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What are Petri nets? Why free-choice? Consequences and further work

Petri nets are a widely used and established
model for analyzing distributed and concurrent
systems, in which resources can be absorbed and
produced.

A Petri net N is a bipartite directed graph with two
types of nodes: places (S), denoted by circles, and
transitions (T), denoted by squares.

The edges of the graph are given by the flow
relation FC (S xT)U (T x S).

A marking M assigns tokens to the places of a
Petri net.

A transition t is enabled if all its input places have
a token.

When t fires, it takes one token from each input
place and adds one to each output place.

General Petri nets hold a strong expressive power
and the algorithmic analysis of some of their basic
behavioural properties is difficult [4]. Our work
focuses on free-choice Petri nets — a subclass that
strikes a balance between expressive power and
practical analysis [2].

Two main behavioural properties of marked Petri
nets are liveness (every transition can eventually
be fired) and boundedness (the token count does
not grow without limit for any of the places).

A Petri net is well-formed when there is an initial
marking for which the net is live and bounded.

For free-choice Petri nets, well-formedness can be
checked efficiently — in polynomial time.

The algorithms rely on the Rank Theorem, a deep
result from Petri net theory.
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The new approach allows us to derive the Duality
Theorem as a conseguence using the notion of
reverse-dual nets.

Furthemore, the important Coverability Theorems
are obtained as consequences using the new
notions introduced in [1].

We present a new polynomial algorithm for
deciding well-formedness, which relies on the
previously mentioned well-formedness
characterization.

The derived upper bound of O(/S/-[T|-/F|) on the
time complexity of our new algorithm is higher
than that of the most efficient known algorithms.
On the other hand, our algorithm is significantly
easier to understand as it does not rely on
nontrivial results.

A new structural characterization of well-formed
free-choice Petri nets was presented in [1]. Our
work provides a new proof of this characterization.
Our proof omits the use of the Duality Theorem
used in [1], and relies on the dual notions of semi-
S-components (semi-T-components), which are a
relaxed notion of special subnets called S-
components (T-components).
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