Ensuring Safety of Large-Scale Structures

Background

The application of cyber-physical systems in safety-critical environments requires formal veri-
fication techniques in order to ensure correct functionality. Reachability analysis is one of the
main techniques to provide safety guarantees: A tight over-approximation of the reachable
set of states of a dynamical system is computed and checked against a set of unsafe states,
which is usually given by unwanted system behavior. If the reachable set and the unsafe
set do not intersect, safety is formally guaranteed. In general, we can only compute over-
approximations of the reachable sets to maintain soundness, but the computational effort
increases with the system dimension, which recently led to the development of specialized
methods for large-scale systems.

The Olympiaturm in Munich's Olympiapark. The verification of such a large-scale structure requires
specialized methods. Image from https://www.muenchen.de/sehenswuerdigkeiten.

Description

In this thesis, the mechanical model of a tall building (see Figure above) is considered which
gives rise to a large-scale linear system. These systems are usually described by sparse system
matrices containing blocks (submatrices) of empty, diagonal, or tridiagonal matrices, which
can be exploited to achieve a more efficient reachable set computation. This thesis is aimed
at leveraging block decomposition methods [2], where the system matrix is decomposed into
blocks in order to decrease the complexity of the operations of the reachability algorithm.
Furthermore, the sparsity also allows to neglect dimensions which are irrelevant for the verifi-
cation task. All programming will be done in MATLAB, and the final implementation should
be integrated into the CORA toolbox [1].

Tasks

e Development and implementation of block-decomposition methods for reachability ana-
lysis of large-scale linear systems

e Evaluation of the performance on a provided scalable tall building benchmark

o Integration of the final implementation into the CORA toolbox
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