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Foreword
With great pleasure, I welcome you to this brochure about our Research Training Group UnRAVeL. This Research
Training Group is now up and running since October 2017, and consists of almost 70 people. This includes 12
professors from four RWTH departments, 25 doctorate researchers, about twenty students, two coordinators
and various „external“ PhD and post-doctoral researchers that regularly visit our events.
Central aspect of this Research Training Group is how to cope with uncertainty. Uncertainty comes in different
forms: noisy sensor data, stored data in the internet whose validity is only partially known, programs (e.g.,
employed on robots) that have to run in unknown environments, and so forth. UnRAVeL primarily focuses on
taking a probabilistic approach towards treating uncertainty. We do so in developing advancements in the
fascinating field of theoretical computer science: logics, verification techniques, and algorithms. Robotics,
security, and railway engineering are the exciting application domains we consider.
Although UnRAVeL is barely alive for three years, we are extremely proud of its successes so far. UnRAVeL is an
enormous lively community: more than 100 events such as workshops, bi-weekly meetings, survey lectures, an
international conference - we had the primer of co-organising MFCS for the first time in Germany - took place
and more than 40 guest researchers provided talks on current hot research topics. With plenty of publications in
flagship and top-tier conferences, various best paper awards and software tool awards, the UnRAVeL doctorate
researchers show that high-quality research is taken place within our Research Training Group.
This brochure is intended to give you insight into who we are, what kind of research we are undertaking, as well
as a bird‘s view on UnRAVeL‘s qualification program and activities for gender and diversity.
We hope you enjoy reading this brochure!
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Facts & Numbers
Anatomy of UnRAVeL

12

12

What we offer every year
Up to 20 advanced lectures
Over 60 different events such as bi-weekly‘s, regulars‘ table, seminars or guest lectures
More than 50 publications on average each year
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Uniqueness of UnRAVeL
Nowadays, uncertainty is more and more pervasive in computer science. It is important both in big data and at
the level of events and control. Applications have to handle lots of data, often from unreliable sources such as
noisy sensors and untrusted web pages. Data may also be subject to continuous changes, may come in different
formats and is often incomplete.
Systems have to deal with unpredictable and sometimes hostile environments. A different, also inevitable,
kind of uncertainty arises from abstractions in system models focusing on the control of events. Probabilistic
modelling and randomisation are key techniques for dealing with uncertainty. Many trends witness this. Realworld modelling in planning is advancing by probabilistic programmes describing complex Bayesian networks. In
security, hostile environments are often captured by probabilistic adversaries. Probabilistic databases deal with
uncertain data by associating probabilities to the possible worlds. In systems verification, probabilistic model
checking has emerged as a key technique allowing for correctness checking and performance analysis. Similar
developments take place in logic and game theory.
The pervasiveness of uncertainty urges to make substantial enhancements in probabilistic modelling and
reasoning so as to understand, reason about, and master uncertainty. The focus of the interdisciplinary Research
Training Group UnRAVeL is to significantly advance probabilistic modelling and analysis for uncertainty by
developing new theories, algorithms, and tool-supported verification techniques, and to apply them to core
problems from security, planning, and safety and performance analysis. To tackle these research challenges,
theoretical computer scientists from computer-aided verification, logic and games, algorithms and complexity,
together with experts from management science, and railway engineering form the core of this Research Training
Group.
The qualification and supervision concept aims at offering the Ph.D. students an optimal environment to carry out
their research. Every Ph.D. student has two supervisors; the rights and duties of the supervisors and students
are laid down in a written supervision agreement. The curriculum consists of bi-weekly research seminars, softskill courses, reading groups, annual workshops, a summer school in the first Ph.D. year, and advanced guestlectures.
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Research
The research is organised in three theoretical thrusts and an orthogonal fourth thrust as outreach to practice. The
orthogonal practical thrust and three theoretical fertilise each other e.g. in that techniques from the theoretical
thrusts are applied to the area of application or the application area is used as source for the formulation of
theoretically interesting special cases. In particular these research thrusts are:
1. Algorithms and Complexity.
This thrust is focused on developing novel algorithmic concepts to treat uncertainty in input data. This covers
randomization in robust optimization, graph kernels under uncertainty, computational social choice under
uncertainty, and certification under uncertainty and randomness.
2. Verification.
The main focus of this research thrust is on developing new computer aided verification techniques for
probabilistic models and programs. This includes probabilistic hybrid systems, probabilistic model checking,
termination and run-time analysis of probabilistic programs, and model repair and parameter synthesis.
3. Logic and Languages.
This thrust aims at deepening and extending the tight relationship between mathematical logic, automata,
and games to deal with unpredictable events and uncertain data. Topics include logic on random structures,
probabilistic data base theory, descriptive complexity of probabilistic complexity classes, probabilistic logic and
logic with incomplete information, reactive synthesis of probabilistic models, and satisfiability and expressiveness
for logics with randomness and uncertainty.
4. Application Scenarios.
This research thrust focuses on practically relevant challenges in three application areas: security, robotics and
railway engineering. Topics are: logic and (symbolic) verification algorithms for analysing robot programs under
uncertainty, railway network dispatching, design and planning using robust optimization and safety analysis using
probabilistic model checking, complexity analysis and approximate behaviour analysis of secure multi-party
communication, and the verification of probabilistic distributed accounting protocols.
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Provenance Analysis for Logic
and Games
Logics with Multiteam Semantics
Formal Logic
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Left: Richard Wilke
Chair: Resaerch Group Mathematical
Foundations of Computer Science
Supervisor: Prof. Erich Grädel
Right: Katrin Dannert
Chair: Research Group Mathematical
Foundations of Computer Science
Supervisor: Prof. Erich Grädel

Hi Katrin, hi Richard. Could you please introduce
yourselves and tell us where you work?
R: I‘m Richard and we both work at professor Grädel‘s Chair of
Mathematical Foundations of Computer Science.
K: And I‘m Katrin and I also work at Erich Grädel’s Chair.
Alright. Katrin, could you sum up your topic in three
buzzwords and provide some insight on these?
K: Well, I think the most obvious buzzwords are the words that
appear in the title of my work which are „logic“, „games“ and
„provenance“. I think the main one is “provenance”, and this is a
sort of non-standard semantics for both “logic” and “games”. Now,
if we look at “logic” for instance, usually, if we have a formula, it‘s
either true or false over a given structure. With “provenance”, we
give more nuance and we track more input data. So we could
have certain confidences in atomic statements, and then with
“provenance” we evaluate the formula not as 0 or 1, but over
values in a commutative semi-ring. This allows us to compute
from confidence scores for the atoms, for example, or from a
confidence score for the formula. This you can do for different
applications, like for instance cost or other things.
I see, thank you. Richard, you also work in the area of
formal logic. How does your research differ from Katrin’s?
What is a central aspect?

R: While Katrin evaluates classical logics with different semantics,
I consider different objects over which the logic is evaluated.
These objects are called multiteams. They are based on teams,
which basically are sets of assignments. So instead of a single
assignment, as we have it in the classical logic, you have a whole
set and evaluate the formula over the set at once; or, in the case of
multiteams over a multi-set, which basically adds multiplicities for
the number of occurrences of an assignment.
Ok. So, how would a typical formula of your logics look
like for both of you and could you maybe sketch your key
interests? Katrin, would you like to start?
K: Yes. So... as Richard hinted at, a typical formula for me is not
quite the most interesting question, because I analyse logics that
already exist, and a lot of different logics. So it might be modal
logics or description logics or just first order logic, but I interpret
them differently. So, a typical statement would look something like
this:

𝜋𝜋𝜋𝜋[𝜑𝜑𝜑𝜑] = 𝑘𝑘𝑘𝑘 ∈ 𝐾𝐾𝐾𝐾
∀𝑥𝑥𝑥𝑥∃𝑦𝑦𝑦𝑦∃𝑥𝑥𝑥𝑥𝑦𝑦𝑦𝑦

� � 𝜋𝜋𝜋𝜋(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) = (1 + 0) ∗ (1 + 1)
𝑎𝑎𝑎𝑎∈𝐴𝐴𝐴𝐴 𝑏𝑏𝑏𝑏∈𝐴𝐴𝐴𝐴

So, I have this interpretation function, and then I have the formula.
The function maps this formula to some value k which is part of a
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commutative semi-ring and for instance, the way I do this is, let‘s
say I have a formula: „for all x there exists a y such that there is an
edge from x to y“. Let‘s say that I have some tiny graph here and
then I put some values to the edges.
1
1
1

can express properties about a whole multiteam at once. So as
you see here, this is an independent atom which states that the
values of x and y are statistically independent, which only makes
sense if you evaluate it over a multiteam. The formula, as you can
see, looks very similar to a first-order formula, but all the logical
connectives are interpreted differently. For example, the disjunction
allows you to split the multiteam into two parts over which the
respective formulae are then evaluated.

These are usually given by the application. If I want to count the
number of ways to prove this, I evaluate this over the natural
numbers and I give a product to the universal quantifier and a sum
to the existential quantifier. So this is a product over the elements
and this is a sum over the elements and the value I gave to E (a,b).
Then I evaluate this and get 2. The result of this formula is a natural
number that tells me how many ways I have to prove this.

So, what practical scenarios can you think of where your
research might be applicable, Richard?

And Richard, what about you?

Okay, and same question for you, Katrin?

R: I can also present you a formula. Ok, so you basically have for a
tuple a first-order formula, let‘s say this one.

K: Well, for me there are many different applications, because it
depends on which semi-ring you choose and different semi-rings
give different practical interpretations. As I said, you could have
a confidence score, or you could have a cost model where you
would evaluate this over the real numbers. You could count proofs,
or in a more realistic application, count the number of ways you

ݔ ש ݔܴ ݔ

ݕ

And the difference is that you have additional atomic formulae that
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R: A multiteam, for example, has a very natural interpretation as a
database where every assignment corresponds to one entry in the
table. And then you have the multiplicities which also reflect the
fact that some entries might occur multiple times in the database.

can combine the input to achieve a given output. You can even do
it more generally if you have databases, or in logic, if you would like
to track which inputs you need to prove the truth of your output
or to reach your output. Then, you can do this by evaluating this
over a polynomial semi-ring where the inputs are just variables,
and in that way its easier to find errors. For instance, if you don‘t
get your given output, you know that only these inputs are actually
necessary for the output, or you use this however many times, and
then its easier to find errors or to correct them. So, there are many
different applications over different semi-rings.

Aachener TG (Aachener Turngemeinde).
And you, Katrin?
K: Sometimes I relax by playing video games, but most workday
evenings I play Dungeons & Dragons with friends, which is what I
am doing tonight as well.
Ok very nice. Thank you for your time.

R: I want to add something. Importantly, the fact that you have
assignments multiple times naturally gives rise to a probability
distribution over them, so these logics allow to reason about
uncertain, unknown data which of course is the connection to the
research training group UnRAVeL.
Speaking of which, both of you are affiliated with the
organizational committee of our Research Training Group.
What are your tasks there?
R: I have organized the last spring workshop 2019 and I‘m also
partly responsible for organizing the next one, which will take place
in Vienna.
Ah, the workshop in 2020. We‘re looking forward to that.
And what about you Katrin?
K: I‘m part of the gender committee, which is tasked with
promoting gender equality and not just within the Research
Training Group, but also in computer science at the university in
general and in projects we have for children. We have different
projects that we organize, for instance Girls’Day for the whole
department of computer science of this university. And we have
different presentations or talks for all PhD candidates at the
university, which always have some sort of relevance regarding
gender equality. So, yes, we do a lot of promotional work, also for
schools and other places like that.
Ok nice. Thank you. We have one last question for both of
you. What do you usually do after a long day of work?
R: I almost always go running. I am also a member of the
Provenance Analysis for Logic and Games | 15

Learning of FO and MSO
Definable Hypotheses
Logic in Computer Science
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Name: Martin RItzert
Chair: Logic and Theory of Discrete
Systems
Supervisor: Prof. Martin Grohe

Central
·· Formulas can be used to induce a hypothesis over the elements of a structure (typically graphs)
·· We consider parameterised formulas, which means that we divide the free variables into „instance variables“
and „parameters“
·· Examples consist of tuples of elements of the structure and their true classification
Goal
·· Given: a set of examples
·· Return: a formula and a number of elements of the structure for each of the parameter variables
·· Intention: Formulas might be easier to handle for verification than neural networks and they fit the model of
structured data well

Guiding questions
·· What is the algorithmic complexity of learning on different kinds of structures and logics?
·· For which structures and logics can we find sublinear or FPT algorithms?
Personal
·· Free-time activities include acrobatics, gymnastics and ballroom dance
Learning of FO and MSO Definable Hypotheses | 17

Probabilistic Databases under
Open-World Assumptions
Logic in Computer Science
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Name: Peter Lindner
Chair: Logic and Theory of Discrete
Systems
Supervisor: Prof. Martin Grohe

Central
·· Probability distributions over collections of database instances in order to capture uncertainty
·· Drop the assumption to model this with a finite sample space
Goal
·· Extension of the model to distributions over the space of all database instances over the schema
·· More reasonable query results
·· Possibly involving countable and uncountable infinite domains
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Guiding questions
·· How can the formal model of probabilistic databases be expanded to better suit the requirements above?
·· How can these kinds of probabilistic databases be represented and queried?
Personal
·· Free-time activities include playing table tennis, reading, watching series
Probabilistic Databases under Open-World Assumptions | 19

Robust Optimization
Graph Algorithms

20 | Robust Optimization

Name: Dennis Fischer
Chair: Algorithms and Complexity
Supervisor: Prof. Gerhard Woeginger

Central
·· Analysis of robust combinatorial problems - find a solution for a set of inputs that is good for all elements
·· The input set usually originates from uncertain measurements and the study parameterised complexity of
robust optimisation problems
Goal
·· Better understand the increase in difficulty compared to classical optimisation problems

Guiding questions
·· What is the complexity of these robust computational problems?
·· Are there tractable cases on restricted inputs?
·· What tractable cases can be found in the parameterised setting?
·· What is the complexity of finding a worst case instance from the set of possible inputs?
Cooperation
·· Waiting for Trains: Complexity Results. (Bi-weekly talk) Joint work with UnRAVeL members from the business
and economics department and the institute of transport science
Personal
·· Free-time activities include bouldering, programming, and video games
Robust Optimization | 21

Online Algorithms with Advice
Graph Algorithms
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Name: Janosch Fuchs
Chair: Algorithms and Complexity
Supervisor: Prof. Gerhard Woeginger

Central
·· Analysing optimisation problems where the input arrives piece by piece and irrevocable decisions are required
·· Determine the impact of missing knowledge about the future input
·· When and how much information is needed for optimal decisions
·· Finding different extensions for the classical online model
·· Trade-off between information about the future and the quality of the solution
Goal
·· Better understanding on how much information and which crucial information is needed in uncertain settings

Guiding Questions
·· What are the best upper and lower bounds for the number of needed advice?
·· Can the setting be extended such that the information about the future is uncertain?

Cooperation
·· Waiting for Trains: Complexity Results. Joined work with UnRAVeL members from the business and economics
department and the institute of transport science.
Personal
·· Free-time activities include bouldering, cooking, and video games
Online Algorithms with Advice | 23

Analysis of Algorithms for
Mathematical Optimization
Problem under Uncertainty
The Behavior of Systems with
Selfish Users
Network Flows
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Left: Björn Tauer
Chair: Management Science
Supervisor: Prof. Britta Preis
Right: Vipin Ravindran Vijayalakshmi
Chair: Management Science
Supervisor: Prof. Britta Preis

Hello Björn, hello Vipin. We want to talk to you today about
your project within UnRAVeL. And first we would like to
know where you’re from, where you are working right now
and what you are working on. Ok, maybe Björn can start.
B: Good morning. Well, I am Björn and I am from Essen. It is
a city close to Düsseldorf. I am here in Aachen since 2010, I
studied Mathematics and then I additionally added the Economics
Masters‘ Degree on top. And by doing this extra loop, I got into
contact with operations research. I left the theoretical Mathematics
I did before and started to look at OR related topics and especially
at game theory.

moved to Aachen for the PhD programme. I work at the chair of
Management Science under Professor Britta Peis, and my second
supervisor is Professor Gerhard Woeginger at the chair of i1.
Ok, so we gathered that you somehow work with game
theoretic models that are applied to transportation
networks. So Vipin, could you maybe tell us about the
problems that you are working on and the questions that
occur?

Alright, we will come back to the topics in just a second. So
Vipin, what about you?

V: Yes, transportation networks is an application of the field that I
work on. I work on atomic selfish routing games and congestion
games. To give you an idea of what congestion games are,
basically you have a lot of selfish users who want to use a bunch
of resources in a decentralized manner. So if you look at a
transportation network, you can very succinctly represent this with
a game-theoretic model such as congestion games.
You have vehicles in the road network that constitute the users,
and then you have routes, which are the resources in the game.
Vehicles prefer to use routes which are favorable to their own
interest, and therefore this induces an inefficiency in the overall
assignment, resulting in a lot of congestion. So, what I look at is
analyzing such inefficiencies and looking at techniques that could
improve this inefficiency.

V: Good morning. Well, I am basically from Bangalore, the IT
capital of India. I did my Bachelors‘ there in Computer Science
and then moved to Paderborn in 2015. I moved there for my
Masters’ degree in Computer Science and then later in 2018, I

Alright thank you. So Björn, it appeared to us that you have
some points in common in what you work on with what
Vipin is working on. So both topics are kind of related to
selfishness and networks, is that right?

So what chair are you working at?
B: That is a bit complicated. I have two half positions. The first
half is at the Management Science Chair with Britta Peis in the
Economic Department and the other half is here in the Computer
Science with Gerhard Woeginger at i1. And yes, as I said, I have
half/half but it’s sometimes more like full/full (laughs) but that’s a
different story.
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B: Yes.
So could you maybe provide us with some insight on the
differences and similarities? What’s going on there?
B: As I am part of two chairs, also my research is kind of twosided. On one side, I am working with traffic-simulations, so the
application Vipin described as example for his theoretic model is
also an application I work with. Especially, I focus on the Aachen
road network. We have a traffic-simulation that measures the
congestion by reproducing it in our network. Based on this
simulation, we can test certain adaptions to the traffic system and
can evaluate how our changes impact the overall performance of
the system.
He (Vipin) is sort-of working on the theoretical bounds and I try to
verify those with a simulation for an explicit network. And on the
other side, I am also theoretically working on selfish packet routing
games where the aspect of „over-time“ is added. This aspect
is also the biggest difference in our research; Vipin focuses on
static problems where you count the cars or the packets along
the complete route. Within my models, it is a precise monitoring
of the movement within the network. A car is only present at its
current location, whether it is actually parking or driving, while for
Vipin, this car has an impact on its complete route. And this time
dependency adds a lot of complexity to the model. In general
it becomes harder and the results or theoretical bounds on the
performance of the system we can guarantee become worse.
I have two follow up questions on that. You said that you
model something especially for the Aachen region. Are you
taking into account the different types of traffic that you
have there, like the public transportation methods, trucks,
cars, bicycles, and so on?
B: Yes, I do. My research contributes to the Ford Alliance Project
„Autonomous Shuttle-Fleets for Cities“, a project initialized by
the Ford Motor Company and several chairs of RWTH Aachen
University.
We simulated the situation of market entry of a shuttle fleet service
for Aachen. We measure the impact of this new service to the
old transport modes, like the one you mentioned. Right now we
consider trains, buses, taxis, individual transports and bikes as
well as walking persons.

To analyze the impact of a new service, you first have to simulate
the old ones. As soon as our simulation is mirroring the status quo,
one can try to change the setup. To get a validated status quo, we
use traffic data, provided by the Chair and Institute of Urban and
Transport Planning for Aachen. Based on this, we add for example
a new transportation service like a ride-sharing provider and see
how many people are switching from the current transport modes
to the new one.
I see. Well the second follow-up question was whether you
could maybe just sketch something on the blackboard that
you could use to explain a certain aspect of what you’re
doing there?
B: Sure, let us look at selfishness within routing decisions. The
selfishness of the people in their cars, called players in the game
theoretic terminology, might cause congestion in the network.
So a common graphic that is used a lot in the literature is called
Braess’s graph. (draws the graph and explains the example).
The general idea is as followed. Drivers travel through a network
and while they do so, they can interact with each other. In an
ideal world, they find a stable state where everyone is as happy
as possible with the outcome. For example, all players could
arrive simultaneously at their location (points at the three distinct
routes, see the image). But theses states are not always so easy
to find, because some player might have a motivation to deviate.
For example, one player could slow down the other players such
that she arrives first, for example to catch the last parking slot at
the destination. Unfortunately, there is a stable state where every
player slows down all other players as much as possible. One can
prove that both described states are equilibria and we measure
the inefficiency of those by determining bounds on the price of
anarchy. This is a measure that compares the cost of an optimal
solution to the cost of a worst case equilibrium and by doing so,
we try to find good rules that give guarantees on how bad the
selfish impact on the traffic systems is.
Alright thank you. Vipin could you maybe also show us
a concrete situation with a sketch or maybe something
similar?
V: Like I mentioned earlier, I work on techniques that decrease the
inefficiency of decentralized assignment of users to resources.
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When users are selfish, they take up strategies or routes that
could lead to a lot of congestion, which might be far from an
optimal assignment. I should probably give you an example.
Great, thank you. Maybe both of you, let us talk a bit more
about the practical impact of these things. I mean, you
have mentioned a few points already. But what is the
impact that you would wish in the best case for your work
to have. Where could it be applied and what would it look
like? Maybe Björn can go first, and then Vipin follows up.
B: First of all, it is important to consider the transport situation in
general. There is too much traffic on the roads and it is important
to do research to face this problem. And with a view on economic
as well as ecological aspects it is important to find some kind
of balanced system that performs well, too. We have to fulfill the
needs of the people. They need to commute, but we also have
to think about how we can reduce the traffic we are causing. My
hope is that we can somehow establish a system that reaches
both goals.
V: To add on to what he said, I see a lot of other practical
applications to what I study in congestion games. For instance,
one could also think of decentralized networks where users get
to pick the machines, and they always pick machines which are

fast, because they want to get their job done quickly. So what
happens is that you have many of these overloaded fast machines
consuming a lot of power, and then you have a bunch of slow
machines not being used adequately, resulting in an imbalance in
the network. The enterprises providing these infrastructures want
to come up with cost sharing mechanisms, so that load balancing
can be achieved, thereby reducing the amount of energy
consumed. So, yes I see a lot of applications.
Interesting, maybe let me summarize this. It seems like we
have here theoretical models for systems where users have
choice over the distribution of resources or application.
You especially look at how the decisions of one users
impacts the decisions of another user and what he has
to pay. It seems like with this very general model, it is not
necessarily restricted to the traffic situations, traffic like
in the sense of cars on the road, but also there are other
settings. But even on the road, it’s not restricted to city
situations, right?
B: Not at all. Of course, it is more interesting when the traffic is
more dense. The more congestion there is, the more effects can
appear that we can look at.
And yes, the model itself is independent of cars. It can be applied
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to every situation where some units are send through a network.
And maybe a last word regarding selfishness. The bounds we
compute can be seen as an estimation for the impact of free
choices within movement decisions. It is not only the task to
describe formally what might happen when smaller changes are
performed, but also to predict future costs if people’s free choice
of travel might be substituted by a centralized system based on of
autonomous cars.
V: And centralization is always expensive. You would need
some sort of a central authority to take care of it. It is not always
possible. Moreover, if you need to deal with a large population or
large number of request, you always prefer decentralization, like in
the case of shuttle fleets.
Do you mean self-driving shuttles, or what kind of
shuttle fleet? Because my question would be: How does
selfishness relate to self-driving cars where you don’t have
this anarchy? Because you can coordinate all these actors
in a way so that you get better results than when everyone
does what you want.
B: For the model itself, it is not a big difference because we don’t

care about the engines so this could also be autonomous. If
you think of this kind of shuttle fleet service from a passenger
perspective, you might omit your own routing decisions. To get
people convinced to use your service, you need some guarantees.
You cannot choose a route that lasts the whole day, even though it
is beneficial for operator if the passenger has to pay that trip at the
end. But no passenger would reuse the shuttle then, and thus the
profit of the operator is less in total. So you have to predict how
the behavior of your potential customers relates to your service
model. Within our models we use decision processes for those
customers, and if we are too expensive in contrast to a car, then
they just don’t use our services’ within the simulation.
For example: Let‘s say one fleet operator can control several cars
as in the previous drawn situation. It is not beneficial anymore to
block the other cars, since you can control all of them and thus
the fight for the last parking spot is meaningless. Hence, you shift
the decision taker position from the passenger to the operator, but
still there are coordination tasks that have to be considered. It’s
just a step from this selfishness everywhere to, not centralized, but
partly centralized situations. So you can measure the differences.
V: Given that you asked about aircraft, I can give you an example
about where this could be used, maybe in ships, especially boats
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when they cross canals, they have gates and if all them use a
certain speed, then they would be conditioned at the gates. And
one way actually is to incentivize ships to slow down, so that there
is not a lot of congestion. And I see these models being used to
analyze such problems.
Ok. So now that we have discussed all the content of
your work, have you actually worked together yet or in
collaboration with other members of the Research Training
Group?

V: Oh yeah, golf.
Well thank you very much for your time. I think we were
able to give a good overview on your topic and it was nice
to meet you.
B & V: Thank you very much.

B: Of course, we share a room, so we speak a lot about work.
Since I am more focused on this over-time models and he is more
focused on the static setup, the methods we apply are different.
We understand the work of each other and we contribute to each
other’s thoughts, but a combined project is not done so far.
V: Yes, but we’re looking forward to finding one of common
interest.
Ok I see. Alright, I have one very last question for both
of you. Simply, what are you doing in your free time? I’ve
written down “when you’re tired of optimizing network
flows”. (laughs)
B: As I said earlier, with „two“-full positions there is not a lot of free
time. (laughs)
V: And we’re never tired of optimizing networks (laughs). No, that’s
not true.
So let’s just assume for a moment, what would you do if
you’re done, if you have free time?
B: I like to do sports, especially Basketball. I am into collecting
Lego and I spend a lot of time and money on board games.
V: I don’t have such fancy hobbies. I sometimes go bouldering
with the other colleagues at the chair. We do this often, maybe
twice a week. Otherwise it’s Netflix. Nothing fancy.
B: We tested the universities golf course for beginners together.
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Discrete and Continous Game
Theoretical Models of Flows
over Time
Network Flows

30 | Discrete and Continous Game Theoretical Models of Flows over Time

Name: Laura Vargas Koch
Chair: Management Science
Supervisor: Prof. Britta Preis

Central
·· Traffic is an uncoordinated flow over time, we want a good model to describe and predict it
·· Introduce and compare different modelling approaches
·· Analyse the existence and computability as well as the efficiency of equilibria in such models
·· Compare theoretical models with a widely used simulation tool „MATSim“

Guiding Questions
·· Understanding the behaviour of systems with rational agents that route through some network over the time like
in a traffic scenario
·· What is the difference between discrete and continuous models and what are the advantages of each kind?

Cooperation
·· Collaboration with Bjoern Tauer on a competitive discrete packet routing model
A similar model was considered in a joint work with Bjoern Tauer, Dennis Fischer, Janosch Fuchs and Stephan
Zieger. Here, packets get a certain length, like trains, and the problem is considered from an optimization perspective.
Personal
·· Professional athlete in Judo, Olympic bronze medallist 2016, World silver medallist 2013.
·· Interests are traveling, trying new food and doing sports.
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Network Capacity for Railway
Networks
Network Flows

Central:
·· Analysing the correspondence of petri-nets and max-plus-algebras
·· Examining and expanding the model to describe capacity of railway networks with Petri-nets and max-plus-algebras
Goal
·· Analyse capacity for railway networks instead of single lines

Guiding Questions
·· Which theorems from system theory can be transferred to max-plus-algebras?
·· Does a corresponding max-plus-algebra exists for Petri-nets which are decision free?
·· How can the influence of railway lines ending in a station onto the lines starting in that station be modeled?
·· How can circles be modeled?
Personal
·· Free-time activities include horse riding and pole dance
Name: Nadine Friesen
Chair: Railway Engineering and
Transport Economics
Supervisor: Prof. Nils Nießen
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Privacy Preserving Protocols for
Online Algorithms
Privacy

34 | Privacy Preserving Protocols for Online Algorithms

Name: Andreas Klinger
Chair: Research Group IT Security
Supervisor: Prof. Ulrike Meyer

Central
· Privacy preserving framework for online matching algorithms
· Extending static Secure Multi-Party Computation (SMPC) to dynamic/online SMPC
· Deal with uncertainty introduced through parties joining at different times
· Develope privacy preserving protocols for certain online matching algorithms

Guiding Questions
· How can privacy and security for online matching algorithms be provided?
· What are the limitations? To what degree can privacy be provided?
Personal
· Free-time activities include martial arts (Kung Fu, Tai Chi Chuan, Tae Kwon Do), electronic projects and hiking
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Automated Run-Time Analysis of
Probabilistic Programs
Advanced Weakest Precondition
Calculi for Probabilistic Programs
Probabilistic Programming

36 | Automated Run-Time Analysis of Probabilistic Programs

Left: Marcel Hark
Chair: Reasearch Group Programming
Languages and Verification
Supervisor: Prof. Jürgen Giesl
Right: Dr. Benjamin Kaminski
Chair: Software Modeling and
Verification
Supervisor: Prof. Joost-Pieter Katoen

Hello, both of you! Just tell us - who are you and where do
you work?
B: I‘m Benjamin Kaminski, I have been a PhD student for the last
five years. I did my PhD within the UnRAVeL research training
group, and currently, I am an associated postdoc with UnRAVeL.
As of January, 2020, I will become a lecturer at UCL in London,
which is really cool. At the moment I work with Joost-Pieter
Katoen, in the MOVES group, Modelling and Verification of
Software.

It creates a geometric distribution on the variable x and the
question that we are interested in is „how long does this program
take to execute“? This program here in fact needs expected
constant time, although in theory, this program could run forever,
but this can only happen with probability 0. We are interested in
investigating calculi with which one can verify upper bounds on
the expected runtimes of these programs, but lately, Marcel and
I have come up with a new proof rule within this calculus for also
verifying lower bounds, which was, I would say, a really difficult
problem. It still is, but we have now found a sufficiently simple rule
for managing this.

Okay, and what about you Marcel?
M: I am Marcel Hark, I‘m a doctoral researcher. Within UnRAVeL,
I am under supervision of Jürgen Giesl,
so I‘m working in
the research group for computer science 2. I have not studied
computer science as a major, but mathematics, with computer
science as a minor here at the RWTH Aachen, and finished
in 2016. I started in 2017 with Jürgen Giesl and became a
scholarship holder of UnRAVeL in October 2017.
So, Benjamin, you have written a program for us on the
blackboard. Can you tell us what you are working on?
B: Ok, so the top program here is a very simple one.

Marcel, you started a while later than Benjamin with your
work in the Research Training Group. Does your work
build up on Benjamin‘s work? How are both of your topics
related?
M: I would say Benjamin‘s results are to some extent a foundation
of my work. He has results on how to verify upper bounds and
how to verify almost certain termination, and, in the group I am
part of, we are usually interested in the question of automising
this. I mean, one idea is to do straight-forward automization by just
automizing the backward calculus and adding heuristics for how
to apply the rules or how to generate the invariants. But we also
try to do it the other way around and do a forward analysis. So
far, we don‘t know which approach is better. I think in theory, the
backward analysis has some advantages, but on the other hand,
for automation, the forward analysis could have other advantages.
I would say, in some parts, my work is a bit orthogonal to
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Benjamin‘s, whereas in other parts I use the results of his work.
I see. But you two also have published together, is that
right?
B: Yes, that is right.
M: We are in the process of publishing together and our current
paper was just accepted.

invented by Edsger Dijkstra in the 70s. This is actually very closely
related to Hoare Logic, which is also a very nice calculus due to
Tony Hoare. Another important concept we use is basic domain
theory, in particular, fixed-point theory. With Marcel, we applied
Martingale theory, which is an important concept in probability
theory, and we were able to use this for the analysis of this kind of
probabilistic programs in a very principled fashion.
I was just about to ask Marcel: Maybe you have something
to add to the list?

B: Very recently, we are quite happy about this.
That‘s really nice. I guess you have already mentioned
a few things about it, but I want to specifically ask you,
what are the technical key concepts that you have in your
research?
B: Marcel has already mentioned that theoretically we do a sort-of
backward moving calculus for these kinds of programs. This is
very close to Dijkstra‘s weakest preconditions, which is a calculus
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M: Well, as Benjamin said, Martingale theory is one of the
standard concepts when it comes to probabilistic programs. In
general, we use results from measure theory or about stochastic
processes. On the other hand, I also need recurrence or
difference equations and the theory about them. Sometimes even
algebra pops up. Of course, I work with transition systems but
these kind of use parts from everywhere, so I wouldn‘t call it a
theory on its own. It is more like a combination of different ideas.

Okay, so let us maybe talk about another specific example.
Could you show us something, a program, that has a weird
or interesting behaviour with respect to its semantics or
termination properties?

Well, we now have this result, and regarding some
practitioner, who is actually working with probabilistic
programs, where does this come into play for him? Is it
easy to automate? Is it useable on compiler level?

B: I also wrote another program on the blackboard I think it is
from McIver and Morgan. It is a program that has a particle x that
moves, and the particle moves either up or down, and if you hit
zero, then you terminate. But the probability with which it goes up
or down changes, and if you look at this here as a graphic, then in
one case you have probabilities 2/3 or 1/3 where here, at another
point, the probabilities are 4/7 to go up and 3/7 to go down. As
you can see, both of these fractions approach 1/2, so in the limit,
this is a fair random walk. But here, it is not. And the question is,
does this terminate with probability 1?

M: It is not like such programs would not exist in practice but for
now it is mostly a concept of writing probability measures and
probability measure transformers in a different way, which gives
rise to another kind of analysis like the analysis of programs. If you
are given such a program, let‘s say in pseudo-code, then often
one would also have probabilities that depend on variables. This
is very difficult, because the proof rule we talked about needs to
verify that something is monotonically increasing. If we only have
constant probability programs, for example, then the proof rule
becomes easier and I think automization is in scope. Of course, it
will never be complete.

To be honest, I have no clue.
B: Yeah, it‘s pretty difficult to see. In fact, it does and I think
with standard mathematical reasoning, you would have a very
hard time proving this. We studied a proof rule for having simple
witnesses of almost sure termination of such a program, which I
believe is a very, very useful tool.
M: So we managed to prove almost certain termination for this
quite easily I would say. What I find interesting about this program
is, when you just check the expected change of x in every
iteration, you get this equation:

1
−𝑥𝑥𝑥𝑥 + (𝑥𝑥𝑥𝑥 + 1)
=
> 0 ∀𝑥𝑥𝑥𝑥
2𝑥𝑥𝑥𝑥 + 1
2𝑥𝑥𝑥𝑥 + 1

This is positive for every x and converges to 0. In theory, if you
have a random walk where you only have constant probabilities
that do not depend on the value of x and you have this „drift“ that
is positive, then it means something like drifting further and further
away from termination and you do not terminate almost surely.
But here, the drift, wherever you measure it, in every x, is positive.
Only the limit is 0. Yet, it terminates almost surely. So this is a very
difficult program and I think the proof we have is probably so far
the only simple way to have an idea why this terminates almost
surely.

B: In the end it‘s like standard termination for programs. It‘s also
the question, where does this come into play in practice? But of
course you want to ideally know that your program terminates, and
it‘s the same here, but here it‘s more difficult. In some cases, it
automizable, in other cases it is not. But this is unavoidable.
Thank you very much for these insights. Maybe one last,
more personal question - how do you like to spend your
evenings when your daily work routine has terminated?
M: I‘m doing a lot of different kinds of sports in the evenings or
sometimes, I have a drink with friends. Usually, I go running, go
ride my bike and drive around or go juggling.
B: I think I do the usual stuff, I meet friends and have a drink. I
don‘t do as much sports as Marcel, unfortunately. As a hobby, I
like to DJ, I am really into electronic music.
Thank you both very much for your time!
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Parameter Synthesis in Markov
Models
Probabilistic Verification

40 | Parameter Synthesis in Markov Models

Name: Dr. Sebastian Junges
Chair: Software Modeling and
Verification
Supervisor: Prof. Joost-Pieter Katoen

Central
·· Markov models are key to describe systems with stochastic behaviour
·· Probabilities in these models are often imprecise or tuneable
·· Idea: Replace these probabilities by symbols (parameters)
·· Connections to other models, such as partially observable Markov decision processes
Goal
·· Investigate the complexity of key questions
·· Find algorithms and heuristics that work well in practice
·· Provide tool support beneficial for the community.

Guiding Questions
·· For which parameter values do certain properties on the Markov model hold?
Personal
·· Travelling, photography and board games
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Monotonicity in
Parametric Markov Chains
State Systems

42 | Monotonicity in Parametric Markov Chains

Name: Jip Spel
Chair: Software Modeling and
Verification
Supervisor: Prof. Joost-Pieter Katoen

Case Studies

Hi Jip, please introduce yourself and tell us where you
work.
J: I‘m Jip, I grew up in the Netherlands, in a small town near
Amsterdam, and I did my Bachelor and Master studies in Twente
in the Netherlands and went to Aachen to work on my Master‘s
thesis with Joost-Pieter Katoen. Now I‘m working at the Software
Modelling and Verification Group led by him.
Very nice. So, I heard that you work with so-called
parametric Markov chains. Could you show us one of these
and maybe briefly explain what they are good for and what
is going on?
J: Yes, so parametric Markov chains are a way to model things.
The thing is we have transitions which are probabilistic. For
instance, if you send a message to someone over a channel,
there is a probability that this message actually gets to the person
that you sent it to. The problem is that we don‘t know these
probabilities in advance, therefore we use parameters to model
this. So, here I have an example of the bounded re-transmission
protocol.
The idea is that you have a message, which you split in chunks.
So in this example we have two chunks and each chunk can
only be sent a certain number of times. With probability p, the
message is received immediately, and with probability q the
acknowledgement is received. So we started in our initial state
s0, with probability p we go to state s1, in which the message
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sent := 0;
count := 0;
while count < MAX ∧ sent < N do
first := 1 [p] first := 0;
if first = 1 then
second := 1 [q] second := 0;
if second = 1 then
sent := sent + 1;
count := 0;
else
count := count + 1;
else
count := count + 1;
state := sent = N ;
return;
Listing 9.1: ProgBRP , BRP in pWhile
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Okay, well, what are the typical research questions that you
have to answerFigure
in parametric
Markov
you in
9.1: pMC of brp
for N =chains,
2 and MAXor= that
2
particular answer?
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first := 1 [p] first := 0;
if first = 1 then
second := 1 [q] second := 0;
if second = 1 then
sent := sent + 1;
count := 0;
else
count := count + 1;
else
count := count + 1;
state := sent = N ;
return;
Listing 9.1: ProgBRP , BRP in pWhile
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Figure 9.1: pMC of brp for N = 2 and MAX = 2
J: I am looking at monotonicity in these Markov chains, which
means that if I increase p, then the probability of eventually ending
up in a happy state also increases. This can help finding values
for p and q. Monotonicity is somehow natural, for example, if you
have a channel, then you know that if you improve the quality of
this channel, then the probability of the message getting to you
will increase as well. However, it is not used at this moment in
analysing these chains. You could argue: why not just calculate
the rational function? We can do this for this one. However, if you
have more states, more transitions, this blows up exponentially.
So we can‘t really calculate the rational function and obtain
the parameters, therefore we need to find different ways to
approach this problem and get approximate values. That‘s where
monotonicity is useful.
Okay, you already gave some hints about the practical side
of things, so what do you think is the impact of this kind of
research to applications, and which particular applications
can you think of?
J: Well, the good thing about this is that we can more easily find
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what requirements our system should fulfil, how safe you need to
make something to be safe 90 percent of the time or 99 percent
of the time? This way we can get to this point easier. We‘re now
currently also looking at monotonicity in dynamic fault trees. So
we have the railway system, we model this, and then we want
to know, ok, which component should we improve first, which
one has the greatest impact? So that‘s already also some kind
of sensitivity, instead of only monotonicity. You can also look
at model repair. So we have a model, and it‘s not yet fulfilling
our requirements. Which part should we improve to fulfil our
requirements? Here also monotonicity comes in.
Okay, thank you for answering these questions, and I want
to finish off with a more personal question. How do you
parameterise your free time?
J: Well, that’s challenging, because I like to ice-skate and my
friend lives 2,5 hours by car away from me, and he also likes iceskating, so we have these two challenges to try to find a way to
see each other and to ice-skate. So, yes, we try to optimize this.
You could see it as some kind of continuous-time Markov chain

with rewards, and the reward is of course higher when
we see each other, and even higher when we iceskate.
And I guess the probability to end up in a happy
state is also important.
J: Yes, definitely! (laughs)
Okay, thank you for your time!
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Automata - Theoretic
Techniques in Probabilistic
Verification
State Systems

46 | Automata - Theoretic Techniques in Probabilistic Verification

Name: Anton Pirogov
Chair: Logic and Theory of Discrete
Systems
Supervisor: Dr. Christof Löding

Central
·· Concerned with various finite automata models that read infinite words
·· Work on translation of non-deterministic automata into deterministic automata
·· This is important for e.g. probabilistic model-checking and synthesis.
·· Research into restricted forms of non-determinism (bounded ambiguity)
Goal
·· A better understanding of probabilistic automata.
·· Improvement of automata-based techniques for verification

Personal
·· Free-time activities include reading, watching series, listening to music and occasionally playing the drums.
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State Set Representations and
their Usage in the Reachability
Analysis of Hybrid Systems
State Systems

48 | State Set Representations and their Usage in the Reachability Analysis of Hybrid Systems

Name: Stefan Schupp
Chair: Research Group Theory of Hybrid Systems
Supervisor: Prof. Erika Ábrahám

Central
· Hybrid systems combine discrete and continuous behaviour
· Verification via flow-pipe construction over-approximates reachable states of a given hybrid system
· Over-approximation represented as a finite sequence of state sets different set representations influence the
precision and efficiency of the method

Guiding Questions
· How can we represent state sets efficiently?
· How can we provide tailored approaches which exploit different set representations?
Personal
· Free-time activities include running, carpentry and going to concerts
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Probabilistic Action Formalisms
with Application to Robotics
Robust Execution of Abstract
Task Plans on Mobile Robots
Robotics

50 | Probabilistic Action Formalisms with Application to Robotics

Left: Till Hofmann
Chair: Knowledge-Based Systems
Group
Supervisor: Prof. Gerhard Lakemeyer
Right: Daxin Liu
Chair: Knowledge-Based Systems
Group
Supervisor: Prof. Gerhard Lakemeyer

Hi Till! Hi Daxin! Could you please introduce yourselves, tell
us who you are and where you work?
T: My name is Till, I am a PhD student at the Knowledge-Based
Systems Group in my third year now. I do a lot of robotics, and I
spend a lot of time preparing for Robocup where we have a team
of logistics robots operating machines, so that’s one project.
And I’m also doing research on more theoretical things regarding
modelling of robot platforms in general. But I guess I can go more
into detail later.
D: My name is Daxin. Currently I am a doctoral researcher in the
Knowledge-Based System Group and my research is about how
to formalise agents’ behaviour and their knowledge, especially in
an uncertain environment.
As that was a bit abstract, could you please go into a bit
more detail about your setting? What formalisms do you
use to describe your work?
T: So, I think we should first take a step back and talk about what
a robot is. There are many different understandings of what they
are and we deal with one particular kind, I would say. We usually
call it cognitive robotics, because we actually deal with a robot
that somehow acts intelligently, reasonably and does not just
implement a simple controller. So for example, if you take your
typical vacuum cleaning robot, there is just a controller, there are
no smarts in there, that’s not what we do. You also have these
industrial robots, Kuka for example is very famous for their robots

which are very precise robotic arms that can do very precise
movements, but these are also just controlled by a controller, so
they also don’t do any reasoning.
What we deal with is robots that in some way act in a dynamic
environment. They have a model of the environment, so they are
able to use sensors to perceive things from the environment, for
example the position of this cup, and then act on the world model
they have internally. So I guess that’s the very fundamental aspect
of what we do. We have some kind of model of the world, which is
maybe in the logic, or may be represented differently, and then we
have a robot that can actually act in this physical world, by moving
joints, etc., depending on the kind of robot that we deal with. We
model these actions in the same formalism in that we model the
world, so we can also model the effects that the actions will have
on the world.
You said it’s not the same with a robot which is controlled
by a controller, which I assume refers to a fixed program.
If I understand this correctly, your robots should figure out
how to reach their goal by themselves, is that right?
T: Yes, so that’s typically what we want to have. To take one
particular example, what we usually deal with is the situation
calculus, which is a logic that describes actions and models their
preconditions and effects. So you can always only execute an
action if its pre-condition is satisfied, that’s the general model. But
even here you can have a fixed program, you just have a sequence
of actions that is executed, but still we have this model of the
world instead of just reacting to sensor values directly. A vacuum
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cleaner for example just has a bumper, so if the bumper triggers,
then it turns. There is no representation like “Ok, I bumped into
this corner ten seconds ago” for example, or “I bumped into the
corner, then I took a right turn, bumped again into the corner,
so I know I’m at the end of a room.” You can’t really do this with
this kind of model, but in our model we can, even if we have a
fixed program. But yes, generally we don’t want to hard-code
things. We want to actually do reasoning, so the agent somehow
determines what to do.
Is your setting similar to this, Daxin?
D: Basically, yes. I am working with an uncertain environment,
where the effect of an action may not be deterministic and the
sensors are inaccurate and noisy. What I am doing is coming up
with a formalism to capture these features. As an intelligent agent,
the robot should be able to reason about the effects of its actions
and attune to it to perform sensing, to obtain information and to
update knowledge so that it can achieve certain goals. So the
foundation of this task is to formalize agents’ behaviour properly.
T: So one interesting aspect I want to add to this is that I think we
have multiple kinds of uncertainty in robotics. What Daxin talked
about is actions that have a certain uncertainty, for example
flipping a coin. It’s obvious it has uncertainty, but you exactly
know what will happen. You know “Ok, the result will be heads
or tails.” You can model this quite nicely. And the second kind,
which occurs very often in robotics, is more the “crazy monkey
kind” of uncertainty. You have something in your system which
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just messes with you all the time. I don’t know if you have heard
of this, but Netflix is quite famous for this. They mess with their
system internally, like, they have programmers whose task it is to
destroy their own system and the system is somehow supposed
to deal with it. This is what we get for free in robotics. We don’t
need an engineer who does that, because the system does it
by itself. It just breaks all the time, so this is also something we
have to deal with. Some aspects of this can also be modelled,
for example sensing actions that have uncertain results so that
you could sense something wrong, but some things are just
more engineering challenges, I would say, and not representation
challenges. But we kind of have to deal with both.
So is this the kind of uncertainty you get when some
random passer-by goes through your view?
T: Exactly. So a very typical example: Your robot picks something
up and it is supposed to be moved somewhere else. Then, some
other robot hits it and the robot drops the thing that it’s carrying.
And somehow we have to deal with this kind of thing. It’s in
general a hard thing to model. I could model this particular event,
but modelling all possible events is basically impossible.
So about your models, could one of you maybe draw a little
example of what your calculus looks like? And which kinds
of things can you express in it?
D: So basically, when modelling an agents belief or knowledge in
an uncertain environment, we have to take into account what the

agent believes right now—so we will have an epistemic state—
what the actual world looks like, and which actions he is executing.
For the latter, we will have an action sequence, like z—it could be
the empty sequence or maybe a “forward action”, for example
for a robot that moves towards a wall. And we have this physical
world, that contains what’s true about the current situation. For
example, in the current situation, the distance to the wall could be
3 units and after a forward action, this distance would become
2. But in our epistemic state, we could consider many worlds as
possible, right? Especially in our setting of uncertainty, it is more
preferable to have a distribution over worlds. This distribution
somehow represents a preference among the possible worlds.
For example, we could consider another world, say with distance
h = 2 initially or one with h = 1. Then our epistemic state may be
a distribution over these worlds. In essence, our current model
consists of such triples of epistemic state, physical world and
action sequence.
I see. And you, Till? Do you work with a similar kind of
formal reasoning calculi?
T: Yes and no. I go on two tracks I would say. So, the main
research that I’m working on is slightly different, because we don’t
model uncertainty explicitly, but instead what we do is, somehow
we have some abstract program which describes the behaviours.
Let’s take a very simple robot that can just move around and has
an arm with that it can put things down with. One typical program
could be that you just go to a table, pick up the cup, go to the
coffee machine, put the cup into the machine, and so on and so
forth. So this would be a very simple program in Golog, which is a
language based on the situation calculus.
So this is more of a higher level, on top of the calculus?
T: Yes, that’s exactly what the user would specify, or for example;
the reasoner would determine that this action sequence satisfies
the goal, so that if you go on, at the end you have coffee. That’s
the goal. (laughs)

Off

Busy

calibrate()

Calibrating

Ready

Overheated

sensors and actuators, and so on and so forth. And one thing we
could do here, for example, would be to model our arm as a very
simple state machine, or as a timed automaton, depending on
what we exactly want to address. Say, initially our arm is off, then
we can start calibrating it, and eventually it will be done calibrating
and is ready for use. Then, whenever you use it, it will be busy,
and if you want to extend this, there could always be some error
state, for example if the arm hits something, or a joint doesn’t
work, is overheated, whatever. Let’s actually do overheated, that’s
a good concrete example—so, when it’s busy it could realise it
is overheated and after some time it could go back to “ready”
or maybe back to “uncalibrated” or whatever. So now we can
express that whenever we do a “pick” action, the arm should be
ready to be used, which makes sense, right?

But we don’t want to encode this here, because this is what our
reasoner determines and if we add all this stuff into the reasoner,
it won’t even be able to solve this problem, which is very simple.
So instead what we want to do is first determine some abstract
program, like this one, and then use this kind of model and
constraints like this, of course in some formal language, and then
at the end what we get is a modified program. There, you actually
calibrate the arm first, because you can’t be close to the table
when you do this—which is not encoded here, but there could
be some others constraints that could say this. And then you do
the “go to table” and then you do “pick”. So you can see that the
original actions are here, but we added additional platform actions:

But if we actually want to execute this, there are many things that
are not taken into account. Moving somewhere is a very complex
process. For us, it may be simple: “Ok, I go into the kitchen—
done.” But for a robot, of course, it’s a lot more involved, with
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So this is a kind of compilation step? It’s more low level?
T: Yes, exactly, you could say that. But the important point is,
this is also in the same model. So for example if we say why we
can calibrate while we’re close to an object, then we will actually
insert the action in the right place. So the traditional approach is
that you just have some layered architecture and you determine
this and then you take care of all these things during execution
without an explicit model. But if you do the “go to” action first,
and then you realise “Ok, my arm is not calibrated yet” but you’re
already close to the table, you can’t really do this anymore, so
those two need to interact in some way. That’s kind of the point
here and by modelling all of this in one unified framework, we can
deal with these kinds of things. And also deal with uncertainty
here, for example this overheated state is a typical example for the
second kind of uncertainty that I talked about, it can just happen
at runtime. We can somehow try to model this, for example,
holding a heavy object for too long. You know you will overheat,
but sometimes this occurs randomly and by modelling this and
modelling some kind of recovery behaviour, we can also deal with
it.
Ok, so another question for you Daxin. Would your new
kind of calculus add some practical improvements that can
be expected for the problems like for example what Till is
trying to solve? Or what other practical implications could
be expected?
D: My work is concentrated on the formalisation, so it’s kind of
the foundation of this kind of tasks and it will still have some gap
between theoretical and practical applications. So I mean, there
is still some effort required to do these implementations, but I can
imagine that, since we consider more factors like uncertainties,
our framework will have more expressiveness. So we can express
more things—this is both a good point and a bad point, because
once you have more expressiveness, the things may be more
complicated and even intractable. So for Till’s examples, here
he assumed that every action is deterministic, but if we have an
uncertain setting, then the “goto” may result in a probability field
and similarly for the “pick up” action. In these settings, if you
want to achieve some goals, you eventually end up in different
positions with certain probabilities and this kind of problem can
be expressed in our framework, but in general it’s undecidable.
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So, to regain the decidability, we have to somehow constrain our
expressiveness. It remains interesting to see, if we have such
constraints, whether our method will be more efficient than the
more traditional methods.
What would you say about the practical applications
of your work? Do you think this will make the vacuum
cleaners smarter for us, at some point?
T: Well as I said earlier, vacuum cleaners, I don’t know, well if you
add a lot of sensors to them, well ok, this may again be helpful.
The new generation of vacuum cleaners, they have some. They
have a lot of sensors, so there I guess, we could definitely apply
some of these methods. But I think our engagement in Robocup
kind of shows that the things that we do have practical usefulness,
because they are robots which are able to deal with these kind of
problems quite successfully. So I would just refer to that talking
about practicability.
And it doesn’t really matter whether it’s industrial or homeused for applications like these?
T: Well, of course some characteristics of each domain kind of
differ. For example, in a domestic robot service setting, you have
to deal with a lot human-machine interaction. Your robot has to
talk to humans all the time and deal with their weird behaviour
(laugh), which is more complicated than robots are. In our setting,
all of this is not a problem, there are no humans. There may be
some humans on the plane field walking around, but basically we
don’t need to model them, we just drive around them and that’s it.
So they’re just a generic obstacle?
T: Yes, exactly.
Just try not to kill them. (laughs) Obey the three laws.
(laughter)
T: Exactly. (laughs)
But on the other hand, the reasoning involved in this industrial
setting is much more complex, because the goal is more complex.
In a domestic service robot, usually the tasks that the robot has

to do are from the reasoning perspective quite simple. “You want
coffee”, it’s not that complicated. Or “you want your dishwasher
filled with all the stuff on the table”. Ok that’s also quite simple to
reason about. While in this industrial setting, all the things that you
need to do to accomplish your goal, are quite more involved. Yes
you have the methods and you can apply them in all these kinds of
domains, but there are specific challenges in each domain. So as
another example, the kind of reasoning we do, I would not be sure
if it would be that useful for soccer robots, because they need to
react very fast, they can’t spend a second reasoning because the
situation already changed and the result is basically meaningless.
So there you need to have very fast robots that determine some
action that somehow makes sense, instead of computing a long
plan that consists of twenty actions that somehow eventually
accomplishes a goal.

T: So a hobby I recently picked up is dancing, I do a lot of
Salsa and Bachata dancing which is quite a lot of fun. I also
like bouldering a lot but I haven’t done so much that recently.
And more related to computer science, I would guess I’m quite
involved in the Fedora community, which is an open source Linux
distribution where I just do packages, so I started this as my
student job a long time ago, and eventually started doing this as
a hobby too. So now it’s kind of work and free-time. That’s the
kind of thing you’re not supposed to do I guess (laugh) but I do it
anyway.
When it’s fun, it’s not work, right? Ok thank you for your
time!

Alright, we talked a lot about robot behaviour, so one
last question - how would you define your own free-time
behaviour? But you can do it in a natural language. So
Daxin first, maybe?
D: I prefer no thing in particular, sometimes play some games to
ease my mind, so basically that’s all.
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Stable and Robust Management
in Healthcare Services
Healthcare
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Name: Martin Comis
Chair: Research Group Robust
Management of Healthcare
Supervisor: Prof. Christina Büsing

Central
· Ensure the primary care provision in rural areas
· Incorporate the uncertainties inherent to health care into our models

Guiding Questions
· How can we assess the quality of primary care systems and provide decision support using an agent based
simulation?
· How can we robustly operate mobile medical units?
· How can we operate a dial-a-ride service?
Additional Questions
· What is the complexity of the underlying problems?
· Can we find combinatorial algorithms for certain special cases?
Personal
· Free-time activities include playing volleyball, travelling, cycling
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Robust Hospital Management
Healthcare
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Name: Tabea Krabs
Chair: Research Group Robust
Management of Healthcare
Supervisor: Prof. Christina Büsing

Central
·· Efficient bed management in practice
·· Strategies to use to ensure an efficient bed management

Guiding Questions
·· How can we incorporate the uncertainties inherent to health care?
·· How can we incorporate other hospital resources that affect or are affected by the bed management?
Additional Questions:
·· What is the complexity of the underlying problems?
·· Can we find combinatorial algorithms for certain special cases?
Personal
·· Free-time activities include horseback riding, reading, jogging and music
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Robust Routing in Railway
Systems
Satisfiability Checking for
Optimization of Timetables in
Railway Engineering
Railway Engineering
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Left: Rebecca Haehn
Chair: Research Group Theory of
Hybrid Systems
Supervisor: Prof. Erika Ábrahám
Right: Stephan Zieger
Chair: Railway Engineering and
Transport Economics
Supervisor: Prof. Nils Nießen

So, Hi Rebecca and Stephan, could you please introduce
yourself and tell us where you work.
R: I am a doctoral candidate in UnRAVeL and in particular I work
in Professor Ábrahám’s research group about Theory of Hybrid
Systems.
S: I am also a doctoral candidate within UnRAVeL and at RWTH. I
am at the Institute of Transport Science since 2016.
Alright, as far as we know, both of your topics are dealing
with railway systems. So what kind of problems do you
investigate in particular? Is there some relation between
them?
R: I investigate the problem to utilize the existing railway
infrastructure’s capacity as good as possible, especially when
scheduling additional freight trains.
S: So mine is about “dial-a-ride” services in railways and it’s
basically a feasibility study. It’s about the question what to do
with abandoned railway lines and how to incorporate the needs of
passengers.

have is the existing railway infrastructure: we assume we have a
network with stations and tracks in between those stations and
that this network is already utilized. Some of the capacity is utilized
by passenger trains, so we have a given timetable. Now we would
like to utilize the remaining capacity as good as possible. So,
for example, if we have such a network and would like to send
additional freight trains from vertex A to vertex B and we don’t
have much capacity left in the top left edge, we would send some
trains via these other edges and make sure that we find an optimal
solution to utilize the remaining capacity as best as possible.
We also consider uncertainties in the given timetables, so although
we assume we have some given timetable, there are some
external conditions—for example the weather or delays from
passenger trains or construction work—that lead to uncertainties
concerning the availability of this infrastructure. We would like
to consider that as well and find a preferably robust solution for

A

B

Rebecca, could you explain a bit more the kind of things
you try to optimize. Maybe can you make up a little
example on the spot?
R: I will try to give you a sketch. So basically what I assume to
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this additional schedule. In the end, we want to have a result
that can somehow estimate the remaining capacity of the given
infrastructure network under the existing timetable.
Do you use techniques like flow optimization or what kind
of technique do you use?
R: It reminds of flow optimization, yes, but I actually try to use SMT
solving to solve this problem, because it gets quite complicated
very fast. If we want to consider the time component of the
timetable as precise as possible as well as the capacities and
uncertainties and unavailabilities, it gets very complicated. So we
try to see if we can solve the problem with SMT solving rather than
as a flow problem.
Stephan, can you also illustrate the kind of setting you
work on? Could you provide a little example?
S: Surprise, I have to do something with railways as well (laughs).
We have a lot of abandoned railway lines in Germany. Since
1994, roughly 6 000 kilometres were abandoned or, even worse,
dismantled. Say, we have some railway lines, some station around,
and another railway line coming in.
What we often have in a lot of rural areas is that there is another
line going outside, maybe to some smaller stations but without
actual traffic anymore. Our main question is whether it’s a feasible
and economically viable solution to bring autonomous small train
units with very limited capacity of 10 to 15 passengers outside, let
the passengers choose on demand (or a day before, depending
on whether you’re online/offline) the ways they want to choose,
like for going to a larger city, and reaching a connection or to do
some business. They should be able to decide where they want
to go and you as the operator should be able to decide whether
the request can be accepted, is accepted with delay or is to be
declined. That’s the basic setup.
The setup sounds more futuristic than the classical setup.
Nowadays you usually don’t call your autonomous train to
give you a ride. Are the techniques we use for scheduling
even applicable, or do you have to come up with completely
different ideas?
S: So first of all, it’s not futuristic at all. Automatic train operation,
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short just ATO, is used since the 1960s but mainly in metro
systems. So you have a high utilization but you need to get more
trains on the track to even cope with the higher demand. So the
base idea is not new. However what all those metro systems have
in common is that they are closed systems. So there’s only one
type of vehicles going around, you have closed infrastructure as
well, so you know you have no intruders or obstacles to detect,
so you know those metro systems where you have doors on the
platforms as well. There is no possibility that anything can get
onto the tracks. So the basic idea is not new, however, what’s
different here is that you most of the time have single tracks and
have to allow crossing, so in those metro systems you have just
unidirectional service just going in one direction and you have
to check whether your next section is clear or not. That’s in a
metro system. Here though you have further requirements for
the vehicles: they have to detect obstacles when they are going
around “unmanned”. So it depends on the grade of automation.
But what you want to achieve as well, is to save costs. On a
main line, most of the time it totally makes sense to have train
drivers around, but in this setting you want to get rid of staff cost
and operating only back and forth is not a desirable job anyway.
Nowadays, cars are aiming to going autonomous in different
grades of automation and with public transport or cars you have
this idea of “dial-a-ride” already. Now the idea is to bring together
ATO—which we already have—and this “dial-a-ride” concept from
the car or public transport perspective.
So you’re employing techniques from both these things to
make them work together. Rebecca, you use SMT solving.
What kind of problems do you encounter there? For

example, problems with undecidability or something like
that with all those constraints that you have?
R: So first of all I had to develop a model of the railway system,
because it’s a very complex system and if you would model every
detail, it’s unsolvable with that technique. So you kind of have
to find a model which is as precise as possible. It needs to lead
to realistic results, but still has to be as simple as we can do, so
we are still able to compute the results. In SMT solving it is also
important to use a problem formulation that is easy to solve. So
the problem formulation does have an impact on the running time
of such solvers, and this is why we are testing different encodings
of this problem to see whether that supports the solving process.
But you take fragments of logics which you do know work
in general, right?
R: Well yes, we are using existing SMT solvers mainly and don’t
develop the SMT solving ourselves, so of course we have to use
existing fragments of logics. Some of those are undecidable, yes.
Oh, so there maybe a case where it says “I don’t know”?
R: Sure, or it just takes forever. (laughs) So, yes, of course that’s an
issue but if that happens, you can further simplify the model and
refine your solution later on. Of course we have to deal with that
possibility.
Stephan, could you expand on the similarities or
differences between the development of static schedules
and your “dial-a-ride” setting?
S: The objectives, obtaining a schedule, are basically the same.
But other than in the static version, I would call it online and
offline. So in the offline setting, you get an order request on the
previous day and then you allow some computation time, and at
the end of the day you tell everybody what’s going to be the plan
for tomorrow and their schedule. So perhaps someone requested
“I want to go at 1 pm to the city” and you now find out only 1:05
works. Or maybe you have to reject and the question is how to
reiterate. The other setting is online, which comes down to really
saying “Hey, can you pick me up in x minutes? I want to go from A
to B.”. Then you need to check whether rerouting is a possibility,

whether you have capacity on the refills and so on. The online
version is way harder and even the offline version is a combination
of quite hard problems.
You said the setting is not that futuristic at all. Is there
some hope in the next couple of years or next couple of
decades, that we will see these autonomous systems
running around?
S: First of all, part of this thesis is the economical feasibility.
So whether it is feasible, what price I have to pay for it? There
is always a trade-off depending on who you ask with different
objectives. Passengers want to have minimal waiting times, the
operator wants to operate as few vehicles as possible and still
deliver some quality (however you want to measure it). And if
you’re asking the infrastructure as well, they want to have as
much traffic as possible. It generates money for them. So I can’t
give you an answer right now, ask me again when I’m finished
(laughs). The second part is technology. For this PhD project,
technology is not the problem at all. In fact, Siemens for example
has a design prototype right now and they are thinking about
deploying such a system, however there are still a lot of issues.
And even if everything is fine, you have the homologation process
with the authorities to get your system into use. Today it is the case
that if you want to deploy a vehicle in 15 to 20 years, you have to
schedule the date for the assessor right now (laughs). That’s how
it works today. There’s some work going on, but railways are in
general continuous and steady, but sometimes quite slow. If the
system were deployed, it would be quite nice, as there are a lot
of regions which still have those tracks around, but are not used.
There were in recent years many reactivations of railway lines that
were abandoned before and all those estimates before were very
pessimistic, but still were re-opened. And it always worked out
better than expected. So even if a system were deployed, it might
be that it’s working fine and then that a line comes back to regular
service. Hope would be that it gives some kind of start up and
makes it worthwhile to live in the village directly and to avoid traffic
jams, because most of the people living outside of the city centre
have the cars and do the traffic jams.
Hopeful vision (laughs). Rebecca, what about the results
of your work, could the better optimization you can maybe
get with SMT solving be used to schedule freight trains
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tomorrow?
R: It depends on how fast this is going to be when I’m done with
my thesis. Because if it leads to some results, but takes two
years to compute them, then its not feasible for practical use. So
that depends. But I guess if it would work, it would help utilize
the system in a better way or to make more educated decisions
on where to expend the existing infrastructure. So in some parts
that would hopefully have similar results to what Stephan said.
However a bit more indirectly, because freight trains wouldn’t infer
with passenger trains that much, even though even more freight
trains could be deployed. This would also have advantages on
traffic jams, because if you could transport more goods with trains,
there would be less vehicles transporting via streets. That might
be a benefit. But I’m not entirely sure whether my specific work
can be used directly. The way it is would probably require some
modifications when I’m done.
After talking about railways, what do you do during you
free-time?
S: First of all going home by train (laughs). At home, spending time
with my children, gaming, analogue and digital, and audio books
are a good way to use the time of commuting.
R: I like to read a lot and if I need to relax after an exhausting day
at work, I solve some puzzles. But I also try to make some time
to go jogging or if it’s too cold, get some kind of workout to have
some contrast to sitting in an office, thinking about things (laughs).
Thank you for your time!
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Verifying Fault Trees for Railway
Safety
Railway Engineering
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Name: Matthias Volk
Chair: Software Modeling and
Verification
Supervisor: Prof. Joost-Pieter Katoen

Central
Fault Trees:
·· Commonly used and well-known technique in safety and reliability engineering
·· Model how component failures lead to a system failure
·· Dynamic fault trees (DFTs) extend fault trees and allow for more realistic modelling
·· DFTs support spare management, dependencies between components, order-dependent failures, etc.
Goal
·· Apply DFT analysis to railway systems
·· Cooperation with Norman Weik from Institute of Transport Science

UnRAVeL Project
·· Created DFTs for railway station areas
·· Modelled infrastructure elements (switches, signals, etc.) and their influence on the routability of trains
·· Developed and implemented algorithms for DFT analysis
·· Analysed reliability of station area
·· Used criticality analysis of components to guide infrastructure management
Personal
·· Free-time activities include football with colleagues and reading good books
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Long-term Capacity Planning of
Railway Infrastructure A Stochastic Approach Capturing
Infrastructure Unavailability
Railway Engineering
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Name: Dr. Norman Weik
Chair: Railway Engineering and
Transport Economics
Supervisor: Prof. Nils Nießen

Central
·· QBD approach to forecast service quality in case of uncertain timetable structure in long-term planning
·· Efficient Kronecker-product setup and Krylov-based solution of models
·· Coupling to Semi-Markovian environment process modulating service capacity as a function of infrastructure
availability and failure processes
·· Assessment of the criticality of infrastructure components for the sustenance of service quality
·· Collaboration with Matthias Volk on DFT modelling of failure processes in railway station areas

Guiding Questions
·· What is the effective performance of railway systems in the presence of uncertainty of infrastructure availability?
·· Which components are particularly critical for guaranteeing good service quality?
·· What are the effects of infrastructure investments?
Personal
·· Free-time activities include travelling, hiking and attending concerts
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The PhDs
1. Algorithms and Complexity.
Martin Comis
Chair: Research Group Robust
Management of Healthcare
Supervisor: Prof. Christina Büsing		

2. Verification.
Marcel Hark
Chair: Research Group Programming
Languages and Verification
Supervisor: Prof. Jürgen Giesl

Dennis Fischer
Chair: Algorithms and Complexity
Supervisor: Prof. Gerhard Woeginger

Sebastian Junges
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen

Janosch Fuchs
Chair: Algorithms and Complexity
Supervisor: Prof. Gerhard Woeginger

Benjamin Kaminski
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen

Christoph Grüne
Chair: Research Group Robust
Management of Healthcare
Supervisor: Prof. Christina Büsing

Dominik Meier
Chair: Research Group Programming
Languages and Verification
Supervisor: Prof. Jürgen Giesl

Rebecca Haehn
Chair: Research Group Theory of Hybrid
Systems
Supervisor: Prof. Erika Ábrahám

Jasper Nalbach
Chair: Research Group Theory of Hybrid
Systems
Supervisor: Prof. Erika Ábrahám

Komal Muluk
Chair: Algorithms and Complexity
Supervisor: Prof. Gerhard Woeginger

Stefan Schupp
Chair: Research Group Theory of Hybrid
Systems
Supervisor: Prof. Erika Ábrahám

Vipin Ravindran Vijayalakshmi
Chair: Management Science
Supervisor: Prof. Britta Preis
Björn Tauer
Chair: Management Science
Supervisor: Prof. Britta Preis
Laura Vargas Koch
Chair: Management Science
Supervisor: Prof. Britta Preis
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Jip Spel
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen
Matthias Volk
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen
Tobias Winkler
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen

3. Logic and Languages.
Katrin Dannert
Chair: Research Group Mathematical
Foundations of Computer Science
Supervisor: Prof. Erich Grädel

4. Application Scenarios.
Nadine Friesen
Chair: Railway Engineering and Tansport
Economics
Supervisor: Prof. Nils Nießen

Peter Lindner
Chair: Logic and Theory of Discrete
Systems
Supervisor: Prof. Martin Grohe

Till Hofmann
Chair: Knowledge-Based Systems Group
Supervisor: Prof. Gerhard Lakemeyer

Daxin Liu
Chair: Knowledge-Based Systems Group
Supervisor: Prof. Gerhard Lakemeyer
Anton Pirogov
Chair: Logic and Theory of Discrete
Systems
Supervisor: Dr. Christof Löding
Martin Ritzert
Chair: Logic and Theory of Discrete
Systems
Supervisor: Prof. Martin Grohe
Tim Seppelt
Chair: Logic and Theory of Discrete
Systems
Supervisor: Prof. Martin Grohe
Richard Wilke
Chair: Research Group Mathematical
Foundations of Computer Science
Supervisor: Prof. Erich Grädel

Andreas Klinger
Chair: Research Group IT Security
Supervisor: Prof. Ulrike Meyer
Tabea Krabs
Chair: Research Group Robust
Management of Helathcare
Supervisor: Prof. Christina Büsing
Norman Weik
Chair: Software Modeling and Verification
Supervisor: Prof. Joost-Pieter Katoen
Stefan Wüller
Chair: Research Group IT Security
Supervisor: Prof. Ulrike Meyer
Stephan Zieger
Chair: Railway Engineering and Tansport
Economics
Supervisor: Prof. Nils Nießen

As UnRAVeL gradually develops, the material within this brochure can only provide insight into the Research Training Group in the
form of a snapshot. The topics presented here constitute the state of April 2020. As of mid-2020, 32 PhD students of four principal
areas of research have been affiliated with UnRAVeL. Some students are already graduated doctors, while others are new to the
team. This list contains all UnRAVeL affiliations in August.
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UnRAVeL Supervisors
Prof. Dr. ir. Dr. h. c. Joost-Pieter Katoen
Chair:		
Chair of Software Modeling and Verification
Email:		
katoen@cs.rwth-aachen.de
Website:		
moves.rwth-aachen.de
Research topic: probabilistic verification, probabilistic programmes, semantics,
			
concurrency theory, model checking
“UnRAVeL provides a unique, thrilling and multidisciplinary environment for young
researchers to pursue high-quality research on uncertainty and randomness. Inspiring
practical problems. New theories and algorithms. From theory to practice and back.”

Prof. Dr. Erika Ábrahám
Chair:		
LuFG - Theory of Hybrid Systems
Email:		
abraham@cs.rwth-aachen.de
Website:		
ths.rwth-aachen.de
Research topic: decision procedures, SMT-solving, non-linear optimization, bounded
			
model checking, modelling, synthesis, and analysis of hybrid systems,
			
analysis of probabilistic systems, counterexample generation
“UnRAVeL offers a unique environment for PhD students to discover fun and enthusiasm
for interdisciplinary research, team play in discussions and cooperations, the beauty of
theoretical topics, and the elegance and efficiency of practical solutions.”

Prof. Dr. rer. nat. Christina Büsing
Chair:		
Research Group Robust Management of Healthcare
Email:		
buesing@math2.rwth-aachen.de
Website:
www.math2.rwth-aachen.de
Research topic: optimisation of uncertainties, robust optimisation, scenario generation,
			
combinatorial optimisation, complexity, optimality criteria, exact
			
algorithms, heuristics, applications from healthcare, energy and
			
traffic optimisation sectors
“Uncertainties are omnipresent. Modeling, structuring, analysing and understanding
them is of utmost importance: the right task for UnRAVeL. UnRAVeL provides a young,
dynamic, creative and interdisciplinary platform for excellence in research.”
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Prof. Dr. rer. nat. Jürgen Giesl
Chair:		
LuFG Programming Languages and Verification
Email:		
giesl@informatik.rwth-aachen.de
Website:
verify.rwth-aachen.de
Research topic: program analysis, verification, rewriting, automated deduction
“The research training group UnRAVeL is a unique interdisciplinary environment for young
scientists in order to pursue research on all aspects of randomness in computer science.
In this way, it will advance the state of the art in this field substantially.”

Prof. Dr. phil. Erich Grädel
Chair:		
LuFG Mathematical Foundations of Computer Science
Email:		
graedel@logic.rwth-aachen.de
Website:		
logic.rwth-aachen.de
Research topic: algorithmic model theory, logic and game theory, logic and algorithms,
			
fixed-point logics, logics for dependence and independence
“In UnRAVeL, young researchers have unique opportunities to perform exciting research
on uncertainty in all its facets, combining theoretical results in logic and algorithms with
interesting practical applications in many areas.”

Prof. Dr. rer. nat. Martin Grohe
Chair:		
Chair for Logic and Theory of Discrete Systems
Email:		
grohe@informatik.rwth-aachen.de
Website:
www.lics.rwth-aachen.de
Research topic: logic, algorithms and complexity, database theory, graph theory,
			
algorithmic learning theory

The RTG UnRAVeL iinvolves 12 principle investigators from 4 different departments and
is led by the spokesman Prof. Dr. Ir. Joost-Pieter Katoen.
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Prof. Gerhard Lakemeyer Ph.D
Chair:		
LuFG Knowledge-Based Systems Group
Email:		
gerhard@informatik.rwth-aachen.de
Website:
www-i5.informatik.rwth-aachen.de
Research topic: artificial intelligence, knowledge representation, cognitive robotics
“Robotics is all about dealing with uncertainty at all levels. UnRAVeL provides an ideal
environment to study these issues and get inspirations from many other areas, both
practical and theoretical.”

Dr. rer. nat Christof Löding
Chair:		
Chair of Logic and Theory of Discrete Systems
Email:		
loeding@informatik.rwth-aachen.de
Website:
www.lics.rwth-aachen.de
Research topic: automata theory, synthesis, games
„With UnRaVeL there is no more need to be afraid of uncertainty and randomness, at least
as far as verification and logic are concerned.“

Prof. Dr.-Ing. Ulrike Meyer
Chair:		
LuFG IT Security
Email:		
meyer@itsec.rwth-aachen.de
Website:
itsec.rwth-aachen.de
Research topic: intrusion detection, privacy enhancing technologies, wireless security,
			
security education
“UnRAVeL will allow us to base the analysis of real-world security and privacy problems
on a solid theoretical ground and will thus enable a more precise reasoning on the
quantitative as well as qualitative properties of our solutions.“
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Prof. Dr.-Ing. Nils Nießen
Chair:		
Institute of Transport Science
Email:
niessen@via.rwth-aachen.de
Website:
www.via.rwth-aachen.de
Research topic: railway operation, railway signaling, transport economics
“Particularly in the case of railways, open questions can often only be answered in an
interdisciplinary approach. UnRAVeL combines several disciplines and enables young
researchers to analyse problems from different perspectives.”

Prof. Dr. rer. nat. Britta Peis
Chair:		
Chair of Management Science
Email:		
britta.peis@oms.rwth-aachen.de
Website:
www.oms.rwth-aachen.de
Research topic: discrete optimization, algorithmic game theory, network flows
“UnRAVeL provides an active and fascinating environment for doctoral researchers, as
well as their supervisors, not only to learn about state-of-the-art methods and theories,
but also to find ways to combine and apply them, for all sorts of challenges in fields related
to algorithms, verification, and logic under uncertainties.”

Prof. Dr. Gerhard Woeginger
Chair:		
Chair for Algorithms and Complexity
Email:		
woeginger@algo.rwth-aachen.de
Website:
algo.rwth-aachen.de
Research topic: approximation algorithms,combinatorial optimization, planning and
			
scheduling, complexity theory
“Approaches to algorithmic problems from the real world usually have to fight against
noisy data and uncertainty. The researchers in UnRAVeL design fast, robust and stable
algorithms that are able to cope with uncertainty in the data.”
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The Qualification Programme
The Qualification Programme of UnRAVeL
The three pillars carrying the qualification programme are the study programmes, the continuous exchange
with visiting researchers and additional qualification measures. The foundation of that concept is the double
supervision principle.
The Study Programme
The study programme consists of different events and measurements which are open to all UnRAVeL members.
The bi-weekly half-day seminars are at the heart of UnRAVeL for exchanging the latest research results. The
survey lecture is a set of introductory lectures on randomness and uncertainty and gives a broad overview on
the topics and application areas of the research training group. The advanced lectures, in contrast, provide
appropriate lectures. They are part of existing Master Programmes in Aachen or newly developed lectures that
are tailored to the needs and topics of UnRAVeL. Moreover, UnRAVeL reading groups take single articles or
books as a basis for discussions.
Visiting Researchers
The second pillar is formed by the visiting researchers. National and international guests are visiting the research
training group on average every two weeks. Their stays are usually not only limited to one presentation but are
rather of a longer duration. The new contacts frequently turn into research relationships leading to the PhD
students conversely being invited to the home institutes – for shorter stays as well as longer periods of time.
Additional Qualification Measures
The additional qualification measures are referencing to the personal development and maturing of the PhD
students, for example the PromotionsCafé or the various CDS (Centre of Doctoral Studies) – offers. Additionally,
the organisation of scientific events is also part of the training within the research training group. At regular
intervals the UnRAVeL members meet for excursions or round tables outside of regular office hours.
Events of partner institutes, whether RWTH-internally or -externally, are happily visited.
The Foundation
The foundation is the supervision of the doctoral researchers by a primary and a secondary supervisor each
providing the expertise for the research fields involved. Together with the study programme of this research
training group, the doctoral researchers will acquire a broad perspective on uncertainty and randomisation from
which they will benefit in their future career (in and outside academia).
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Gender & Diversity
UnRAVeL speaks up for the equality of opportunity and the equalisation of academics. The goals are on the one
hand the well-balanced relation between genders in the academic system and on the other hand the compatibility
of family life and academic career. Measures and background information, which are executed within the scope of
UnRAVeL in order to reach these goals involve the event Girls’Day, the PromotionsCafé and CDS seminars.

Gender Team
The gender team consists of Ph.D students and a coordinating representative. Current topics are discussed and
new initiatives such as the PromotionsCafé or the Girls‘Day are conceived.
Our measures aim to help to increase the number of female scientists at the project management level, to qualify
the young female scientists working in the research network for their scientific careers and to make the science
workplace more family-friendly.
Girls’Day
UnRAVeL-members support the Girls‘Day and their participants. During the day, discussions about computer
science, a tour around the Computer Science Department as well as visits of professors, who talked about their
career experience, take place.

Literature and Media Collection: you can find a collection of articles and other media on the topic of
„Gender & Diversity“ on our website. Have a look!
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PromotionsCafé
The PromotionsCafé is a platform for doctoral candidates to discuss matters beyond the everyday academic
activities, such as career planning, job opportunities, as well as gender- and diversity- related and other topics.

Boost for female members of the GRK
We support our female research and doctoral students in career development measures and encourage them to
participate in mentoring programmes, soft skill courses or coaching. We also encourage them to participate in
network building activities.
Childcare
In cooperation with the family service office, we organise childcare outside the opening hours of day-care centres.
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UnRAVeL‘s Internal
Structure and External Relationships
Interface and management within RTG members, and between external contacts and internal RWTHestablishments.
Helen Bolke-Hermanns
Programme Coordination
Management

Birgit Willms		
Organisation			
International Communication		
Finance
Human Resources				

The fellowship within the Research Training Group is not only about research exchange. Many decisions and
actions arise from the collegial cooperation between the individual groups.
Thus, in permanently existing teams such as the Steering Committee, the Gender Team and the Orgateam, there
are always representatives of the PhDs, Associates, PIs and Coordination.
It is precisely this cooperation that leads to an intensive exchange and cohesion.
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Organisation and Teams
Steering Committee
The Research Training Group is managed and represented externally by the spokesman and is supported
by a Steering Committee. The members of the steering committee are the spokesman, two applicants, two
coordinators and two more PIs. The steering committee is responsible for all strategic aspects of the Research
Training Group.

Orgateam
The doctoral researchers have a prominent role in shaping and organizing the daily affairs within the Research
Training Group. This Orgateam consists of 4–5 doctoral students and the coordinators. It is responsible for
example for the organisation of the bi-weekly Research Training Group meetings, the Spring workshop, and
organisation of the annual Dagstuhl meeting of all German Research Training Groups in Computer Science.
Genderteam
The Research Training Group has implemented a comprehensive gender and diversity strategy that pursues the
goal of realising structural equality. Events focusing on gender equality are integrated within the regular Research
Training Group programme specifically to expand the view of life-balance, diversity and gender issues. We
organize these events as part of a quarterly “PromotionsCafé”, offer workshops at the Girls’ Day and build a media
collection about the topic.
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Cooperation and Foundation
DFG
The Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) is the central, independent
research funding organisation in Germany. It serves all branches of science and the humanities by funding
research projects at universities and other research institutions.
The DFG promotes excellence by selecting the best research projects on a competitive basis and facilitating
national and international collaboration among researchers. Its mandate also includes encouraging the
advancement and training of early career researchers, promoting gender equality in the German scientific
and academic communities, providing scientific policy advice, and fostering relations between the research
community and society and the private sector.
The DFG is an association under private law. Its member organisations include research universities, nonuniversity research institutions, such as the Max Planck Society, Fraunhofer Society, the Helmholtz Association
and the Leibniz Association, the academies of sciences and humanities, and a number of scientific associations.
The DFG has a current annual budget of €3.2 billion, provided primarily by the German federal government (68%)
and the states (31%), but also including EU funds and private donations.
The Divisions of the RWTH
The Division 4.3 Career Development offers programmes, individual advising and coaching services for
different groups. The Centre for Doctoral Studies (CDS) is the central office for extracurricular qualifications for
doctoral candidates. The CDS offers all doctoral candidates a comprehensive seminar programme for expanding
their transferable skills.
The Division 4.2 Management of Third Party Funds gives information and advice to the RTWH Research
Training Groups. Support measures are provided for all stages – from the initial search for the appropriate funding
body to application submission, drafting the contract, and flexible project planning.
As part of Gender and Diversity Management, the IGaD Staff Unit is the contact partner for any questions
involving equality and diversity. Thy advise interested individuals as well as Research Training Groups entirety.
The Equal Opportunities Officer supports the Research Training Groups in the promotion of women and in
implementing equality and equal opportunities in accordance with the NRW Equal Opportunities Act (de). The
Family Services Centre, which is run by the Equal Opportunities Office, provides advising and other services for
University members surrounding topics such as founding a family, maternal protection, parental leave, childcare,
and the care of relatives.
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The Staff Unit Marketing supervises the University‘s marketing activities and is responsible for branding and
promoting the corporate identity…like this brochure ;-)
The Forum for Female Doctoral Candidates is an independent, member-run project for promoting young
female researchers at RWTH Aachen. The forum is intended for female doctoral candidates in all faculties.
Gesellschaft für Informatik
The cooperation with the „Gesellschaft für Informatik“ (GI) is based on professional exchange and the desire
for design. We are also in dialogue with the public on questions concerning informatics and its effects and we
promote women working in informatics with the aim of equality.
Regina e.V.
The cooperation and dialogue between the REGINA e.V. members and the informatics, including UnRAVeL, are
encouraged. For instance some lectures are open for this audience.
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