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P/T Petri nets [Rei85] are unanimously considered as one of the most attrac-
tive concurrent models. When designing large systems, the more convenient
approach is to start by outlining a very abstract net model and then refining
each transition into a net that offers a more precise description of the activity.
For example, communication protocols for passing and retrieving information
cannot leave aside the fact that agent synchronization is built on top of finer
actions (e.g., for sending message requests and acks), which must be executed
according to certain operational strategies. This means that transitions are
seen, at the refined level, as atomic computations, that we call transactions,
which succeed when all the involved components conclude their tasks. In par-
ticular the commit of a transaction synchronizes all final operations of local
tasks. Several approaches have appeared in the literature that present refine-
ment techniques for top-down design of concurrent systems (e.g., the Petri Box
calculus [BDE93)), see [vGG98] for an overview. Typically, at each refinement
step a single transition ¢ of the net N is refined into a subnet M, yielding the net
N[t + M], but some constraints must be assumed on M for its behavior to be
consistent with that of ¢ [Vog87, Val79, SM83]. We adopt a different approach,
where all transitions of N are refined by runs of the same zero-safe net.
Zero-safe nets (ZS nets) have been introduced in [BM97] to provide a basic
synchronization mechanism for transitions, which is an essential feature for writ-
ing modular and expressive programs (P/T net transitions can only synchronize
tokens). Besides transitions and ordinary places (here called stable places), ZS
nets include a set of zero places. These are idealized resources that remain in-
visible to external observers, while stable markings, which just consist of tokens
in stable places, define the observable states of the system. The idea is that
any evolution step of a ZS net starts at some stable marking, evolves through
hidden states (i.e., markings with some tokens in zero places) and terminates
into a stable marking. Moreover, all the stable tokens produced during a certain
step are released together at the end of the step, when the commit is executed.
The synchronization of transitions is achieved via zero tokens: consider a
transition ¢ that produces a token in the zero place z, then to complete the step
there must fire a transition ¢ which consumes the token in z, but since at the
abstract level the computation is atomic, ¢ and ¢’ are synchronized. Pursuing
this view, a ‘refined’ ZS net and an ‘abstract’ P/T net are supposed to model the
same given system. The latter, where only stable places are considered, tells how



to abstract from the flow of zero tokens. The resulting computational strategy is
expressive enough to model, e.g., a multicasting system, simple process algebras
and non-deadlocking strategies for free-choice nets (cf. [Bru99, BM99a]). We
remark that the notions of ‘atomicity’ and ‘evaluation strategy,” required for
designing systems via refinement, are built-in inside the ZS net model, and that
a finite refined ZS net can represent an infinite abstract P/T net.

The operational and abstract semantics of ZS nets under the collective token
and individual token philosophies have been presented in [BM97, BM98], where
they are formulated as universal constructions in category theory. A comparison
between the two approaches and several applications can be found in [BM99a,
Bru99]. See [BM99b] for a tutorial presentation of the material.
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