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Abstract: Many classical problems for Petri nets, in particular reachability and cov-
erability, have obvious counterparts for graph transformation systems. Similarly,
many problems for stochastic Petri nets, seen as a model for chemical reaction net-
works, are special cases of corresponding problems in graph transformation. For
example, the evolution of the counts of chemical species in a test tube over time is a
typical phenomenon from chemistry, which can faithfully be modelled and analysed
using stochastic Petri nets. The corresponding mean quantitative coverability prob-
lem for stochastic graph transformation is simple to describe — yet hard to solve.
This extended abstract summarises the fundamental ideas and challenges.
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Reachability and coverability are well-known problems for Petri nets and graph transformation
systems [EN94, BDK"12]. For stochastic graph transformation systems (SGTS) [THRB10],
both problems give rise to families of related quantitative questions about the continuous time
Markov process that is specified by the SGTS. As a first example, we might want to know the
probability that a certain graph can be reached at some point in time, starting from a given finite
graph or, more generally, from a given initial distribution over all finite graphs.

The simple question that is at the core of previous and ongoing work of the authors [DHHS 14,
FDK"09] concerns the mean quantitative coverability for SGTS: how many occurrences of a
fixed graph motif, the observable graph pattern, can one expect to find at a given time in the
future in a stochastically evolving graph (given by an SGTS); i.e., we want to track the mean
occurrence count of the observable graph pattern as it evolves over time. This is quite similar
to asking about the evolution of the concentration of a specific chemical species in a test tube
over time, which, in Petri net terms, means that we have to compute the function that gives for
each time in the future the expected number of tokens in a given place. Computing the latter
function is hard, even for the case for stochastic Petri nets with finite state space because it typ-
ically amounts to solving the master equation, which is a linear system of differential equations
with one variable for each reachable marking. For stochastic (finite state) graph transformation
system, it is even non-trivial to show that we can write down the proper system of differential
equations [DHHS14].

Analytic solutions or numerical methods with guaranteed precision are typically not available
or too expensive to compute. Thus, in practice, one uses suitable approximations that perform
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well according to experience. For example, the rate equation of stochastic Petri nets is suitable for
many (bio-)chemical applications. But even for some very simple graph transformation systems,
such as the voter model [DGL " 12], good approximations schemes are difficult to obtain [Gle13].
Mean-field approximations from physics and in particular statistical mechanics provide a host
of inspiring examples. However, we are just beginning to pioneer this new area on the graph
transformation map.
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