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Equivalence notions and refinement
for timed Petri nets*

Irina B. Virbitskaite, Igor V. Tarasyuk

The paper is contributed to develop a family of equivalence notions for real-
time systems represented by labelled Merlin’s time Petri nets with zero length time
intervals (i.e., with fixed time delays). We call them “timed Petri nets”. In par-
ticular, we introduce timed (time-sensitive), untimed (time-abstracting) and region
(based on the notion of region [1]) equivalences in both the trace and bisimulation
semantics. The interrelations of all the equivalence notions are examined for a gen-
eral class of timed nets as well as for a subclass of untimed nets (timed nets with
time delays equal to zero’s). Further we define a timed variant of state-mashine
refinement [4] and investigate how the proposed equivalence notions behave with
respect to this class of refinements.
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1. Introduction

An important ingredient of every theory of concurrence is a notion of equiv-
alence between systems. Typically, equivalences are used in the setting of
specification and verification both to compare two distinct systems and to
reduce the structure of a system. Over the past several years, a variety
of equivalences — most notably, perhaps, trace and bisimulation ones —
have been promoted, and the relationship between them has been quxte
well-understood (see, for example, [8]).

Those equivalences were considered for formal system models without
time delays. Recently, a growing interest can be observed in modeling real-
time systems which imply a need of a representation of the lapse of time.
Several formal methods for specifying and reasoning about such systems
have been proposed in recent years (see [3] as a survey). Whereas, the in-
corporation of real time into equivalence notions is less advanced. There
are a few papers (see, for example, (2, 5, 11]), where decidability questions
of time-sensitive equivalences are investigated. In these studies, real-time
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systems are represented by parallel timer processes or timed automata, con-
taining fictitious time measuring elements called clocks. However, concur-
rence cannot be modelled directly by such timed states graphs. On the other
hand, to model real-time systems over dense time domain, Petri nets with
time delays were considered in [9, 13]. A timed net proceeds in one of two
ways: by firing transitions or letting a certain amount of real time pass.

For the design of concurrent systems, it can be useful to consider a hier-
archy of their descriptions, which allows refinement of unstructured entities
on a more abstract design level by complex structures on a lower level. The
notion of refinement has found considerable interest in the literature, but,
to the best of our knowledge, with reference to untimed systems (see, for
example, (4, 6]). Contributions usually consist of congruence results, i.e., an
equivalence is defined and for abstract system descriptions it is shown: if
two such descriptions are equivalent and both are refined in the same way,
then the resulting detailed system descriptions are equivalent again.

Our main aim here is to develop a family of equivalence notions and
establish their interrelations for real-time systems represented by Petri nets
with fixed time delays (timed nets). Essentially, our model is labelled Mer-
lin’s time nets with time intervals of zero length. A second point of the
paper is to define a timed variant of action refinement and to investigate
how the proposed equivalence notions behave with respect to this class of
refinements. _

There have been various motivations for this work. One has been the
papers (2, 5, 10, 12|, in which the definitions of timed (time-sensitive) and
untimed (time-abstracting) equivalence notions were given for parallel timer
processes and timed automata. Timed equivalences can measure the exact
real-numbered duration of every delay, whereas untimed ones abstract away
from the lapse of time. The paper [1] has proposed the notion of region (an
equivalence class of states) to be able to construct a finite representation of
the space of states of timed automata. However, hitherto the literature of
timed Petri nets has lacked such the equivalences. Therefore we attempted
to introduce timed, untimed and region equivalence notions in both the trace
and bisimulation semantics and to establish their interrelations, resulting in
a lattice of implications. Furthermore, the coincidence between timed and
region variants of the equivalences was proved, implying simplification of
timed equivalence checking. A next origin of this paper was the notion of
action refinement that was not received much attention in the field of the
design of real-time systems. In this regard, the paper [7] is a welcome ex-
ception, in that a design method for real time systems developed through a
sequence of reginement steps, applied to timed Petri nets was put forward.
Following [4], where a notion of state-machine refinement (SM-refinement)
was introduced for untimed Petri nets, we considered a timed variant of the
refinement under which the transitions with the fixed label and time delay






