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Case Study:
Provably Safe Neural Control of Cooling Towers

Master’s Thesis

Background. Recently, it has been investigated whether NNs can be used to control the behavior
of cooling towers at CERN’s LHC [2]. This is desirable in principle, as NNs can represent
complex, efficient control strategies as a (comparatively) efficient computation. However, to put
such NNs into practice, it is paramount to ensure their safety, e.g. to prevent overheating.

Recent work at KIT has investigated both how heating/cooling systems can be formalized in
differential dynamic logic (dL) and how control envelopes formalized in dL can be used for NN
verification [4].

Task. In this work, we want to investigate how dL results for cooling systems and switched
systems can be leveraged to (dis)prove the safety of the NNs proposed by Lopez-Miguel et

al. [2]. Prior work proposes a switched system formulation [1] for the considered cooling system,
which could also be formalized in dL [3]. This raises the question to what degree the NN
verification approach VerSAILLE [4] is directly applicable to switched systems or what changes

are required in this case. The task for this Master’s thesis would be to formalize the given system
in KeYmaera X and to subsequently (dis)prove the safety of the NN Control System given in [2]. If
necessary, further safe NNs could be trained.

Stichworte: Differential Dynamic Logic, Switched Systems, Neural Network Verification,
Cyber-Physical Systems
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