, the cheapest one with price at

" most Bc is purchased.

N
X X
X X S
C
X X
X X
.
-
x =ltems

@ =Consumers

- Consideration set

We showed that the low dimensio-

nality of the consideration sets arising

- in this pricing problem does lead to im-
- proved approximation ratios, by present-
. ing sublinear-approximation algorithms

for the above variant of the problem.

Our algorithm is obtained by combining

- algorithmic pricing and geometric tech-
- niques. These results suggest that con-

sidering geometric aspects might be a

. promising research direction in obtaining
© improved approximation algorithms for

such pricing problems.
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Query Complexity: From Theory of Evolutionary Algorithms to Mastermind

How much do I need to know about :

: a problem to be able to solve it optimally?
© This question is not so much of an algo-
rithmic nature, but rather pertains to the
. area of query complexity, which (together
- with communication complexity and cod-
. ing theory) considers the fundamental
problems of the handling of information.

However, almost every child knows
- a simple problem of query complexity,

- namely the game Mastermind. In this

© game, a player tries to guess the secret
color code that the other players have ar-
- ranged out of four pegs with six possible
- colors. With each guess, the first player

- learns the number of positions where the
© guess agrees with the secret code, but
not which positions those are. The chal-
- lenge in Mastermind is to find the secret
- code, using this limited information, in

- as few guesses as possible.

: Computer science is interested in

- problems of query complexity for various
- reasons. One is that query complexity

- is clearly a fundamental measure of the

- difficulty of obtaining sufficient informa-
tion about an unknown object. It is thus

- a central concept in theoretical computer

science.

Mastermind: an everyday example from the area of
query complexity

In addition to a foundationally-

based interest, there are also practical
grounds for the investigation of query
complexities. Evolutionary algorithms
and other randomized heuristics attempt
to solve problems using generic methods.

- They have no access to an explicit prob-

lem statement; instead, they obtain in-
formation about the underlying problem
only by generating and assessing possible
solutions. Therefore, an evolutionary al-
gorithm for a problem cannot be better
than the corresponding query complexity.

Confidentiality issues can also lead
to query complexity problems, the focus
here naturally being that the unknown
information cannot be discovered through
the queries. An example of such a prob-
lem is the comparison of genetic data.
Nobody wants their genetic information
to be accessible to others. Therefore, in
the comparison of two genome sequenc-
es, for example, only vague information
about the similarity of the two sequences
is disclosed. Just as in the Mastermind
game, the question is again posed, how
much of this vague information would
suffice for the gene sequence to be un-
locked.

Aside from fundamental results, our

© most recent efforts have also yielded an
entertaining result, namely the current

- best strategy for the generalized Master-
- mind game with n colors and n positions.
. While up to now different strategies

© were known for guessing the code in ap-
proximately n log(n) questions, in our

© new strategy, approximately n log(log(n))
- questions suffice. Even though this does
- not yet definitively solve the problem

(the best lower bounds imply that one

needs at least n questions), our result is
- nonetheless a great advance on a prob-
* lem that has fascinated mathematicians
- and computer scientists for more than

30 years.
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Optimality in Matching Problems

Matching is a fundamental concept
in computer science. Besides having nu-
merous applications, its study has led to
many important advances in polyhedral
combinatorics, graph theory, and algo-
rithm design.

In a matching problem, we are
given a graph with a set of vertices and
edges. We want a matching, which is a
subset of the given edges where none
of these edges share an endpoint. More-
over, the matching should satisfy certain
optimality criteria (often depending on
the applications). We discuss a few com-
mon optimality criteria and our obtained
results below.

Matching under preferences: stability
and popularity

Suppose that a set of boys and girls
are given, each with a preference over
the members of the other sex. Ideally, we
would like to have a “good” matching —
a matching in which the boys and girls
would be happy with the current situa-

capture the “goodness” of a matching is
that of the stability: a matching is stable
if no two persons strictly prefer each oth-
er to their assigned girlfriend/boyfriend.
How to find a stable matching in this

problem. This problem has many impor-
tant applications in real world, the most
famous one being the NRMP program

in the United States, where the medical

residents are assigned to the hospitals.

Another possible optimality condi-
tion is that of the popularity. A match-
ing is more popular than another if more
people prefer the former to the latter.

A matching is popular if there is no
matching more popular than it. Roughly
speaking, popularity can be regarded as
a sort of “global” stability: that is, we
want a situation in which the majority
of the people prefer the matching.

We remark that both popular

: matchings and stable matchings are very
© active research topics. Every year many
research papers are published discuss-

- ing various aspects of them. In particular,
- just recently, Alvin Roth and Lloyd Shap-
- ley have been awarded the Nobel prize
©in economics for their work on stable

matching and market design.

We show that finding a popular

- matching of the maximum size can be

- done in polynomial time and a generali-
zation of the stable matching problem,
- called classified stable matching, can

- be solved in polynomial time as well.

: Maximum weight matching:
. approximate approach

In the maximum weight matching

- problem, we want the sum of weights of
. edges in the matching to be maximum.

© The most traditional and important mo-
tivation of maximum/minimum weight

* matching is the assignment problem,

- one of the fundamental combinatorial
tion. One possible optimality condition to : optimization problems. In this problem,
. there are a number of workers and the
same number of tasks. Any worker can

© be assigned to perform some task, with

- different costs/benefits. It is required to

- perform all tasks by assigning exactly one
context is often called the stable marriage ' (yorker to each task in such a way that
the total cost of the assignment is mini-
- mized or the total benefit is maximized.

If we represent every worker and

. task by a vertex in the graph, and the
weight of the edge between a worker and
- atask is the cost/benefit of assigning the
© worker to the task, it is easy to see that

- the assignment problem is equivalent to

. the minimum/maximum weight matching
© problem. Note that such a graph is bipar-
tite, but there are also motivations to find
 maximum matchings in general graphs,

- which will greatly complicate the algo-

. rithm.

Although the maximum weight

* matching problem has been studied for

- decades, the computational complexity

- of finding an optimal matching remains

© quite open. We gave the first lincar-time
algorithm for computing the approximate
* maximum matching in general graphs,

- which can achieve an arbitrarily small

: approximation ratio.
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Informatics is, firstly, a discipline of basic
research that deals with universal compu-
tation and problem-solving methods and
investigates fundamental properties such
as correctness and complexity. Secondly,
it also resembles an engineering science
that supports a great variety of different
applications. The development of software
fulfills many functions in this context. It is
subject to basic research, the outcome

of the implementation of new results from
basic research, as well as the product of
an engineering effort for the solution of a
concrete application problem. Software is
thus an inherent part and a connecting link

in informatics research.

At the Max Planck Institute for
Informatics, this philosophy has been

© implemented with great success since
the founding of the institute. All depart-
- ments and groups work to implement

- the results of their basic research efforts
. into practical software systems and make
them available to science and industry.

- There is a considerable number of soft-

- ware systems, developed in all depart-

: ments and groups at the institute, that

© have found their way into the scientific
community and that are used in research
© in many places around the world. Most

- of our software is distributed as free open

source software. In some cases, however,
start-up companies have been founded

to further develop, distribute, and sell
. the software.

The clever implementation of

© mathematical models and algorithms
into executable software is an important
- research subject. Algorithms that show

- nice mathematically analyzable run time
. and storage space worst case properties

(so-called asymptotic complexity dimen-
sions) are not necessarily efficient when

- implemented on modern computers, par-
- ticularly on current distributed comput-

. er hardware. Properties of communica-
tion, processors, storage and magnetic

- disks as well as the characteristics of real
- data must be appropriately considered

- in the software’s design if complex soft-

. ware systems are to be successfully ap-
plied in practice. When we succeed in

- building a software system for a newly

- developed method, the system in turn

. provides valuable information on relevant

special cases, meaningful generalizations

of the problem investigated, or the meth-
* ods used.

The articles with a research focus

- on “Software” are a cross-section of our
. activities. The article “RDF-3X — Fast

Searches for Semantic Data”, page 91,

- describes the pattern matching search

- for information in the WWW (World

: Wide Web). The software system goes
far beyond the mere textual search used
- today. The article “EpiExplorer and Rn-

* Beads: Integrative Analysis of Epigenomic
- Data”, page 90, presents two software

systems from bioinformatics that enable

the study of DNS characteristics. The

- article “Markerless Performance Capture”,
- page 92, describes a system that captures
: movements, without there being explicit

: markings on the people, and then pro-
duces a movement model that can be uti-
- lized for further visualization or analysis.

- What all three software systems have in

: common is that they are able to filter and
process relevant information for individ-

ual applications from huge amounts of in

© part “noisy” data.
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EpikExplorer and RnBeads: Integrative Analysis of Epigenomic Data

Our DNA encodes how our cells
behave and what they look like. However,
there is a multitude of additional layers
of control that determine the fate of a
cell. Chemical modifications of the DNA
itself (such as DNA methylation) or its
molecular scaffold (such as histone mod-
ifications) regulate the ways in which the
DNA is packed and processed in the nu-
cleus of the cell, and thus are responsible
for the cell’s biological properties (pheno-
type). Two software packages developed
at the Max Planck Institute for Informat-
ics facilitate the interpretation and inte-
gration of such epigenetic layers of mo-
lecular information: EpiExplorer allows
for an integrative view and interactive
exploration of genomic and epigenom-
ic features based on technology that has
been developed in the context of internet
search engines for searching information
in a fast and intuitive fashion. RnBeads
is a comprehensive software package
supporting the analysis of experimentally

obtained DNA methylation data.

EpiExplorer: A tool for the efficient
search and comparison of genomic and
epigenomic features

Recent technological advances are
leading to an explosion in the amount
of quantitative biological data available
for a large number of individuals and cell
types. Major bioinformatics challenges
include the integration of many hetero-
geneous datasets comprising sequence
information on the molecular architec-
ture of the packed genome (chromatin)
and on its epigenomic regulation as well
as facilitating the discovery of molecu-
lar interrelations between genomic and
epigenomic features. EpiExplorer is a
web-based tool that enables scientists to
explore a multitude of large datasets in a
fast and intuitive fashion. EpiExplorer’s
key strength lies in supporting explora-
tory hypothesis generation using a broad
range of genome-wide data analyses per-
formed in real time over the Internet.
The tool integrates a variety of genomic
and epigenomic maps and helps scien-
tists identify landmarks along the genome
sequence characterizing regions in the
genome that are of particular interest.
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- EpiExplorer facilitates fast, interactive searches in genomic and
. epigenomic maps and visualizes them in an intuitive fashion.

- EpiExplorer uses a versatile text index-

- ing scheme in order to perform compre-
© hensive analysis and visualization over
the web in a matter of seconds. Datasets
- can also be compared quantitatively and
- users can incorporate their own datasets
" into the analysis.

Comprehensive analysis of DNA methyla-
: tion data using RnBeads

DNA methylation comprises an
important layer of epigenomic regulation
- of genomic programs and is probably the
- best studied of all epigenomic marks.
. It is a major contributor to embryonic
: development, and aberrant methylation
patterns have been associated with com-
© plex diseases like cancer. Various experi-
- mental assays have been developed for
. genome-wide analysis of DNA methyla-
© tion patterns. RnBeads is a software
package that enables both wet lab scien-

- tists and computationally inclined scien-

© tists to run the entire analysis pipeline

© on data originating from DNA methyla-

- tion experiments: Experimental biases
- can be detected and DNA methylation
- fingerprints can be quantified, visualized

. and compared. For instance, genomic

regions that exhibit differential methyla-

- tion fingerprints in cancerous tissue com-

pared to normal cells can be identified

- and annotated with biological knowledge.

. Genomic regions of interest can be ex-

- ported to EpiExplorer where comparison

- with other (epi)genomic maps is facili-
- tated. While RnBeads’ default workflow

. requires no expert knowledge, due to its

 modular design it is also highly configur-

- able for custom analysis. The tool gen-

. erates comprehensive and interpretable
. results in HTML format, thus facilitating
© easy tracking and comparison of analyses

- as well as exchanging results with collab-

. oration partners.
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RDF-3X — Fast Searches for Semantic Data

. Semantic data

RDF-3Xis a database system to

: manage and search for semantic data,
that is, data which contains information

- about relationships between objects. Such
- relationships are ubiquitous. For example,
- a book has one or more authors, a protein
. takes part in specific reactions and a user
of web 2.0 web pages has connections to
- his friends. These relationships between
- things, or, more abstractly: Entities, to-

- gether with the entities themselves, form
. anetwork or graph structure. Using for-

. mal semantics associated with it, the
data graphs form semantic networks,

" i.e., networks which allow for automatic

- reasoning.

A data format, which was specially
designed for graph-structured data, is the
" Resource Description Framework (RDF).

* An RDF data collection consists of tri-

- plets, each of which corresponds to an

© edge and an associated node pair in the
data graph. A triplet consists in RDF

* writing of a subject, a predicate and an

- object. In the graph, this corresponds

- with the “predicate” labeled edge from

© subject to object. There are edges in the
example <id1, bornOn, 1859>, which

- express that the subject “id1” is associ-

- ated with the name Arthur Conan Doyle,
- born in 1859. Further edges, such as
C<idl, authorOf, id2>, <id 1, bornln, Edin-
burgh> and <Edinburgh, is in, Scotland>
. demonstrate that the object “id2” is writ-
- ten by id1, that id1 is born in Edinburgh,
- and that Edinburgh is in Scotland.

© Search in RDF graphs

: Also, complex relationships can
be formulated relatively simply with this
- kind of notation. The simplicity and

- flexibility, which is achieved through the
- graph structure of the data, leads to the
© fact that RDF searches are relatively
expensive. Search queries are normally

- formulated in a query language such as
SPARQL, for example, and describe a

- pattern that must be searched for in the
© data. If one searches, for example, for
the title of books by Scottish authors,

- one can describe this with the following
- triple pattern:

author <bornln> Zcity
Zcity <locatedIn> Scotland
Zauthor <authorOf> ?book
¢book <titel> ?titel.

The parts beginning with question
marks are individual variables whose

© values must be determined by database

systems. The portion in brackets is the

- value given as search conditions by the

user. In order to answer this query, the
database system must find all triples that
fulfill the patterns of the query. Because
the data graphs are very large, there can
be many millions of candidate triples,
making efficient searches very difficult.

The database system we have de-

veloped, RDF-3X (RDF Triples Express),

approaches these problems on several
levels. First, the data itself is stored
appropriately, so that individual triple

. patterns can be efficiently evaluated. We

have compressed the data and indexed
it using search trees, so that any triple

* pattern can be evaluated very quickly.

But this is not enough, however; the
users are mostly interested in larger inter-
relationships and thus pose queries with
linked triple patterns. Therefore, we map
such interrelated queries into execution
strategies using algebraic operators and
choose the ones that can be expected to
have the lowest execution time from the
different execution alternatives. The dif-
ferent alternatives are assessed, and then
the most efficient alternative is chosen

- with the assistance of statistical models.

For the example query, one must estimate

- whether there are more authors or more

cities in the data set, and how this affects
the execution time. A careful choice of
the execution strategy can often acceler-
ate the query processing by a factor of
10 or more.

Arthur Conan Doyle

Name
1 / Title
authorOf

Efficiency and scalability

Searching in semantic data is al-

ready difficult for even relatively small

- graphs because the graphs frequently

- show no known structure (i.e., they

- follow no schema). Despite this, it was

- important for us to use RDF-3X not only
for small data graphs, but also to make

- sure that it scales efficiently to very large
- data sets with billions of edges. One big
- challenge is updating such large data sets,
© i.e., inserting new data and, if necessary,
removing old data, all without having to
- stop the whole database. Over time, we
- have therefore incorporated many tech-
- niques, such as Sideways [nformation

© Passing and Triple Versioning in RDF-3X
in order to scale to such data sizes. In

- experimental comparison with other

- systems, RDF-3X usually performs ex-

- tremely well. Even for complex queries

. with many triple patterns, RDF-3X is
frequently much faster than other

. systems.
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+49 681 9325-5007
Email neumann@mpi-inf.mpg.de
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Markerless Performance Capture

The ability to capture detailed mo-
tion data from real people or from techni-
cal processes is of critical importance in
many application areas of commerce and
science. In medicine or biomechanics,
motion capture is used to measure the
success of a treatment or the efficiency
of a sequence of movements. Motion
capture is also applied in product design
and in ergonomics research, for example
to draw conclusions about the usability
of technical devices. Today it is even
used in onboard systems in vehicles, for
example to recognize pedestrians and
their movements in the vicinity of an au-
tomobile. Moreover, motion capture pro-
cesses are used in the film and computer
game industries. Virtual actors (avatars)
are fundamental components of special
effects and virtual 3D worlds.

With respect to commercially-avail-
able motion capture methods, marker-
based optical methods are, as a gener-
al rule, the state of the art in industry.
These processes are invasive, since cer-
tain markers need to be brought into the
scene. The use of these systems is cost-
ly and time-consuming. In many cases
these methods cannot be applied, for ex-
ample when it is not possible to actively
intervene in the scene.

With support from the Federal
Ministry of Economics and Technology
(BMWi) through its EXIST Transfer of
Research (EXIST-Forschungstransfer)
program, our team, consisting of Dr. Nils

- Hasler, Dr. Carsten Stoll, MsC Michal

. Richter, and our mentor, Prof. Dr. Chris-
tian Theobalt, develops software for the

- markerless reconstruction of human

- movements from normal video images.

- First, the skeletal movement is computed
© using a new, very robust and also fast ap-
proach. This represents the video images
- and the tracked person through implicit

- functions, and then attempts to reconcile
- these. In contrast to industrial methods,

© this approach requires neither markers
nor explicit silhouettes. Thus, it is pos-

- sible for us to capture the movements of
- people wearing everyday clothing. This is
. especially important for motion capture
of athletes or virtual actors.

* Phone

. Phone

The markerless tracking method

- we have developed is qualitatively so-

. phisticated and comparable to marker-
based approaches. It is, however, clear-

- ly more flexible and works without as

* many restrictive constraints. Thus, the

- new method functions without a green

© screen, and without synchronization

of the cameras, while at the same time

- being faster than all of the markerless

1 ¢ tracking processes from the literature.

- In addition, the characteristics that (with
. a greatly increased runtime) gave earlier
approaches an accuracy advantage, for

- example feature tracking and implicit

* stereo reconstruction, can be integrated
- in the new method. In this way, in addi-
© tion to the skeletal movement, a 3D sur-
face reconstruction of the person can be
- captured (so-called performance capture).
* Here a complex optimization consisting

- of a combination of multi-view stereo

. and shape-from-shading is carried out.
This enables the temporal reconstruction
o of the movements of loose clothing or

" folds.

1 CONTACT

* Nils Hasler
‘ DEPT.4 Computer Graphics

+49 681 9325-4055

Email hasler@mpi-inf.mpg.de

Carsten Stoll
. DEPT.4  Computer Graphics

+49 681 9325-4004

Email stoll@mpi-inf.mpg.de
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The International Max Planck Research

School for Computer Science (IMPRS-CS)

The training of young scientists is fundamental to the future of science, research, and innovation
in Germany. The Max Planck Society, in cooperation with German universities, has launched an
initiative to promote young scientists: the International Max Planck Research Schools (IMPRS).
They offer especially gifted German and foreign students the possibility to earn a doctorate
within a structured program that provides excellent conditions for research. The aim is to

strengthen the recruitment and training of young scientists.




Promotion of young scientists
The IMPRS-CS is an opportunity

. for young scientists and scholars who
are between the bachelor’s or master’s

- degree and the PhD. This includes

- first-class training programs, academic

- specialization, often with thematic link-
© ing of individual doctorates, and close
collaboration between doctoral students
- and their academic advisors.

: One focus is on international

© cooperation: The IMPRS-CS strives
especially to attract foreign applicants

- to doing doctoral studies in Germany,

- familiarize them with the research in-

© stitutions, and arouse their interest in

© future work at or in cooperation with
German research institutions. Over 50

* percent of our doctoral candidates come
- from abroad, with the largest contingent
. coming from Bulgaria, China, India and

Poland.

IMPRS-CS programs

Together with Saarland University
and the Saarbriicken Graduate School
of Computer Science, the IMPRS-CS
offers programs to establish graduate
level competency and also to achieve a
doctoral degree. All graduate programs
are offered in close cooperation with the
Max Planck Institute for Informatics,
the Max Planck Institute for Software
Systems and the Department of Com-

© puter Science at Saarland University.
© The projects are jointly supervised by the

scientists of the Max Planck Institutes
and their colleagues in the Department
of Computer Science at Saarland Univer-
sity. Outstanding knowledge of English

is required for all candidates.

Financial support
IMPRS-CS students receive a

. scholarship which covers fees, living
expenses, and health insurance cover-

- age for themselves as well as for their

- spouses and children who accompany

- them. In addition, we assist our students
© in finding accommodation and with
administrative matters of all kinds.

- We offer English and German classes

- at several levels, joint activities, and

+ excursions.

. CONTACT

- Jennifer Gerling
- IMPRS-CS

Phone  +49 681 9325-1801
Email jgerling@mpi-inf.mpg.de
Internet  http://www.imprs-cs.de
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- This section contains an overview of the important events of the past year: activities to promote
young talent, appointments and awards, prestigious scholarships earned by institute members,
cooperations, and important events surrounding the Max Planck Institute for Informatics. Signifi-
cant events in 2012 included the successful evaluation of the International Max Planck Research
School for Computer Science (IMPRS-CS) and the visit of the Indian Consul General, who chose

* our institute for his inaugural visit to Germany and was impressed by our sustainable Indo-
German Max Planck Center for Computer Science (IMPECS). The VERIDIS agreement, which was
signed in August, is the first INRIA project with joint French-German leadership. The year ended
with a symposium held on the occasion of the 60t birthday of Prof. Dr. Lengauer, Director of the

Department of Bioinformatics.
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Prizes, Honors, Awards

Eurographics

EUROPEAN ASSOCIATION FOR COMPUTER GRAPHICS

Professor Hans-Peter Seidel, Head
of DEPT. 4 for Computer Graphics has
received the Eurographics Distinguished
Career Award 2012 from the European
Association for
Computer Graphics
for his pioneering
scientific contribu-
tion to the field of
computer graphics
as well as his pro-
minent role in the

training and support of young university
lecturers in Germany and Europe.

The Eurographics Distinguished

Career Award, which is presented every
two years, is the most prestigious com-
puter graphics research award in Europe.
Seidel was the first German scientist to
receive this award.

.':'rirnpdn:)&
= e

)

Professor Hans-Peter Seidel was
appointed as member of The Academy of
Europe (Academia Europaea). The aim
of Academia Europaea is the promotion
and interaction of science and research
throughout Europe.

Ay

N, | Bayerische

t%b Akademie der Wissenschaften

Professor Kurt Mehlhorn, the

- founding director of the MPI-INF and
Head of DEPT. 1 for Algorithms and
: Complexity, has been appointed as Cor-

responding Mem-

ber by the Bavarian
Academy of Scienc-
es and Humanities.
The academy, which
is one of the oldest
in Germany, does
not specialize in

© particular fields or subjects but is com-
mitted to broad interdisciplinary com-

- munication.With this appointment,
 Mehlhorn, who moved to Saarland in

. 1974, gained another connection to his
. birthplace.

- WISSENSCHAFTSRAT :

- Saarland University and head of a re-

Professor Gerhard Weikum has

- been reappointed as member of the Ger-
- man Council of Science and Humani-

. ties for three years. According to its own

understanding, the
German Council

of Science and Hu-
manities ‘provides
advice to the Ger-
man federal govern-
ment and the state

(Léander) govern-

- ments on the structure and development
- of higher education and research.’

© 24 scientists and 8 public representatives
are appointed by the German Federal

© President and serve on two commissions
- that constitute the German Council of

. Science and Humanities. The formation
© of the council dates back to 1957. Ever
since, it has provided impetuses for the

- development of higher education in the
- Federal Republic of Germany. In addition :
. to its advisory role, the council is a deci-
© sion-making body on topical issues such
as the accreditation of private universi-

- ties and participation in the Excellence
- Initiative.

The Academy of Sciences and Lit-

© erature Mainz has included Professor
Gerhard Weikum as full member of the

- Class of Mathematics and Natural Sci-
- ences, following a decision of its meet-

: ing on November 9, 2012. The academy,
: which was founded in 1949 by former
members of the Prussian Academy of

- Sciences, in its position as responsible

- body for research projects, is committed
. to the promotion of science and preser-
vation of culture.

. DAGM

= m Bl Deutsche Arbeitsgerneinschaft
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Christian Theobalt, a professor at

. search group in the Department for

Computer Graphics
at the MPI-INF
was awarded with

the German Pattern
Recognition Prize
2012, a major award
for early-stage re-
searchers. The Ger-

- man Working Group for Pattern Recogni-
© tion honored Theobalt for his excellent
and ground-breaking work in the field

- of 3D reconstruction based on camera

- pictures and video sequences as well as

- for trend-setting papers on the theme of
© motion capturing without markers. The
award is bestowed annually and includes
- prize money of 5,000 euros.
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. Google Research Award

Google
|| Faculty Research Awards

Hannah Bast, former PhD student

© under the supervision of Kurt Mehlhorn
and postdoc in DEPT. 1 has been hon-

- ored with this year’s Google Research

- Award. Up to now, only 42 candidates

- have been awarded this prize worldwide;
© eight of whom were European. With al-
most 1 million U.S. dollar, it is one of

- the highest awards presented by Google.
- During her time at the MPI-INF, Hannah
- Bast spent one and a half years as a re-

© searcher at Google, where she developed
a procedure for accelerating the route

- planning of public transport networks.

- Since 2009, she has been a professor of
: computer science at the University of

© Freiburg, where she was been offered the :
© chair of Algorithms and Data Structures. :::

Lise Meitner Award

: This year, the Lise Meitner Award,
- which MPI-INF presents to early-stage
. female researchers in the field of com-

" puter science, has been given to Anna

- Otto Hahn Medal

Matthias Hullin, DEPT. 4, was
- awarded the Otto Hahn Medal 2011
. for the “Development of New Procedures
: for the Measurement and Reproduction
of the 3D Geometry and Reflectance of
- Real Objects”. With this award, the Max
- Planck Society honours young scientists
- and researchers for outstanding scientif-
© ic achievementswithin the scope of their
doctoral thesis.

. Eurographics PhD Award
Tung 0. Aydin, a PhD candidate

- under the supervision of Prof. Seidel in
DEPT. 4, until 2011, was honored with
- the Eurographics PhD Award 2012 for

- his disseration on “Human Visual System
. Models in Computer Graphics”.

Bertram Somieski

Adamaszek of the University of Warwick.

- The award includes a tax-free two-year

- research stay at the MPI-INF and re-

© search funds. She is continuing her stud-
" ies on algorithms under Kurt Mehlhorn

© (DEPT. 1).

. Dr. Eduard Martin Award

: Gerard de Melo, DEPT. 5, received
© the Dr. Eduard Martin Award 2012 for
his dissertation on “Graph-based Methods
* for Large-Scale Multilingual Knowledge

- Integration”. The award is presented by

. the Saarland University and bears the

© name of the long-standing director of the
incorporated association “Friends of Saar-
- land University” (“Vereinigung der Freun-
- de der Universitit des Saarlandes”). Each

. year, the award is given to the best early-

. stage researchers at Saarland University. :::

Personal Data

. Professorships offered

Over the past year, professorships

were offered to a number of early-stage
© researchers.

- Panagiotou, Konstantinos | DEPT.1

: University of Munich

Baumbach, Jan | DEPT.3

- Southern Denmark University

Doerr, Benjamin | DEPT.1
. Ecole Polytechnique, Paris

| Theobald, Martin | DEPT.5
© University of Antwerp

 Hose, Katja | DEPT.5
University of Aalborg

 Elbassioni, Khaled | DEPT.1
© Masdar Institute of Science
: and Technology in Abu Dhabi

. Friedrich, Tobias | DEPT.1
© University of Jena

. Megow, Nicole | DEPT.1
TU Berlin

. Hermelin, Danny | DEPT.1
: Ben Gurion University

. Spéhel, Reto | DEPT.1
: Bern University of Applied Sciences

. van Zuylen, Anke | DEPT.1
College of William and Mary
- Williamsburg (VA)

. Lasowski , Ruxandra | DEPT.4
- Furtwangen University
Thorméhlen, Thorsten | DEPT.4
- University of Marburg

© Miiller, Meinard | DEPT. 4

- University of Hrlangen

© Sauerwald, Thomas | DEPT.1
© University of Helsinki

. Elbassuoni, Shady | DEPT.5
© American University of Beirut

Wabhlstrom, Magnus | DEPT.1
© Royal Holloway University
- of London
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Personal Data

New Senior Researchers in 2012

Five young scientists were appoint-
ed as Senior Researchers due to their
excellent work:

Olga Kalinina | DEPT.3
Structural Bioinformatics
of Protein Interactions

Nicole Megow | DEPT.1

Combinatorial Optimization &

Graph Algorithms

Antti Oulasvirta | DEPT.4

Human- Computer Interaction

Thomas Sauerwald | DEPT.1

Randomization and Load Balancing

Fabian Suchanek | RG.2
Otto Hahn Group, Ontologies

Fellowships

Fellowships are used in many ways

© to directly support researchers or scien-
tists and have become an integral part

- of contemporary academic education.

- Depending on the sponsor and purpose,
- fellowships provide minimum support

© or meet the entire financial needs of the
beneficiaries, and sometimes even of a

- work group including PhD candidates

- and postdocs. The duration of fellow-

- ships and the requirements to be met by
. beneficiaries vary widely. Some fellow-
ships are held in such high esteem that
- they significantly advance the recipients
- careers. At the MPI-INF, six young sci-
- entists are currently supported by such
. excellent fellowships.

In 2012, Ivo lhrke of DEPT. 4 and

. the MMCI, as well as Nicole Megow

- and Konstantinos Panagiotou, both of

- DEPT. 1, have been admitted to the
Emmy Noether Program for the sup-

- port of outstanding early-stage research-
- ers. Each of them will be supported by

- the program for five years. They are given
. the possibility to employ their own PhD
© candidates, for example. The benefi-
ciaries had applied for the program with
- the following themes: “Plenoptic Image

- Acquisition and Projection: Theoretical

. Developments and Applications” by Ivo

© Thrke; “Models, Algorithms and Complex-
ity for Scheduling Under Uncertainty: On
" the Tradeoffs between Performance and

- Adaptivity” by Nicole Megow. The title

- of Konstantinos Panagiotou’s project is

© “Real-world Networks and Random Graph
Models”. Ivo Thrke is supported with a

* total of 1.2 million euros.

Artur Jez, postdoc of DEPT. 1,

successfully applied at the Alexander von
- Humboldt Foundation. He was admitted
* to a Humboldt Research Study, which

- he will pursue for of 22 months from

. February 1, 2013.

Since 2011, Carola Winzen, DEPT. 1,

has been supported with a Google Euro-
- pean Doctoral Fellowship by the Google
. Foundation.

Over the year 2012, the following

- three PhD candidates at MPI-INF were
- on fellowships sponsored by the Siemens
- AG: Claudio Magni of DEPT. 1, Ching

- Hoo Tang of RG. 1 and Mohamed Yahya
- of DEPT. 5.

Three further PhD candidates have

- earned doctoral fellowships from Micro-
© soft: Martin Suda of RG. 1, Elena Tretyak :
- of DEPT. 2 and Xiaokun Wu of DEPT 1. ::: :

Bertram Somieski
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Non-academic Activities

. Patents

At times, the basic research at the

Max Planck Institute for Informatics pro-
- duces results that can be directly exploit-
- ed for commercial purposes. If the results

Topic

A Clipping-free Algorithm for Efficient
HW-Implementation of Local Dimming
LED-Backlight

Videoscapes: Exploring Sparse,
Unstructed Video Collections

Method and System for Tracking an Object
in a Sequence of Digital Video Images

A Perceptual Mode for Disparity

Method and Apparatus for Encoding High
Dynamic Range Video

A Luminance-Contrast-Aware Disparity
Model and Applications

Apparant Display Resolution
Enhancement for Moving Images

Backward Compatible High Dynamic Range
MPEG Video Encoding

A System for Automatic Material
Suggestions for 3D Objects

Spin-offs

The work on the analysis and

- editing of motion pictures done by the

- group around Prof. Christian Theobalt,

© DEPT. 4, has been widely covered by
the media. Moreover, it has attracted the
. attention of the movie industry, which

- is interested in using this technology

- of capturing and quickly editing video
sequences for commercial purposes.

- prove a high level of inventiveness, it is
possible to apply for a patent on a new
- invention. The table below provides an
* overview of the activities concerning

Activity

Assignment / exploitation agreement

Invention reported

Invention reported

Patent management and exploitation

agreement

Patent extension

Invention reported

Patent application and license agreement

License agreement

Invention reported

Establishing a business enterprise out-
- side the Max Planck Institute appeared
- to be the best way to transfer this tech-
- nology to the market place.

Dr. Nils Hasler, Dr. Carsten Stoll

and Prof. Christian Theobalt have suc-
- cessfully applied for initial public fund-
- ing by “EXIST-Forschungstransfer”, a

© patents, licenses and inventions for the
o Max Planck Institute for Informatics in
* the year 2012.

Persons involved

Karrenbauer

Kim / Theobalt / Tompkin / Kautz

Stoll / Theobalt/ Seidel

Ritschel / Eisemann /
Myszkowski / Seidel

Mantiuk / Krawczyk / Myszkoski /
Seidel

Didyk / Eisemann / Ritschel /
Myszkowski / Seidel / Matusik

Didyk / Eisemann / Ritschel /
Myszkowski / Seidel

Efremov / Mantiuk / Krawczyk /
Myszkowski / Seidel

Jain / Thorméahlen / Ritschel / Seidel

- support program of the German Federal
© Ministry of Economics and Technology,
© for the purpose of founding a company.

For details, refer to page 92: “Markerless
- Performance Capture”.

Bertram Somieski
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Cooperations

| VISUAL
| COMPUTING
| INSTITUTE

Intel Visual Computing Institute

Three years ago, the IVCI was
founded as the largest Intel research
institute in Europe. As there is a higher
density of computer scientists in Saar-
land than anywhere else in the world,
Intel decided that Saarbriicken was the
right place for its new institute. The
IVCI is headed by a Governance Board
on which Intel and its four Saarland-
based partners (Saarland University,
the DFKI and both Max Planck Insti-
tutes — MPI-INF and MPI-SWS) are
equally represented. For an initial period
of five years, twelve million euros have
been provided by the high-tech enter-
prise. The projects are selected by a
specially established steering commit-
tee, with Prof. Christian Theobalt as
the representative from the Max Planck
Institute for Informatics. Two of his
projects, “Markerless Motion Capture”
and “User-centric Video Processing”, are
carried out within the Intel Institute.
Moreover, Dr. Michael Wand, DEPT. 4,
with his “Symmetry-based Shape Process-
ing and Analysis” project and Dr. Thorsten
Thormihlen, also DEPT. 4, with his pro-
ject “3D Reconstruction Using Active Illu-

mination” are all heads of project groups

at the IVCI. [www.intel-vci.uni-saarland.de] :::

Bertram Somieski

impecs

. Indo-German Max Planck Center for Computer Science

The “Indo-German Max Planck

. Center for Computer Science” (IMPECS)
was inaugurated on February 3rd, 2010

- at the Indian Institute of Technology in
- Delhi (II'T Delhi) by then German Fed-
- eral President Horst Kéhler. By encour-
© aging close cooperation between Indian
and German scientists, the center seeks
" to promote excellent basic research in

- the field of computer science. Joint re-

. search, exchanges between PhD candi-
dates and postdocs, a Max Planck visit-
- ing professorship and a large number of
- workshops and schools are intended to

- foster the collaboration. For an initial

: period of five years, the IMPECS will
be funded by the Max Planck Society

- (MPG), the German Federal Ministry

- of Education and Research (BMBF) and
- the Indian Department of Science and

: Technology (DST).The board of directors
consists of Kurt Mehlhorn (MPI-INF)

- and Rupak Majumdar (MPI-SWS) from
- the Max Planck Society and Naveen

- Garg (IIT Delhi) and Manindra Agrawal
(II'T Kanpur) from India.

Approximately ten Indo-German

- research groups are funded by IMPECS.
. From the Indian side, any university/in-

© stitute can apply to become a partner,
whereas German applicants are required
" to be partners of the MPI for Informatics
- or the MPI for Software Systems. Cur-

. rently, eight binational research groups
are receiving support and further groups
- are welcome to apply.

The IMPECS allows for an active

: exchange between postdocs and students
in both directions. In summer 2011, the
- Max Planck Institute for Informatics was
- visited by Prof. Manindra Agarwal of

- 1T Kanpur, Humboldt Research Award

- laureate, over a period of several months.
In fall 2011, Prof. Helmut Seidl of TU

* Munich spent two months at the IS¢

- Bangalore.

Furthermore, the IMPECS co-

financed the “Complexity Theory” work-
* shop in Kanpur and the “Recent Trends
- in Algorithms and Complexity” in Mysore.
- For further information, refer to the web-

. site [www.impecs.org].

Bertram Somieski
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Science Tunnel

The Max Planck Science Tunnel

- addresses the megatrends of the 21st
century. Which areas of research are

. currently being explored? In what fields
- does science address forthcoming chal-
. lenges and how? The name “Science

© Tunnel” is derived from the exhibition
concept that, unlike classic exhibitions,
* confronts the visitor with an environment
- with vertical limits. The Science Tunnel
. is a traveling exhibition, which is open
in its current form to the public in Pa-

- derborn. The Heinz Nixdorf Museums-
. Forum, which is dedicated to the Ger-

- man computer pioneer, Heinz Nixdorf,

. has been chosen as the first location to

hold the exhibition. On October 18th; the

- third version of the Science Tunnel was
- launched and in March 2013, the next

- stop will be Moscow.

Eight modules reflect on scientific
(universe, matter), social (energy, soci-
- ety, life sciences, health) and cognitive
(brain, complexity) themes.

: Two MPI-INF themes have been
- added to the “complexity” module of
Science Tunnel 3.0.Under the motto
“Learning from nature”, systems intelli-
© gent and capable of learning will be ex-
hibited and analyzed. An exhibit titled

" “Language made from stone” presents the
- work of Art Tevs and Michael Wand,

. both of DEPT. 4, on automatic pattern
recognition inside scanned 3D objects.

- The algorithms developed by computer

graphics experts are capable of recording
and analyzing huge 3D scans of entire
cities and creating new models of cities
on the basis of the recognized patterns,
due to the learning capacity of pattern
recognition systems. For this purpose,
the algorithms analyze characteristics
(analogous to words of a language) and
typical structures (analogous to the gram-
mar of a language) of the patterns. They
learn, so to speak, the “language of the

. patterns’.

“Virtual Mirror Cabinet — The Real
time Reshaping of Humans” by Michal
Richter and his colleagues, also of DEPT.
4, uses video sequences to show new
methods of real-time video editing: Dif-
ferent characteristics of the human body

can be changed using a simple slider.

. The visitors can see directly on the com-

. puter screen how their legs are becoming

longer, their muscles stronger, or their
hips leaner, while moving in front of the

camera.

On the occasion of the inauguration
of the Science Tunnel, Prof. Thomas
Lengauer, head of DEPT. 3, was asked
to deliver one of the introductory lectures
at the site of the new exhibit. On No-

- vember 29, Thomas Lengauer lectured

on “Hunting the virus — How using the

computer to fight AIDS”.

[www.sciencetunnel3.de].
Bertram Somieski
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Software Campus

Software Campus, an initiative

: committed to supporting future computer
. science graduates in becoming leaders in
. the German IT industry, was launched in

2011 and fully established in 2012.

The topic “Robust 3D Reconstruc-

tion from Visual Data”, which was sug-

- gested by Christian Kurz, has gained

- acceptance in the evaluation commission
: and has won Bosch in Stuttgart Schwie-
berdingen as an appropriate industrial

partner. The aim

of the project is to
develop a market-
suitable interactive
application toper-
form 3D reconstruc-
tion of everyday’s
objects based on

images, videos, and other visual data.
To achieve this, Christian Kurz will be
- funded with up to 100,000 euros over

- the next 12 to 15 months. Maintaining
- close contact with the scientific partners
- and mentors at the industrial partner is
equallz as important important for the

- success of the project. In order to pre-

- pare them for a potential leading posi-

© tion, the participants of Software Cam-
© pus are provided with intense training
and access to people in senior manage-
‘ ment positions.

Bertram Somieski
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New Max Planck Institute for Software Systems Building Inaugurated

“Computer Science Plaza” completed

On October 15, 2012 the new insti- -

tute building of the Max Planck Institute
for Software Systems was ceremonially
inaugurated. Now all researchers of the
MPI-SWS based in Saarbriicken are un-
der the same roof and the years of being
dispersed across the region are over.

Rupak Majumdar, Managing Direc-
tor of the MPI-SWS, thanked the state

government of the Saarland, the Max

Planck Society and, last but not least, the

construction crews for the new six-story
research building. Not only the scientists
of the Max Planck Institute for Software
Systems but also parts of the staff of the
Joint Administration of MPI-INF and
MPI-SWS have offices in the new building.

Inntausa

fa .
“ ¢ cost around 17 million euros. It provides
SEMSSSLE  office space for 185 employees. The

Managing Director of the MPI-SWS, Rupak Majumdar * structure of the MPI-SWS building is
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The new, large lecture hall is

. equipped with 178 seats and state-of-the- :
. art media technology. It is used by both
institutes. For example, the “Joint MPI-

- INF/MPI-SWS Lecture Series” is held

- there on the first Wednesday of each

- month. At these events, senior research-
ers from both institutes hold lectures to

- a broad audience of experts on the latest
- state of research. The MPI-INF research
© group “Automation of Logic” has moved to
. the top floor of the new building. :

The building in Saarbriicken, had

- structed on the “Computer Science Plaza
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Photo: Johannes-Maria Schlorke

© characterized by a high level of func-

tionality and is in line with the concept

- of concept to foster communication and
- cooperation. Open and interconnected

. structures allow for targeted and casual
encounters, while diagonals and tapers

- eliminate strict right angles. For the time
- being, this will be the last building con-

- on the campus of Saarland University

and is designed to complement the ar-

© chitecture and contribute to the com-
- pleteness of the existing buildings. The
- construction of the building was made

Bertram Somieski
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- possible by the Saarland’s gorvernment. :::

Consul General of the Republic of India

Inaugural visit to Saarbriicken

On January 19, 2012, Shri Taranjit
Singh Sandhu, consul general of the Re-
public of India and based in Frankfurt/
Main, paid his inaugural visit to Saar-
briicken. Besides issues regarding the
economic collaboration between India
and the Saarland, he was especially inter-
ested in the living conditions of the In-

dian citizens of the Saarland. After a short

visit to the German Research Center for
Artificial Intelligence, he was welcomed

- at both Max Planck Institutes. There he

- was informed about scientific collabora-

- tion and working conditions. All Indian

- scientists and students of the two insti-

. tutes were invited to a joint discussion. :::

Bertram Somieski
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New Scientific Advisory Board

: The Max Planck Society is mainly
. funded by the German federal and state
governments. However, it is exclusively
obliged to strive for scientific excellence
* in science, which is checked and evalu-
- ated on a two-yearly basis by the Scien-
- tific Advisory Board for each institute.

© The Scientific Advisory Board is com-

posed of leading scientists from the fields

. The Scientific Advisory Board's visit in 2011.
- The next visit will be on May 14th and 15th, 2013.

- of research in which the respective insti-
- tute specializes. New members are regu-
- larly appointed to the Scientific Advisory
© Board: The maximum term of office of
each member is six years, which is why

© new members were also appointed for

- the Max Planck Institute for Informatics

- for the term beginning in 2013.

We thank the following for their service
- inthe last term:

Prof. Pankaj Kumar Agarwal of Duke
- University, Prof. Douglas L. Brutlag of

. Stanford University, Prof. Joseph M.

© Hellerstein of Berkeley University, Prof.
© Friedhelm Meyer auf der Heide of the

- Heinz Nixdorf Institute and the Com-

- puter Science Department of Paderborn
- University, Prof. Eugene Myers of the

© Howard Hughes Medical Institute,
Prof. Frank Pfenning (Chairman of the

- former Scientific Advisory Board) of

- Carnegie Mellon University, and Prof.

. Claude Puech of INRIA Paris and Paris

: University.

- The new members of the Scientific
: Advisory Board, appointed by the Presi-
- dent of the Max Planck Society, are:

- Prof. Travor Darell of Berkeley University,
- Prof. Nir Friedman of the Hebrew Univer-
© sity of Jerusalem, Prof. Pascal Fua of the
EPFL of Lausanne, Prof. Jiirgen Giesl

- of RWTH of Aachen, Prof. Alon Halevy

- of Google Research of Mountain View,

- California, Prof. Yves Moreau of Leuven
. University, Prof. Nicole Schweikardt

© of Frankfurt University, Prof. Frangois
Sillion of INRIA of Grenoble Rhone-

- Alpes and Prof. Emo Welzl of ETH Zu-

- rich. They will complement the existing

© members Prof. Yannis E. loannidis of

© Athens University, Prof. Eva Tardos of
Cornell University and Prof. Demetri

- Terzopoulos of Los Angeles University. :::

Christoph Weidenbach

Journalists’ Journey to the World of Computer Science

European journalists visit campus of Saarland University

From March 28 to 30, more than
 a dozen European journalists informed

: themselves on the latest research and
development in the field of computer

- science and adjoining research fields in

- Saarland. The journey “How Computer

- Science and Materials Science are improv-
©ing the world” took them to all institutes
relevant to the field of computer on the

- campus of Saarland University science.

- Keeping to a tight schedule, representa-

- tives of all participating bodies presented
© their organizations and research themes.
Thomas Lengauer, who presented the

* topic “Bioinformatics Support of HIV

- Therapy — Spearheading Personalized

. about the topic “Cars learn to see and
o predict” familiarized the journalists with
© some important research interests at the

MPI-INF. Thorsten Thormihlen

. and Christian Theobalt complemented
 the selection of topics of our institute
with the talks “Hollywood-style 3D Ani-

- mations for Everyone” and “Optical Perfor-
- mance Capture”.

It was for the second time since

2008 that representatives from the field

- of computer science in Saarland had in-
- vited journalists to the journey through

: computer science. Journalists from all

© over Europe may participate if they are
members of the EUSJA umbrella organi-
- zation (European Union of Science Jour-
- nalists’ Association). This year’s partici-

. Medicine”, and Bernt Schiele, who talked : pants represented the whole spectrum
© of the media: daily newspapers, radio
stations and magazines of science and
- technology as well as online media.

After visiting the Computer Science

section of the campus, the journalists

- were invited to stay overnight in Dagstuhl
- Castle — Leibniz Center for Informatics

- where they were informed on-site about

© the activities of the Material Engineering
Center Saarland. 3

Bertram Somieski



INRIA Research Project VERIDIS

Framework agreement on Franco-German project signed

On August 28, 2012 Prof. Karl
Tombre and Prof. Stephan Merz, on be-
half of the French side, and Prof. Kurt
Mehlhorn and Prof. Christoph Weiden-
bach, on behalf of the German side,
signed the framework agreement on the
VERIDIS research project of INRIA
(Modeling and Verification of Distri-
buted Algorithms and Systems).

Binational and multinational pro-
jects are not uncommon in the scientific
community. However, VERIDIS is the
first project in the history of the French
state-owned computer science research
organization INRIA (Institut National
de Recherche en Informatique et en
Automatique) where one of the partner
groups involved is not from France. The
group around Prof. Stephan Merz from
the INRIA location in Nancy and the
group around Prof. Christoph Weiden-
bach of the Max Planck Institute for

Informatics intend to do research on

- the verification of distributed algorithms
- and systems in a joint effort. While the

© French group contributes great expertise
in the modeling and interactive verifica-
© tion of such systems, the German group
. is one of the world’s leaders in automat-

ably less manual effort.

- ed verification procedures. The intention
- behind combining the two approaches is
© to make it possible in the coming years

© to verify the properties of distributed

. systems more quickly and with consider-

Christoph Weidenbach

Guests from ENS Cachan

40 French students attend lectures and workshops

The ENS (Ecole Normale Superieure)
schools in France constitute the elite
universities for France’s young scientists.
As part of their training, the students
spend one semester at another university
or do their doctorate at an external insti-
tution such as the Max Planck Institute
for Informatics.

For more than 20 years, we have
maintained contact with ENS in Cachan
near Paris, and students of ENS have
regularly been guests at the MPI-INF
and in the Computer Science Depart-
ment in Saarbriicken. On January 26,
2012 we again received 40 students of
ENS Cachan under the guidance of Dr.
Sylvain Schmitz. Prof. Kurt Mehlhorn
provided an overview of the computer
science hub in Saarbriicken; afterwards,
the students participated in six different
workshops and took the opportunity for
discussion with the lecturers. B8

Christoph Weidenbach

- Workshops:

- Prof. Dr. Holger Hermanns:
-, Dependable Systems and Software"

Dr. Khaled Elbassioni:

-, Combinatorial Optimization”

. Prof. Dr. Markus Bliser:
- ,Computational Complexity”

- Prof. Dr. Bernd Finkbeiner:

. Reactive Systems"

- Dr. Sebastian Altmeyer:
. Programming Languages and Compiler
. Construction”

Prof. Dr. Christoph Weidenbach:

. Automation of Logic”




101 Training 2012

Strict and demanding program prepares students for Olympiad in Informatics

The Max Planck Institute for Infor-
© matics, together with the German Fed-
©eral Ministry of Education and Research,
the German Informatics Society (GI),

- and the Fraunhofer IuK Group, consti-

- tute the responsible body of the German

. National Computer Science Competition

[BWINF, refer to http:// www.bwinf.de/]. We are
especially committed to preparing suc-

- cessful students in a national competition
- s0 as to qualify them for international

. competitions. This is why we, together
with Dr. Pohl, manager of the BMWINF,
- also organized the final selection and

* training for the 2012 International

- Olympiad in Informatics (IO1).

: From January 12th to 15th | Pawel

- Gawrychowski, former trainer of the

- Polish [OI-team and current researcher
- at the MPI-INF, and Patrick Klitzke,

© former successful Olympiad participant
and now student of computer science

" in Saarbriicken, trained the six selected
- students. As is the case every year, the

: program was strict and demanding,

* lasting from nine o’clock in the morning
until late in the evening. We are very

- grateful to the organizers from Schloss

- Dagstuhl for providing us with accommo-
. dation and infrastructure at short notice.

A typical challenge of the Olympiad

" in Informatics consists of first, develop-
- ing an algorithm to a problem, and then
- faultlessly implementing it. The partici-

. pants are required to have background

. knowledge that extends even to topics
only taught in graduate courses, for ex-
- ample, Tarjan’s linear algorithm for find-
- ing the biconnected components of a

- graph. The training incorporates not

- only finding solutions to such problems,
but also subsequent discussion of the

. participants’ solutions and, thus, the

- acquisition of new knowledge and the

- learning of new methods.

The concept of the workshop aims

" not only to help the participants be suc-
- cessful at the Olympiad, but also to
© excite them about computer science

. research. For this purpose, academic

© presentations and discussions comple-
mented the 10I-specific training. This

* time, the topics addressed were “Better

- Algorithms by Chance?” by Prof. Markus
- Blaser, “What is Quantifier Elimination?”
© by Dr. Thomas Sturm, and “How do
Modern SAT Solvers Work?” by Prof.

- Christoph Weidenbach.

The Olympiad was held from Sep-

© tember 23t to 30th, 2012 on Lake Garda
in Sirmione-Montichiari, Italy. Tobias

. Lenz earned a silver medal, and Julian

- Labeit received a bronze medal.

Christoph Weidenbach
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MPC-VCC Review

Scientific Advisory Board impressed by excellent scientific work

-

Max Planck Center

for visual computing and communication

The Max Planck Center for Visual
Computing and Communication, see
page 26, was established by the German
Federal Ministry of Education and Re-
search (BMBF) to address the particu-
lar career-development needs of young
scientists and is located at both the Max
Planck Institute for Informatics, Saar-
briicken, and the School of Engineering
of Stanford University. During the sup-
port period, the junior group leaders have
to develop their research themes, super-
vise PhD candidates and become inde-
pendent scientists. Each year, the Max

- Planck Center meets with its Scientific
. Advisory Board.

For the annual report to the Sci-

- entific Advisory Board, all university in-
- structors working as mentors for junior
- group leaders as well as all junior group
. leaders with their PhD candidates and
scientific advisors meet and discuss the
- state of the support program and its re-
- search results.

This year, Saarbriicken was the

. venue for the annual review meeting.

- For almost a whole day, the junior group
: leaders held 13 excellent speeches, in

© which they explained the state and out-

look of their work. This was followed by
- a presentation by the PhD candidates of
- approximately 30.

The members of the Scientific

Advisory Board were impressed by the

- variety of themes and by how the mem-

- bers of the Max Planck Center had coop-
- erated with each other. They especially

. praised the outstanding excellence of

* the achieved scientific work.

Bertram Somieski

Saarland Company Race

The “Planck Quanten” place in top quarter

In 2012, enthusiastic runners from
the Max Planck Institute again partici-
pated in the Saarland Company Race,
which attracts thousands of runners each
year. Within the scope of this big event,

which took place on June 28, the runners

were to run a 5 km-long circuit through
the town center of Dillingen. Seven teams
of four runners each from the Max Planck

MPI runners before leaving for the company race

- Institute of Informatics had registered

. for the challenge: The “Fire-Breathing
Dragons” and the “Planck Quanten”

. teams with the numbers 1 to 6 ran in

- the mixed-team category, respectively.

. The “Planck Quanten 6” team took 2415t
place out of 1129 in that category.

Bertram Somieski



CeBIT 2012

Great media interest in the field of computer science in the Saarland

Each year, the CeBIT attracts all

- kinds of visitors, from ordinary men and

© women to scientific experts. It is the
event where the latest products and de-

* velopments in the field of information

- technology are shown, and national as

. well as international companies present

. themselves and their products. Students,
pupils, and housewives are as common

- on the CeBIT as are peers, business part-

- ners, and competitors.

As in the previous years, the Max
o Planck Institute for Informatics shared
- the “Saarland” stand with other present-
- ers. Together with staff of the German
Research Center for Artificial Intelli-
gence, the Computer Science Depart-
- ment of Saarland University, and the
Center for I'T-Security, Privacy and Ac-
- countability as well as other institutions
© from the Saarland University campus
location, MPI researchers presented the
- results of their scientific work to interest-
- ed members of the public. In Exhibition
- Hall 26, which had the motto “The Labo-
* ratory”, the Saarland stand showed a mix
of exhibits from diverse fields of basic
- research. As is tradition, representativers
- from the state government of the Saar-

land, led by its Prime Minister Annegret
Kramp-Karrenbauer, toured the CeBIT
itsself and observed the excellent work
on display. Two exhibits shown at the
CeBIT 2012 presented research results
from the MPI-INF. “Markerless Motion
Capture” by Dr. Nils Hasler and Prof.
Christian Theobalt, DEPT. 4, showed
how human movements can be recon-
structed on the basis of video data.

The work group developed a pro-

- cedure to reconstruct movements in

. real time without using any markers or

special backgrounds (greenscreens).
“3D animation a la dream factory Holly-

© wood for everyone” was the title of the

- exhibit shown by the group of scientists
. around Dr. Thorsten Thormihlen. The
presented software uses freely available
- or low-priced databases that contain

- computer-readable representations of

- three-dimensional objects. They can

© be changed and extended easiely, and
transferred into each other in a step-

* by-step approach. Thus, they allow for

- defining new 3D characters. Ambitious
© home users canbe successful in the
animation of characters a la Toy Story

- with this software. As in the previous

- years, the exhibits of the Saarland stand
. attracted great media interest.

Bertram Somieski
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Meeting of the Curatorship Board

Members of the Curatorship Board informed themselves about state of institute

For the Max Planck institutes, super-

visory boards offer a means to present the :

scientists work to representatives of the
general public. The Curatorship Board
of the Max Planck Institute for Informat-
ics is composed of high-level representa-
tives from executive, industrial, research,
academic, and media organizations. The
members of the Board are responsible
for conveying the intention of the insti-
tute and fostering the trust of the public
in autonomously organized and funded
research. Due to their many links within
society, they are able to give advice on

how to strengthen the location and on the -

strategic orientation of the organization.

On February 29, 2012 the Curator-
ship Board of the MPI-INF had its an-
nual meeting. Led by Chair Prof. Wolf-
fried Stucky, the Curatorship Board in-
formed Peter Jacobi, Saarland Minister
for Economic Affairs and Science, and
Prof. Margret Wintermantel, Chair of
the German Rector’s Conference (HRK),
among about the state of the institute. In
his report, Prof. Bernt Schiele, Managing

© Director of the MPI-INF, presented the
© scientific achievements and personnel

- sized that the institute receives continu-
. ous feedback on its acceptance within the
society and the interest of the public due
- to the voluntary activity of the members

- of the Board. Prof. Kurt Mehlhorn re-

- ported on the efforts and progress made

© by the work group which deals with the

. establishment of spin-offs.

The young professionals, Rainer

Gemulla, Michael Sagraloff, Fabian
: developments of the last year. He empha-

Suchanek und Tino Weinkauf displayed

- their latest results as examples of cutting- :
- edge research. Theywere awarded certi-

. ficates by Prof. Stucky appointing them

as senior researchers. At the subsequent
- poster session, young researchers of the

- MPI-INF showed the latest research re-
- sults in condensed form.

Bertram Somieski

Evaluation of IMPRS

Great result ensures further funding

In July 2012, the International
Max Planck Research School for Com-
puter Science (IMPRS-CS), also see the
IMPRS-CS article on page 94, was eval-
uated by a team of international experts.
Within the scope of a large poster ses-
sion, the PhD candidates of the IMPRS-
CS answered the reviewers’ questions.
These ultimately testified to the excel-
lence of the IMPRS-CS: The quality of
the PhD candidates and their research
work as well as the individual counseling
were praised.

- The reviewers especially underlined the
. exemplary cooperation between the
Max Planck Institute for Informatics

- and Saarland University. Due to very

- favorable judgment, the Max Planck

- Society decided to continue funding

: the IMPRS-CS for six more years.

Gerhard Weikum




60" Birthday of Thomas Lengauer

MPI-INF holds colloquium in honor of Thomas Lengauer

On the occasion of Prof. Thomas

. Lengauer’s 60th birthday, the Max Planck

* Institute for Informatics and the Center
for Bioinformatics Saar invited to a cele-
- bratory colloquium, which was held in

- the Giinther Hotz Lecture Hall on No-

- vember 16, 2012. Professors Kurt Mehl-
horn of the MPI-INF, Burkhard Rost

- of TU Munich, and Volkhard Helms of

- Saarland University/Bioinformatics were
- full present to praise the scientific work
. of Thomas Lengauer. They pointed out
that Prof. Thomas Lengauer is capable

- of getting things moving and taking things
- forward more quickly than most others.
They said that he had started a new sub-
© ject in science every ten years and had
made contributions at a global level.

Six guest speakers outlined the
- field of bioinformatics in their speeches.
* Three of them, Niko Beerenwinkel,

© Christoph Bock and Matthias Rarey,
who now themselves hold chairs, were

- formerly PhD Students under Thomas

- Lengauer’s guidance. Three further ex-

- perts from the field of computer science,
: Eugene Myers, Burkhard Rost, and

Thomas Lengauer with former Bioinformatics PhD students

: Martin Vingron, completed the group of

- speakers. In condensed form, the audi-
ence was lectured on a wide selection

- of topics from Bioinformatics on an inter-
* national level.

Bertram Somieski

ADFOCS 2012

Summer School for early-stage and leading scientists

Each year in summer, young algo-

- rithm experts meet in Saarbriicken for

. the Max Planck Advanced Course On

* the Foundations of Computer Science

. (ADFOCS) at the MPI-INF. From

- August 13 to 17, more than 50 Master’s

- and PhD students gathered to improve

. their knowledge of theoretical computer
. science. Guided by He Sun of DEPT. 1,
the young scientists were to listen care-

- fully and practice diligently over a period
- of five days. In 2012, the organizers were
. again able to attract internationally re-

* nowned lecturers:

Luca Trevisan of Stanford University,

- Berthold Viscking of RWTH Aachen,

- and Avi Wigderson of Princeton who

- delivered outstanding lectures followed

© and seminars.

Prof. Kurt Mehlhorn launched this

. annual educational event in 2000 to bring

young scientists into close contact with

- leading scientists outside the normal

- teaching environment. It is the lecturers’
© task to include current research topics in

- the lectures and seminars. The ADFOCS
- has now taken place 13 times, which re-
- flects the sustained interest in this sum-
mer school. [www.mpi-inf.mpg.de/conference/
- adfocs/index.html]

Bertram Somieski
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VTSA 2012

World-class researchers teach at school for PhD candidates

The universities of Luxembourg
and Liege, the INRIA research institutes
in Nancy, and the Max Planck Institute
for Informatics take turns organizing the
VTSA, the Summer School for “Verification
Technology Systems and Applications”,at
their locations every year. The idea behind
the school for PhD candidates [http://www.

mpi-inf.mpg.de/vtsal2/] is to give students the

possibility to extend their knowledge and
exchange views with leading researchers
in the area of verification.

The Max Planck Institute for In-
formatics hosted the Summer School in
2012, from September 3rd to 7th, which
makes it more of a “fall school” than a
“summer school”. The organizers were
once again successful in convincing
world-class researchers to hold courses
for the summer school:

- Prof. Carsten Schiirmann of the Univer-
. sity of Copenhagen gave a lecture on

© “Logical Frameworks”, Prof. Armin Biere
of Linz University talked about “Un-

- derstanding Modern SAT Solvers” and

- Prof. David Monniaux of the Verimag

- research institute, which is located at

: the Grenoble University, explained the

basic ideas of “Abstract Interpretation”.

Prof. Jiirgen Giesel of RWTH Aachen
- expounded the current approaches to
. “Automated Termination Analysis”, and

- Prof. Ahmed Bouajjani of Université

© Paris Diderot gave an introduction to
the “Verification of Concurrent Programs
- under Weak Memory Models”.

The lectures were accompanied
by talks by PhD candidates on the topics
o of their doctoral theses, leaving time
* afterwards for them to discuss their work
- with the experienced researchers.
: Christoph Weidenbach
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Computer-Science Research Days 2012

Challenging and supporting gifted pupils of computer science

Every year, the Max Planck Insti-

- tute for Informatics, in collaboration with
© the Computer Science Department of
Saarland University and the German Re-
- search Center for Artificial Intelligence

- (DFKI), organizes the Computer Science
. Research Days for gifted pupils.

: In 2012, the winners of the Ger-

- man Federal Competition in Computer

- Science (“Bundeswettbewerb Informatik”)
- as well as two students from each school

© in Rhineland-Palatinate who had the best

Abitur (final exams taken at the end of

- secondary school in Germany) results

- and computer science as one of their

© main subjects were invited to the event,

which took place from July 19th to 20th,

- The students were given the opportunity

. to become acquainted with, and actively
© participate in, current research themes
within the Max Planck Institute, the

. Computer Science Department, and the
- DFKI.

The participants spent the first

evening getting to know each other while
© bowling. They then attended lectures on
- specific themes, such as “Time analysis”,

© but also current lectures from the curric-
: ulum of computer science, like “Program-
ming I1". At different workshops, the

" participants were given the opportunity

- to build and subsequently test, e.g.,

- 3D scanners, or learn how to convert a

* simple webcam into a game controller.

- The group work covered all areas of com-

. puter science, from the fundamentals

of computer science, to programming

- and networks, to graphics and computer
© vision; there was something for everyone.

The motto of the Computer Science

© Research Days is: “Challenging and sup-
porting”. With this event, the Max Planck
- Institute for Informatics, the Computer

- Science Department of Saarland Uni-

- versity, and the DFKI aim to fill young

© people with enthusiasm for the subject
of computer science as well as discover

- and support the development of new

- talent.

Jennifer Miiller
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THE INSTITUTE IN FIGURES

The Institute in Figures

Budget without third-party funds 2009 to 2012
% Personnel expenses [ Material expenses Promotion of young scientists Investments

11,000

10,000

9,000

8,000

1,000

Staff Current as of 1/1/2013 Ratio of scientific to non-scientific
staff members Current as of 1/1/2013

12 Guests

Non-scientific staff

Scientific staff not
including Bachelor
121 and Master students

Scientific staff

Postdoctoral staff
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Third-party funding from 2009 to 2012

Federal government

2009

6,500

6,000

5,500

5,000

4,500

in 1,000 Euro

Numbers and distribution

Other

Other

Machine Learning

Machine Learning

. Ind. partnergroup
¢ TN McHardy
IMPRS

TN McHardy
IMPRS
Industry

. ooy

" DF6

Industry
DFG

Federal government

2010

58 projects 53 projects

Third-party funding from 2009 to 2012

" Ind. partnergroup

Other

Other vpECS

Ind. partnergroup

IMPECS

Ind. partnergroup
TN McHardy

IMPRS

EU

Otto Hahn Group
{ IMPRS

Industry

Federal government

Federal government

2012

201 59 projects 59 projects

. Revenues

CONTACT

Volker Maria Gei

Joint Administration

+49 681 9325-7000
geiss@mpi-inf.mpg.de

Phone
Email



Information Services and

Technology

Unhindered global cooperation and commu-
nication in a motivating environment form the
basis for an institute whose aim is to produce
first-class research. The flexibility, quality
and reliability of the equipment as well as

its usability make a decisive contribution to

this research.

This aim can be transferred to our
IT infrastructure: We operate a versatile
system that can adapt to rapidly evolving

© requirements and provide the user with
- consistency and reliability. It does not

neglect security, despite the openness
necessary to support international coop-

. eration.

Multiplicity of tools

Research on the front line in com-

* puter science often implies using innova-

tive systems from various sources, includ- -

© ing prototype and cross-platform setups
© in hard- and software. As a consequence
- we deploy hardware from various manu-
- facturers, as well as all major operating

systems: MacOS for clients, Solaris for

© file servers and Linux and Windows for

o client and server systems. User data and

the most important software packages are

- available independently of platform and

OS. This homogeneity eases the use of

these heterogeneous systems.

Automation as a guarantee for reliability

Regular updates and upgrades of
software and hardware for all supported

- platforms pose substantial demands on

the reliability of the installation and ad-

© ministration. The mere variety of hard-
- ware and software components precludes
- image based installation approaches. In-

stead, we use an extensive, automated

and partly self-developed package-based
© installation system that is designed to take

" individual requirements into account.

Once implemented, results can

be repeated as required and used very
- quickly across the whole infrastructure.
- This implementation work requires ef-
- fort and, in some cases, slows down the
. realization. The advantages for operat-




ing security, total expenses and time until
larger changes are ready, however, clearly
outweigh this disadvantage.

The system is flexibly structured,
so it can be customized to suit changing
requirements (such as hardware require-
ments) quickly through specific extensions
of the installation system. However, it is
only used for repetitive tasks. Short-lived
special installations are done manually.

Security and protection

Fixed mechanisms which protect
© against sabotage and espionage are not
© possible in open systems. They limit us-
ability to too great a degree. The security
guidelines can therefore be nothing more
than a compromise that flexibly follows
the requirements.

Some direct hazards can be deflect-
ed through the structure of the network,
the firewall, the encryption for external
access, or virus scanners. Indirect hazards,
such as the connection to virus-infected
computers in the Intranet or faults in
externally acting software systems, must
be combated through keeping our local
software installations and virus scanners

continuously up-to-date.

Operational reliability

Power supply and cooling are de-
signed in such a way that server opera-
© tion can be maintained, even during a
© power outage. A generator with a power
output of roughly one megawatt guaran-
tees uninterrupted operation of the core
infrastructure even during big outages.

A monitoring system based on
Nagios (open source) provides informa-

tion on critical states of the server sys-
tems and the network, and on malfunc-
tions of complex processes via e-mail and

text messaging.

Cooperation and communication

Our network is divided into various
areas according to organizational and secu-
rity-relevant points. Externally accessible,
but anonymous services (DNS (Internet
address book), WWW, FTP (data trans-
fer), SMTP (e-mail), etc.) are combined
at the institute’s firewall in several demil-
itarized zones (DMZs), which are differ-
entiated according to their meaning and
their hazard potential.

Guest scientists and students can
connect their own devices by wire or
via WiFi. The network infrastructure
automatically treats them as external

machines.

International cooperation demands
external access to internal resources in
the infrastructure (Intranet). Here, we
offer secure login and access to e-mail,
important databases and other services.
Cooperation in software development
is supported by protected access to a
revision control database (software re-

pository: Subversion).

This logical structure is spread over
a 10 GB backbone and various floor and
data center switches. The backbone is
extended with Gigabit and 10 GBit leased
lines to each of our locations and several
partners on the campuses in Saarbriicken
and Kaiserslautern. Internet connectivity
is realized with a 2.6 GB connection to
the German National Research and Edu-
cation Network (DFN) that is used jointly
with the university in Saarbriicken.

Workstations and notebooks are
powered via their floor switch with
Gigabit Ethernet. Central servers, server
farms and compute clusters are using
1 GB or 10 GB connections according to
their bandwidth requirements. Besides
workstations and notebooks, most of
these connections are set up to be fail-
safe via multiple redundant lines.

Compute Service
We operate several larger systems
that work with up to 64 closely coupled

. processors and have up to one terabyte

of main memory. These machines are
used for scientific research and applica-
tions which require high parallelism and
uniform access to a large main memory.

Our largest cluster to date, with
128 systems with 8 cores and 48 GB
main memory apiece, was brought into

operation in mid-2010. It is operated
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under the Grid Engine (GE). The auto-
matic distribution of processes on the
clusters’ individual computers allows us
to reach high utilization on the whole
system. We may flexibly integrate the
above-mentioned larger systems into this
system. In order to allow their optimal
distribution, jobs are categorized accord-
ing to their specific requirements. The
prioritization of specific processes helps
with the appropriate and fair distribution
of resources across all the waiting jobs.

File service and data security
The roughly 150 TB data of the

institute is made available via NFS and
CIFS (SMB). About 20 file servers dis-
tribute the volumes of about 60 RAID
systems with more than 3000 disks. All
RAID systems are connected to a redun-
dant Storage Area Network (SAN). In
order to prevent data loss due to a failed
RAID system, the RAID volumes are op-
erated in a paired mirroring by the ZFS
file system. ZFS utilizes checksums to
protect data against creeping changes.

It decides during the read operation if

a data block is correct and if not, which
mirrored half should be used to correct
it. This implies as well that time consum-
ing file system checks prior to the access
of the data may be skipped. File systems
are inspected during normal service
operation.

The two mirrored halves are accom-
modated in at least two different fire com-
partments, so that a fire would have little
chance of causing data loss, even at the
deepest level. Three file servers apiece
share a view of the disk status and can

substitute for one another within a very

addresses and SAN technology. This also
allows for server updates without any
perceivable interruptions to service.

Our data security is based on two

- different systems: a conventional tape

. backup, which secures the data directly
using Tivoli Storage Manager (TSM) on

- atape robot (StorageTek), and an online
- disk backup system that minimizes space
- requirements by using data comparison

: and always keeps the data online (open
source system BackupPC). Because no

- data in this system is actually held with

- unnecessary redundancy, about 615 TB

. of gross data can be reduced to about

© 36 TB in the different backup runs. In
order to combine the benefits of disk and
- tape technologies, we will combine this

- system with the tape robot in the future.

The tape robot currently has the

ability to access 700 tapes with a total
* capacity of 700 TB (uncompressed). The
- robot is located in a specially-prepared
: room to maximize the protection of its
© high-value data. In the next construction

- phase, the system will be extended to a
short period of time using virtual network :

second robot that can then operate at a

- remote site to protect the data against
. disaster situations. This is at least cur-
. rently achieved offline through the stor-

. age of copies in a special fire-safe data

. safe or at a second site.

- Special systems

For special research tasks, espe-

. cially in the area of computer graphics,
diverse special systems are required.

- Available systems include a video edit-

- ing system, several 3D scanners, multi-

- video recording systems and 3D projec-
. tion systems. External communication
and collaboration is supported through

- the operation of several videoconference
- installations.

Flexible support of scientific projects

The described services, servers and

© computing clusters are deployed for many
- scientific projects in very different sce-
narios, sometimes even in international

: collaborations such as the ‘CADE ATP
System Competition’ [http://www.cs.miami.

* edu/~tptp/CASC/]. In order to meet the vari-
- ous resulting requirements, IST offers

- specifically tailored degrees of support
that extends from pure server hosting in


http://www.cs.miami.edu/~tptp/CASC/
http://www.cs.miami.edu/~tptp/CASC/

- individual cases to applications support.

- The division of tasks is in most cases

- dictated by the intersection of project
requirements and the [ST portfolio. For

- problems with self-administered systems,
- however, IST only provides consultation.

Responsibilities

IT procurement, installation, admi-
. nistration, operation, applications support
© and continuation of the described systems
and techniques are the duty of IST (In-
- formation Services and Technology), a
- subdivision of the Joint Administration
. of the Institutes for Software Systems
and Informatics. Due to the cooperation
- with several departments and institutes
- of the University, IST is also responsible
- for the campus library (‘Campusbiblio-
. thek fiir Informatik + Mathematik) and
the Cluster of Excellence ‘Multimodal
Computing and Interaction (MMCI)".

IST is divided into one core and

© several institute-specific support groups.
Presented in a simplified fashion, the

© core group is responsible for services

- that are identical for both institutes or

. are even operated together. The support
© groups accordingly cover the specific
needs of the institutes and the service for

- their researchers.

- Staff structure

: In addition to management and

- procurement (two positions), the Max
Planck Institute for Informatics provides

. six scientific staff members and one tech- :

- nician, three of them to the core group.

- The core group is supplemented by three
- scientific staff members from the Max
Planck Institute for Software Systems.
There is also one employee apiece for

- additional administrative tasks to support
- the joint library and MMCI.

For their service desk, the institute’s
support group is assisted by a team of
students. They are reachable either by
e-mail or through a web interface, or in
person during business hours. In addition
to processing questions concerning the
use of the infrastructure, this group also
maintains information systems such as a

documentation wiki.

 CONTACT

Jorg Herrmann
Joint Administration
IT Department

Phone  +49 681 9325-5800
Email jh@mpi-klsb.mpg.de
Internet  http://www.mpi-klsb.mpg.de/gvw/ist.html
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10 COOPERATIONS

Selected Cooperations

German Research Center for Artifi-
cial Intelligence, Kaiserslautern,
Germany

.. Katholieke Universiteit Leuven,
Leuven, The Netherlands

Max Planck Institute for Intelligent
Systems, Tiibingen, Germany

Microsoft Research, Cambridge, UK
RWTH Aachen, Aachen, Germany

Saarland University, Saarbriicken,
Germany

Stanford University, Stanford, USA

Swiss Federal Institute of Techno-
logy, Zurich, Switzerland

::: Technicolor, Paris, France

;. Technische Universitit Darmstadt,

Darmstadt, Germany

;v Tsinghua University, Bejing, China

University of British Columbia,
Vancowver, Canada

;i University College London,
London, UK

University of California, Berkeley,
USA

BIOINFORMATICS
BioSolvel T GmbH, Sankt Augustin,

Germany

CeMM Research Center for Molecu- 3

lar Medicine, Vienna, Austria

Goethe University, Frankfurt am
Main, Germany

;. Heinrich Heine University, Diissel-
dorf, Germany

Informa s.r.l, Rome, Italy

Karolinska Institutet, Stockholm,
Sweden

Saarland University, Saarbriicken,
Germany

Stanford University, Stanford, USA

Siemens Healthcare Diagnostics,

- Berkeley, USA

University of Freiburg, Freiburg,
Germany

University of Heidelberg, Heidelberg,
Germany

University of Cologne, Cologne,
Germany

GUARANTEES

Chinese Academy of Sciences,

. Bejing, China

Google, Zurich, Switzerland
Microsoft Research, Cambridge, UK

New York University, New York,
USA

: v 'TU Munich, Munich, Germany

University of Freiburg, Freiburg,
Germany

University of Haifa, Haifa, Israel

University of Melbourne, Melbourne,
Australia

University of Oldenburg, Oldenburg,

Germany

DERI, Gahway, Ireland
Google, Mountain View, USA

Hasso Plattner Institute, Potsdam,
Germany

Hebrew University of Jerusalem,
Jerusalem, Israel

Hungarian Academy of Science,

. Budapest, Hungary

IBM Almaden Research Center,
San Jose, USA

INRIA Saclay, Paris, France
Internet Memory, Paris, France

Microsoft Research, Redmond,
USA




Paris Institute of Technology, Paris,
France

Saarland University, Saarbriicken,
Germany

Siemens AG, Munich, Germany

University of Antwerpen, Antwerpen,
Belgium

University of Patras, Patras, Greece

University of Versailles, Versailles,
France

Yahoo! Research, Barcelona, Spain

MULTIMODAL
INFORMATION &
VISUALIZATION

Delft University of Technology, Delft,
The Netherlands

Inria Rhone Alpes, Grenoble, France

Massachusetts Institute of
Technology, Cambridge, USA

Microsoft Research, Cambridge,

MIT Media Lab, Cambridge, USA
Stanford University, Stanford, USA

Swiss Federal Institute of Techno-
logy, Zurich, Switzerland

Telecom ParisTech, Paris, France
Tsinghua University, Bejing, China
University of Bonn, Bonn, Germany

University of British Columbia,
Vancowver, Canada

University College London,
London, UK

University of Glasgow, Glasgow, UK

University of Helsinki, Helsinki,
Finland

University of Magdeburg, Magdeburg,

Germany

University of St. Andrews,
St. Andrews, UK

OPTIMIZATION
Aarhus University, Aarhus, Denmark

Centre National de la Recherche
Scientifique, Paris, France

CRS, Rome, Italy

Danish Technical University,
Kopenhagen, Denmark

Indian Institute of Technology Delhi,
New Delhi, India

Indian Institute of Technology
Kanpur, Kanpur, India

INRIA Nancy, Nancy, France
INRIA Saclay — Ile de France, Paris,

France
Kiel University, Kiel, Germany

Logic4Business GmbH, Saarbriicken,
Germany

Max Planck Institute for Biological
Cybernetics, Tiibingen, Germany

Saarland University, Saarbriicken,
Germany

Siemens AG, Vienna, Austria

Swiss Federal Institute of
Technology, Zurich, Switzerland

TATA Institute of Fundamental
Research Mumbai, Mumbai, India

University of Adelaide, Adelaide,

Australia

University of Birmingham, Birming-

ham, UK

University of California, Berkeley,

University of Jena, Jena, Germany

University of Liverpool, Liverpool,

University of Sheffield, Sheffield, UK

SOFTWARE
FGAN, Wachtberg, Germany

Linkoping University, Linkiping,
Sweden

Los Alamos National Laboratory,
Los Alamos, USA

TU Dortmund, Dortmund, Germany
University of Bonn, Bonn, Germany
University of California, Davis, USA

University of Hanover, Hanover,
Germany

University of Siegen, Siegen,
Germany
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Directions

The Max Planck Institute for Informatics (Building E1 4) is located
on the campus of Saarland University, approximately 5 km north-east
of downtown Saarbriicken, in a wooded area near Dudweiler.

Saarbriicken has its own airport (Saarbriicken-Ensheim) and is well-
connected to the Frankfurt and Luxemburg airports by shuttle bus, train,
or car. There are good hourly train connections from Saarbriicken to cities
all over Germany, and trains to Metz, Nancy and Paris leave at regular
intervals. The express highways — or Autobahns — provide fast routes to
Mannheim, Frankfurt, Luxemburg, Trier, Kéln, and StraBiburg as well

as Metz, Nancy, and Paris.

The campus is accessible...

from the airport at Saarbriicken-Ensheim
by taxi in approximately 20 minutes

from Saarbriicken central train station

by taxi in approximately 15 minutes

by bus in approximately 20 minutes

direction “Dudweiler-Dudoplatz” or “Universitit Campus”
exit “Universitit Mensa”, or

alternatively exit “Universitit Busterminal”

from Frankfurt or Mannheim on Autobahn A6
exit “St.Ingbert-West”
follow the white signs for “Universitit”, leading to the campus

from Paris on Autobahn A4
exit “St.Ingbert-West”
follow the white signs for “Universitit”, leading to the campus

: "‘- 5 < university east
: J e Il \’
o P sl E multi-storey car

L |

Max Planck Institute for Informatics 4
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