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Abstract. Petri nets are widely used to design a liveness-enforcing Petri net super-
visor for deadlock prevention in a flexible manufacturing system. A monitor-based su-
pervisor performs better, i.e., with more permissive behavior, if its monitors are well
designed. Deadlock control policies developed by max-controlled siphons are shown to be
overly conservative from permissive behavior points of view. On the basis of the concept
of max’-controlled siphons, this paper provides three methods, from structural points of
view, to design monitors for siphons in S4R nets, systems of simple sequential processes
with shared resources. A deadlock prevention policy is developed accordingly, leading to
liveness-enforcing Petri net supervisors with more permissive behavior. The proposed
approaches and algorithm are then illustrated through an example.
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1. Introduction. In a flexible manufacturing system (FMS), a deadlock means that
two or more precesses keeps waiting indefinitely for the other to release resources [1].
Deadlocks can greatly decrease the productivity of an FMS. Therefore, they are extremely
undesirable in a highly automated FMS and should be dealt with.

A Petri net (PN) is a graphical and mathematical modeling tool and has been well
developed. There are many extensions to Petri nets, e.g., colored Petri net [2], timed
Petri net [3] and extended Petri net with condition information [4]. As the development
of Petri nets, they have been used in many areas such as software design [5], data analysis
and manufacturing systems [6, 7].

Petri nets can efficiently characterize the behavior and properties of an FMS, such as
concurrency, conflict, causal dependency, liveness and boundedness [8, 9]. Therefore, they
are adopted to deal with deadlock problems in an FMS. Deadlock prevention, as one of
the well-defined approaches to tackle deadlock problems, has drawn much attention in the
past twenty years [8, 10, 11, 12, 13, 14, 15]. It can be achieved by designing a live system
[16] or by using an offline computational mechanism to control the requests for resources
and ensure that deadlocks never occur. The latter is usually implemented by designing a
supervisor that consists of monitors and related arcs to be added to the original net model
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