Pre-nets, read arcs and unfolding: a functorial presentation^⋆

Paolo Baldan^1, Roberto Bruni^2, and Ugo Montanari^2

1 Dipartimento di Informatica, Università Ca’ Foscari di Venezia, Italia.

2 Dipartimento di Informatica, Università di Pisa, Italia.

baldan@dsi.unive.it, bruni@di.unipi.it, ugo@di.unipi.it

Extended abstract

P/T Petri nets are one of the most widely known models of concurrency. Since their introduction [Pet62], the conceptual simplicity of the model and its intuitive graphical presentation have attracted the interest of both theoreticians and practitioners. Nevertheless, the concurrent semantics of Petri nets present several subtleties that still cannot be considered fully understood.

In this presentation, we concentrate on the semantic interpretations arising from the so-called individual token philosophy (ITPh) as opposed to the collective token philosophy (CTPh), the latter being less amenable to the full variety of aspects that can be studied in the ITPh. (The two terminologies have been introduced in [vGP95].) Our twofold aim is: (1) to emphasise the missing fragments of the overall picture arising from the different semantic frameworks for P/T Petri nets (roughly classified in process-oriented, unfolding, algebraic, logical, categorical); (2) to outline some preliminary ideas and results for bridging the gaps in a formal and satisfactory way.

The process approach focuses on non-sequential computations. Several notions of (deterministic) processes have been proposed that rely on different abstractions in modelling resources, executed events and concurrent computations [BD87,GR83].

The unfolding approach is built, to some extent, on top of deterministic processes to account for a broader view of computations, which includes e.g. branching information. Starting from the seminal work of Winskel [Win87], which focuses on the simpler class of safe nets, several authors have contributed to the generalisation of the approach to the full class of P/T Petri nets. More precisely, the paper [Win87] shows that a chain of coreflections leads from the category Safe of safe nets to the category PES of prime event structures, equivalent the category Dom of coherent finitary prime algebraic domains, through the category Occ of nondeterministic occurrence nets. In [MMS92,MMS97a] it has been shown that essentially the same construction applies to the wider category of semi-weighted nets. The generalisation to the whole category of P/T nets requires some original technicality and and leads to a chain of proper adjunctions (rather than coreflections) from PTNets to DecOcc and then to Occ, with PTNets be the category of P/T Petri nets and DecOcc be the category of a special kind of occurrence nets, called decorated occurrence nets (see [MMS96] for details). We remind that when functors are left/right adjoints they preserve colimits/limits yielding good compositionality properties, as (co)limits can be used to express complex models in terms of simpler constituents.

The algebraic approach, originally proposed in [MM90] for the CTPh, recasts the process approach in universal algebras. The concurrent model of computation M [N] of a net N is obtained by lifting to computations the monoidal structure of states (multisets of places). The CTPh construction is expressed as an adjunction that associates with each net a monoidal category that is naturally isomorphic to the category of (commutative) processes. More importantly, it can be expressed at the logical level by a simple theory morphism in partial membership equational logic between the theories of nets and of commutative monoidal categories [BMMS01]. The extension of the algebraic approach to the ITPh presents several problems related to the fact that the monoidal operation on computations is only commutative up to a natural symmetric isomorphism. As a consequence, the first extension proposed in [DMM96] fails to preserves some ordinary simulation morphisms between nets. The situation has been improved through [MMS97b] up to a pseudo-functorial construction [Sas98].

⋆ Research supported by the IST Project AGILE and by the Italian MIUR Project COMETA. The second author is also supported by an Italian CNR fellowship for research on Information Sciences and Technologies, and by the CS Dept. of the Univ. of Illinois at Urbana-Champaign.

2 P. Baldan, R. Bruni and U. Montanari

A relevant advance of the theory has been the introduction of pre-nets [BMMS01], a variant of ordinary nets where a total ordering is imposed on the places occurring in the pre- and post-set of transitions. Pre-nets allow to obtain a fully satisfactory categorical treatment, where the construction of the model of computation yields an adjunction between the category of pre-nets and the category of models (symmetric monoidal categories). Any pre-net can be seen as a concrete “implementation” of the Petri net obtained by forgetting about the ordering of places in pre- and post-sets. Notably, the construction of the model of computation of any two pre-nets implementing the same Petri nets yields the same result, in a way that we can define the semantic of a net as the algebraic semantic of any of its implementations.

Still several results are needed to complete the missing links in the theory.

A domain semantics for pre-nets can be obtained by generalising a construction proposed for ordinary nets in [MMS96]. More specifically, the comma category (m ↓ M [N]), where m is the initial marking of the net is a preorder, inducing a partial order whose ideal completion is a prime algebraic domain. Roughly this domain consists of the set of deterministic processes of the net (starting from the initial marking), endowed with a kind of prefix ordering.

Pre-nets lack an unfolding semantics, in the style of Winskel, associating to any pre-net first an acyclic pre-net representing any possible computation of the original net in a single branching structure, then an event structure and finally a prime algebraic domain.

Since the unfolding is essentially a nondeterministic process that completely describes the behaviour of a net, a clear link between the unfolding and the algebraic approaches is called for. Indeed, as for ordinary Petri nets [MMS96], we expect the domain originating from the algebraic model of computation through the comma contruction and the one extracted from the unfolding to be isomorphic.

The above result, as a side effect, would show that the outlined constructions associate the same domain to any pre-net implementing a given Petri net.

Finally, the pre-net and Petri net framework should be reconciled by explaining how the domain semantics of a net and of its pre-net implementations are related.

Similar considerations holds in the case of Petri nets with read arcs. Recall that the introduction of read arcs is motivated by a common phenomenon of distributed and parallel systems, namely the concurrent read-only access to shared resources. Exploiting previous works on the different semantic approaches for nets with contextual arcs (processes [MR95]; unfolding [BCM01,Bal00]; algebraic [GM96,BS01,MOS01]; logical [BMMS02]) we expect to be able to add the missing pieces of the ITPh theory, extending the analogous results obtained in the absence of read arcs.

References

[Bal00] P. Baldan. Modelling concurrent computations: from contextual Petri nets to graph grammars. PhD thesis, Department of Computer Science, University of Pisa, 2000. Available as technical report n. TD-1/00.

[BCM01] P. Baldan, A. Corradini, and U. Montanari. Contextual Petri nets, asymmetric event structures and processes. Information and Computation, 1(171):1–49, 2001.

[BD87] E. Best and R. Devillers. Sequential and concurrent behaviour in Petri net theory. Theoretical Computer Science, 55:87–136, 1987.

[BMMS01] R. Bruni, J. Meseguer, U. Montanari, and V. Sassone. Functorial models for petri nets. Inform. and Comput., 170(2):207–236, 2001.

[BMMS02] R. Bruni, J. Meseguer, U. Montanari, and V. Sassone. Functorial models for contextual pre-nets. Technical report, University of Pisa, 2002. To Appear. Available at http://www.di.unipi.it/~bruni/

publications/TR2002.ps.gz.

[BS01] R. Bruni and V. Sassone. Two algebraic process semantics for contextual nets. In H. Ehrig, G. Juhás, J. Padberg, and G. Rozenberg, editors, Advances in Petri Nets: Unifying Petri Nets, volume 2128 of LNCS, pages 427–456. Springer Verlag, 2001.

[DMM96] P. Degano, J. Meseguer, and U. Montanari. Axiomatizing the algebra of net computations and processes.

Acta Informatica, 33:641–647, 1996.

[GM96] F. Gadducci and U. Montanari. Axioms for contextual net processes. In Proceedings of ICALP’98, 25th International Colloquium on Automata, Languages and Programming, volume 1443 of LNCS, pages 296– 308. Springer Verlag, 1996.

Pre-nets, contexts and unfolding 3

[GR83] U. Goltz and W. Reisig. The non-sequential behaviour of Petri nets. Inform. and Comput., 57:125–147, 1983.

[MM90] J. Meseguer and U. Montanari. Petri nets are monoids. Information and Computation, 88:105–155, 1990. [MMS92] J. Meseguer, U. Montanari, and V. Sassone. On the semantics of Petri nets. In Proceedings of CONCUR ’92, volume 630 of LNCS, pages 286–301. Springer Verlag, 1992.

[MMS96] J. Meseguer, U. Montanari, and V. Sassone. Process versus unfolding semantics for Place/Transition Petri nets. Theoretical Computer Science, 153(1-2):171–210, 1996.

[MMS97a] J. Meseguer, U. Montanari, and V. Sassone. On the semantics of Place/Transition Petri nets. Mathematical Structures in Computer Science, 7:359–397, 1997.

[MMS97b] J. Meseguer, U. Montanari, and V. Sassone. Representation theorems for Petri nets. In Ch. Freksa, M. Jantzen, and R. Valk, editors, Foundations of Computer Science: Potential - Theory - Cognition, to Wilfried Brauer on the occasion of his sixtieth birthday, volume 1337 of LNCS, pages 239–249. Springer Verlag, 1997.

[MOS01] J. Meseguer, P.C. Ölveczky, and M.-O. Stehr. Rewriting logic as a unifying framework for Petri nets. In H. Ehrig, G. Juhás, J. Padberg, and G. Rozenberg, editors, Advances in Petri Nets: Unifying Petri Nets, volume 2128 of LNCS, pages 250–303. Springer Verlag, 2001.

[MR95] U. Montanari and F. Rossi. Contextual nets. Acta Informatica, 32(6), 1995.

[Pet62] C.A. Petri. Kommunikation mit Automaten. PhD thesis, Schriften des Institutes für Instrumentelle Matematik, Bonn, 1962.

[Sas98] V. Sassone. An axiomatization of the category of Petri net computations. Mathematical Structures in Computer Science, 8(2):117–151, 1998.

[vGP95] R. J. van Glabbeek and G. D. Plotkin. Configuration structures. In D. Kozen, editor, Proceedings of 10^{th} Annual IEEE Symposium on Logic in Computer Science, pages 199–209. IEEE Computer Society Press, June 1995.

[Win87] G. Winskel. Event Structures. In Petri Nets: Applications and Relationships to Other Models of Concurrency, volume 255 of LNCS, pages 325–392. Springer Verlag, 1987.