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1 Summary

Reachability problems are a key component in CPS verification, particularly when continuous
state variables are involved. For the project I built a tool similar to DryVR that extends the use
of symmetries in a state space accelerate reachability analysis of Multi-agent and hybrid systems.
Additionally, I worked with Hussein Sibai to construct well thought through abstractions of con-
trollers, hybrid systems, and reachability computation in general, in order to build a modular
reachability framework that can support modular refinement strategies, many Reachtube compu-
tation engines, and differing symmetry accelerators.

Possible future directions of this work include taking advantage of the modular system being de-
veloped to test the impact of using different types of reachtube computers, discrepancy functions,
symmetry approaches, and refinement strategies.

2 Related work

This work is an attempt to improve the modularity of DryVR[2] as well as building out support
of more complex features that should make the building of future reachability analysis features,
much easier. Additionally we are primarily building this new system because it became infeasable
to implement multi-agent reachability and symmetry acceleration within the original DryVR ap-
plication, and we can replace the need for using DryVR by actually depending on an abstraction
for a reachability engine in general. We abstracted the work of a reachability engine down to given
an initial set of states, and a model’s information, provide a reachtube that contains the true reach-
able set of states for that model and initial set. This abstraction allowed us to develop a Tool that
used DryVR for reachability analysis, as well as Flowstar as a reachability engine [1]. We also im-
proved the hybrid system handling as compared to DryVR by more tightly taking the interesection
between the reachset and a guard to reduce the next mode’s initial set. These improvements upon
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the related work, as well as the potential for this project to expand upon the results of Hussein
Sibai’s and my ATVA paper on symmetries in Dynamical systems, really illustrate the importance
of this project [3].

3 Individual Contribution

The bulk of this project work was discussed and targeted towards a paper submitted to TACAS
2019 attached in the zip folder along with this document and the presentation, and that paper
should be viewed as the report that comes with this project. This writupe is included with that
submissions because it is important to distinguish the author’s contributions in this work, and
discuss the additional work related to this project that was not covered in the paper.

In addition to the work discussed in the paper, we developed a concept of a physical space to
project into for dynamic safety checking period. I have developed the abstraction to project a
reachable set of states down to a physical space (including bloating in the physical dimensions
to account for the size of an agent). I developed the software for the symmetry cache and trans-
formation utilities that enable easy changing of states to and from the virtual space. I developed
the wrapper and reachability engine abstraction to be able to use Flow* as a reachability engine
with our work to show the validity of symmetry with other reachability engines. I also built the
foundations of the tool as a whole by created and implementing the I/O abstraction for any of
the models our tool can verify. Ultimately the work has proven that we can really take this theory
of a virtual space and apply it across a wide range of reachability problems, and my project and
successfully resulted in a highly modular and concise code base from which we can build and
further explore the use of symmetry and decomposition in reachability analysis for verification.
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