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Kurzfassung:
Over the last decade the formalism of timed au-

tomata has become more and more important in the
field of modeling and verification of real-time systems.
However, its application leads to the following main
problems which were solved in the thesis:

• Large systems can be modeled only in a compli-
cated and unstructured manner. The model con-
sists of a collection of automata which communi-
cate only on one level. It is not possible to model
recurrent parts of the system in a reusable way,
they have to be defined as often as needed.

• The algorithmic verification is possible only for
small models because of enormous consumption
of time and memory (state-space explosion).

The modeling formalism Cottbus Timed Auto-
mata (CTA), which is introduced in the thesis, ex-
tends the existing concepts of timed automata by
means of modularity. The behavior of a CTA mo-
del is defined by mapping it onto timed automata.
Because of the ability of hierarchical structuring with
modules and the mechanism of instantiation for re-
current use of previously defined modules even large
systems can be modeled.

For the verification of CTA models an efficient
BDD-based reachability analysis is introduced
which outperforms the existing verification tools for
timed automata. One key to this improvement is to
use the modular structure of the model for the compu-
tation of good BDD variable orderings. Additionally,
refinement checking is defined and implemented,
which is also based on the efficient BDD representati-
on. This makes it possible to verify large models which
are intractable for pure model checking.

Timed automata are not sufficiently expressive to
model all aspects of a hybrid system. Therefore the
CTA formalism is extended from timed to hybrid au-
tomata. To integrate the verification of hybrid models
into the tool, a representation of the model on the
basis of the double description method, which is a
matrix-based data structure for convex polyhedra, is
implemented.

The theoretical concepts introduced in the first
part of the thesis were implemented in the tool Rab-
bit. The architecture principle is flexibility: not only
parts of the tool can be easily and flexibly extended or
changed, but also the whole data structure for the re-
presentation of the model can be chosen at run-time.
Therefore, the tool can serve as verification framework
for various (future) data structures for representation,
when new ideas about data structures and algorithms
have to be empirically evaluated. For a lot of example
models it has been shown that the tool Rabbit is more
efficient than the existing tools.

Finally, the thesis reports results of a case study
for modeling and verification of a large, realistic
system: a production cell with 44 sensors and 28 mo-
tors. The procedure of modeling is explained and the
hierarchical structure is sketched out. Properties of
the system are specified and verified. With the help
of modular proof principles, properties of the system
were verified not only for small parts of the model,
but also carried over to the whole system.

Conclusion: Contradicting the occasionally ex-
pressed opinion that the technology of model checking
has reached its limitations, this thesis has shown that
models of large size can be verified. The key idea is
the use of structure: a modeling formalism is intro-
duced to provide the expressiveness to reflect the ex-
plicit structure of components and its communication
in the model in a quite natural way. The structural
modeling allows the construction of models which are
understandable, easy to use and easy to adopt. Fur-
thermore, this structure is used to improve the perfor-
mance of the verification task. The BDD implementa-
tion reduces the size complexity of the representation
of configuration sets by using a structure-oriented va-
riable ordering. This allows efficient reachability ana-
lysis of large models. The refinement analysis supports
the application of compositional proof techniques. The
modular structure of the model does lead to refine-
ment structures which are not artificially created, but
they are compatible to the natural structure of the sy-
stem and therefore they can be used as abstractions
in modular proofs.


