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Overview:

Since embedded systems usually have to react to changes in the
embedding environment, they need to guarantee a correct timing
behavior. For example, the Electronic Stability Program (ESP) in a car
constantly monitors speed, grip, etc. of wheels and reacts accordingly
to avoid skidding and sliding. Clearly, to achieve the desired effect,
ESP needs to react to changes within given time upper bounds or
deadlines. Traditionally, when developing embedded systems, pro-
gramming languages such C, C++ or Java are used. However, these
were initially not conceived for this purpose and do not provide any
language-level support for specifying timing within programs. As a
consequence, the testing and verification process becomes very cum-
bersome. In this course, we will study programming languages which
specifically originated for developing embedded software. Such pro-
gramming languages allow accounting for timing and ease the process
of guaranteeing a correct behavior of programs. In particular, we will
deal with so-called synchronous languages such as Esterel and Lus-
tre. The course makes special emphasis on the differences between
synchronous and traditional languages, on the advantages and disad-
vantages of different programming paradigms, etc. In addition, partici-
pants will have the opportunity of gaining experience with the different
languages and getting to know commercially available tools in a num-
ber of lab sessions.

Objects:

Understanding of the difficulties in the development of real-time and
embedded systems;

Deep understanding of synchronous programming languages, their
advantages and disadvantages;

Basic experience with real-time programming languages to develop
embedded software

Requirements

knowledge of C programming language
basic understanding of real-time and embedded systems

Level Master
Semester Summer
ECTS 5
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Language of teaching
materials

English & German

Contents

Programs:

Master Computer Science;

Master Applied Computer Science;
Master Automotive Software Engineering;
Master Biomedical Technology;

Master Web Engineering.

Overview:

This course presents basic concepts for analysis, modeling, and design
of dependable systems.

Both hardware as well as software systems will be discussed.

Objects:

Basic approaches and measures of fault tolerance;
Disturbance models;

Techniques of error diagnosis;

System level fault tolerance;

Error in software.

Modeling qualification objectives:
Acquisition of skills to analyze system reliability and basic understanding
of problems of design of reliable systems.

Requirements

Basic knowledge on computer architecture/organization;
Operating system concepts;
Basic knowledge on mathematics, esp. probability calculus.

Level Master
Semester Winter
ECTS 5
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Overview:
Service-oriented architectures (SOA) represent an important technology
for modern software development for the web and cloud. The advantages
of SOA as a paradigm for distributed computing and as a basis of mod-
ern, distributed software are diverse.
Numerous architectural styles exist for the identification, use, linking,
realization and dissemination of loosely coupled software services acces-
sible via the Internet or the Web. The module presents basic approaches,
concepts, technologies, protocols and principles of modern software ser-
vices and deepens their systematic application in the area of Web Engi-
neering as well as SOA and distributed software.
The following aspects are deepened:
* XML-based web services;
Contents * REST architectural style;

* SOA components;

* Principles and patterns, e.g. Business Process Choreography, Enter-
prise Service Bus (ESB);

* Challenges for software services in the business environment;

* Modeling and life cycle;

The approaches and concepts are illustrated by many practical examples.

Objects:

Overview of basic questions and problems in service-oriented architec-
tures (SOA);

Classical protocols such as HTTP, SOAP and WS- *, knowledge of the
use of REST architecture, understanding of different SOA aspects, de-
sign, implementation, operation, and development of software services;
Approaches, models, technologies, principles and tools for software ser-
vices in the context of distributed software.

Requirements

Computer Networks

Level Master
Semester Winter
ECTS 5
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Overview:
The module introduces the "web and cloud phenomenon" as well as the devel-
opment of distributed applications and systems. The constant and rapid change of
requirements due to the global competition in software solutions poses new chal-
lenges for technology, software development and operation. In order to achieve
organizational goals, IT systems must not only be adaptive, flexible and integra-
tive, but should also be flexible and self-organizing. Modern software develop-
ment therefore uses flexible development processes and a mix of service-oriented
architectures, web applications and cloud infrastructures to develop software
solutions. The software development of such solutions must consider a variety of
different aspects of distributed software in order to meet the requirements and
basic quality criteria.
The first of the three goals of the module focuses on basic and modern software
development processes from Web Engineering. In addition to the development
process, the second goal is further developments in architecture, models, princi-
Contents ples, protocols, technologies and tools as well as the evolution of the web applica-

tion. Special attention is given to flexible and elastic software solutions. Both
technical solutions and corresponding elastic concepts are considered. Finally,
the last goal is the different forms and possibilities of the public and private cloud,
which are the third focus of the module. In addition, relevant, up-to-date aspects
and trends are discussed.

Objects:

Knowledge of basic problems in the field of modern software solutions, distributed
software, web applications and cloud computing; In-depth knowledge of ap-
proaches, methods, models, principles and tools in the area of web engineering
and cloud computing;

Ability to design, implement and operate sophisticated distributed applications;
Understanding and knowledge of different application architectures for flexible
and flexible software solutions;

Approaches, models, technologies, principles, and tools for web applications and
cloud computing.

Requirements

Computer Networks

Level Master
Semester Summer

ECTS 5
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Overview:
Social media and social networks change our perception of communica-
tive structures and bring changes to many social, economic and political
aspects. Over the last two decades, the communicative infrastructure has
changed dramatically with regional, national and global dynamics. And
today? Do social media and networks represent an opportunity for all
communicative processes? How can new applications be derived from
the mass data and their links, which are already made available through
the web and are constantly being expanded by social media? What is the
potential of observing these developments and how can they be mas-
tered?

Contents

The module introduces basic aspects of social networks and social media
as well as web science. Aspects of architecture, system theory, and
emergence-related phenomena such as self-organization are examined.
Next, technologies, frameworks and standards such as protocols and
relevant ontologies are taught. And finally, current trends and problems in
the areas of research are deepened by research and literature.

Objects:

Overview of basic questions and problems in the field of social media and
web science; Understanding of emergence phenomena; Standards, pro-
tocols, ontologies as well as approaches, models, technologies, principles
and tools for working with and using social media and web science.

Requirements

Basic knowledge of Computer Networks

Level Master
Semester Winter
ECTS 5
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Overview:
Neurocognition is a new branch of cognitive science, which derives
knowledge from research about the human brain.
The lecture will show how realistic neural models can be generated and
used to explore the working principles of the human brain. It is shown
how typical intelligent activities such as learning, attention orientation,
object recognition etc. can be explained as operations in neural networks.
For a deeper understanding, the exercises also require practical tasks on
the computer.
Contents

Neurocognition | provides an introduction to computational modelling at
the neural level. Starting with basic properties of electrical circuits, differ-
ent formal neuron models are introduced. The second focus is devoted to
learning and plasticity, where different learning rules are introduced and
discussed. Finally, different network mechanisms form the base for com-
plex large-scale models of the brain.

Objects:

Basic knowledge of Neurocognition in theory and practice

Requirements none
Level Master
Semester Winter
ECTS 5
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Overview:
Neurocognition Il illuminates more complex models of neuropsychological
processes with the aim of developing new algorithms for intelligent, cogni-
tive robots.
Topics are perception, memory, action control, emotions, decisions and
perception of space. For a deeper understanding, the exercises also
Contents come with practical training on the computer.

Neurocognition 1l is particularly devoted to model perception cognition
and behavior in large-scale neural networks. The course introduces mod-
els of early vision, attention, object recognition, space perception, cogni-
tive control, memory, emotion and consciousness.

Objects:

Specific knowledge of Neuro-cognition in theory and practice.

Requirements none
Level Master
Semester Summer
ECTS 5
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Overview:
ECUs (Electronic Control Unit) are highly connected embedded systems
that implement a variety of functions within a vehicle. Both their numbers
and the amount of data exchanged hereby increase steadily as cars are
becoming more and more complex.
In order to master this complexity, specific development methodologies
and processes are used. This lecture offers a basic introduction to the
development of automotive ECUs.
Based on the V-model, an assortment of relevant processes, methods
and technologies will be highlighted.
Contents

Main topics of this course are:

Specification methods;

Technical design of ECUs;

System architecture;

Automotive communication buses such a CAN and Flex-Ray;
AUTOSAR,;

Test and validation methods such as HIL, SIL, etc.

Objects:

Basic knowledge about the development and construction of automotive
control devices;

Specific knowledge in system architecture, bus technologies and design
and test of control devices

Requirements none
Level Master
Semester Winter
ECTS 5
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Overview:
Embedded systems play an important role in our every-day lives. In gen-
eral, they consist of microcontrollers, which are integrated in and control
so-called embedding systems such as cars or planes.
Since embedded systems strongly interact with their environment, they
need to work in real time, i.e., deadlines need to be met. In addition, em-
bedded systems need to cope with limited resources such as a reduced
computing and/or memory capacity, power limitations, etc.
As a result, a variety of techniques and technologies are used which are,
Contents in principle, completely different to those typically used in the desktop or

data processing domains and constitute the focus of this course.

Main topics are:

Concepts and tools for the development of embedded software;
Modeling and guaranteeing real-time constraints;

Basic concepts of control theory;

Typical hardware architectures for embedded systems;
Model-based software development, etc.

Objects:

Ability to evaluate and classify development methods for embedded soft-
ware, especially in the automotive sector.

Requirements

Basic knowledge in operating systems and software development.

Level Master
Semester Summer
ECTS 5
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Overview:
The course targets the development and analysis of software for embed-
ded systems. It is organized as a supervised lab, where participants de-
velop a proprietary serial communication protocol on an ATMega micro-
controller in C. At the end of the course, all student implementations will
be connected and interact with each other.
The course is offered in English language. Depending on the participant
feedback, it can also be offered in German language.
The first meeting is a lecture, where all subsequent meetings are orga-
Contents nized as lab work. Each lab requires preparation in the form of coding

assignments, for which the lab room is available during the whole lectur-
ing period. Your solution must be presented both to other students and
the supervisors during the lab. Suggested or necessary changes can then
still be implemented. Between the labs, the discussion forum should be
used for interaction between the students and the supervisors.

The course has a participant limit of 36 students and you will work in
teams of 2 persons. The registration for this course takes place during the
initial lecture. In case the number of interested students is too high, we
will conduct a small multiple choice test during the first lecture. Based on
your score in this test, you may be allowed to participate.

Requirements

One prerequisite for this course is a success grade in the Design of Soft-
ware for Embedded Systems (565050) course.

Besides that, you must have solid knowledge in the following topics:
Working in the Linux operating system

Development of real-time applications in C

Hardware-oriented software development, e.g. with memory-mapped I/O
The following skills are helpful, but can also be obtained by self-studying
during the course:

Working with the version control system Git;

Working with the documentation system Doxygen;

Reading chip documentations;

Working with MINICOM,;

Code review skills.

Level Master
Semester Winter
ECTS 5
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Overview:
The paradigms and concepts of combinatorial or sequential digital sys-
tems are different from the concepts of imperative programming lan-
guages.
This course outlines paradigms of hardware development and compares
them to the concepts of imperative programming languages. VHDL is
used as modelling language of sequential digital systems.
Main topics are:
VHDL basics (concepts, syntax, semantics);
Comparison to imperative programming languages;
Combinatorial systems and their modelling;
Contents Sequential systems and their modelling;

Components of register-transfer level and its VHDL modelling;
Modelling and implementation of complex systems;
Best practice in VHDL modelling.

The usage of development tools for simulation and synthesis will be
taught as well.

Objects:

Understanding of the paradigms of hardware development and of the
modelling language VHDL,;

Experiences in modelling, simulating and synthesis of combinatorial and
sequential systems.

Requirements

Precondition for participation on HW/SW Codesign Il (Module 555090)

Level Master
Semester Winter
ECTS 5
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Overview:
This course offers insight into the software development of ECUs (Elec-
tronic Control Unit), in which the aspects of communication and standard-
ization are particularly important.
The course consists of a lecture and five practical units.
Main topics are bus systems (e.g. CAN), system architecture (e.g. AU-
Contents TOSAR) and testing of ECUs.

The internship offers in-depth insights into software development for
ECUs.

Communication and standardization are of particular importance here.

Objects:

Acquire skills and abilities to design and test ECU functions.

Requirements

C Programming

Level

Master

Semester

Summer & Winter

ECTS




