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Petri nets are widely used as an underlying framework for formalizing and verifying IT sys-
tem models. Based on their easy-to-understand graphical representation, rich mathematical
background, and precise semantics, they are appropriate to model IT systems, e.g., production
systems with quantitative properties.

The production of desired materials can be formulated as a reachability problem of its Petri
net model, which can be analyzed by linear algebraic techniques (solving linear inequality
systems). However, traditional reachability analysis techniques can result in a state space ex-
plosion, while the much more efficient numerical methods (often with polynomial runtime) for
invariant computations give either sufficient or necessary conditions only [1].

Process Network Synthesis (PNS) algorithms are widely used in chemical engineering to
estimate optimal resource allocation and scheduling in order to produce desired products from
given raw materials. By means of PNS algorithms [2], sufficient and necessary conditions for
solution structures are determined defining the entirely solution space, and the search of opti-
mal solutions (with respect to functions interpreted over the state space) is provided [3]. More-
over, PNS algorithms that exploit the specific combinatorial features of PNS problems can be
applied to Petri nets in order to give more efficient mathematical methods for their analysis.

The current paper presents efficient semi-decision and optimization methods for the reach-
ability problem based on the strong correspondence between Petri nets and Process graphs.
PNS algorithms, Maximal Structure Generation (MSG), Solution Structure Generation (SSG) and
Accelerated Branch and Bound (ABB) algorithms can be adapted to solve the reachability prob-
lem of Petri nets (formulating as a mixed integer linear programming problem). We show that
the ABB algorithm can be used to solve scheduling problems efficiently, and can be extended
for other Petri net analysis, e.g., to determine T-invariants of a Biichi net [4].
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