Compositional coordinator synthesis for discrete event systems
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1 Introduction

The development complexity of high-tech systems has in-
creased due to increasing market demand for verified safety,
shorter time-to-market, and better performance. Model-
based systems engineering approaches provide advantages
for supervisory controller design. We consider discrete-
event systems modeled by extended finite automata (EFAs)
for which supervisory controllers need to be developed. The
supervisory control theory of Ramadge-Wonham provides
an approach to synthesize supervisors such that the con-
trolled behavior of the system is restricted to specified be-
havior [1].

One of the major drawbacks of synthesizing supervisory
controllers is the state-space explosion problem. There ex-
ist multiple attempts to overcome the computational diffi-
culties. Among them, several divide-and-conquer strategies
can be found, such as modular, hierarchical, decentralized,
and multilevel supervisor architectures.

A set of supervisors, for example obtained with modular su-
pervisory control synthesis, may be conflicting, which gives
rise to global blocking of the system. Therefore, a nonblock-
ing verification should be performed on the set of supervi-
sors. In case a conflict is identified, a so-called coordinator
needs to be synthesized. The current approach in the litera-
ture still suffers from the state-space explosion problem [2].

2 Result

Figure 1 shows our approach to efficiently synthesize a co-
ordinator. It utilizes compositional nonblocking verification
of [3]. The key idea of our compositional approach is to

reduce the state space to the essence of the blocking issue.

The approach works as follows: first a sequence of abstrac-
tions is deployed to rewrite and simplify the EFA-based sys-
tem models into a single one while maintaining the non-
blocking property, then a coordinator is synthesized for the
single automaton model, and finally this coordinator is re-
fined to let it control the original system. The approach en-
sures that the closed-loop behavior of the refined coordina-
tor and the original system is the same as the closed-loop
behavior of a coordinator obtained with monolithic synthe-
sis.

We have proven for ten different abstractions (in combina-
tion with their refinements) that they are coordinator equiv-
alent, allowing them to be used in this compositional ap-
proach. Examples of these abstractions are partial composi-
tion, variable unfolding, and event merging.
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Figure 1: The top row represents the compositional nonblocking verification of [3]. In this work, we propose the addition of the bottom row:
synthesize a coordinator based on the single, simplified automaton and then refine this coordinator back to the original system.



