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Counter automata are a classical model that extend finite-state automata
with integer-valued registers. These have been shown to be useful in modelling
complex systems, such as programs with lists and XML query evaluation algorithms. If the updates or tests applicable to the counter are parameterized by a
set of integer-valued variables, they can also model simple software programs and
their parameters. Despite their usefulness as a modelling formalism, it is known
that two counters suffice for counter automata to become Turing powerful. In
particular, this means that the most interesting questions are undecidable. To
circumvent this, several restrictions of the model have been studied in the literature, e.g. reversal-bounded counter automata and one-counter automata. In
this work we focus on an extension of the latter: one-counter automata with
parametric updates and parametric (equality) tests.
One-counter automata are obtained by extending classical finite-state automata with a counter whose value can range over non-negative integers and be
tested for zero. The updates and tests applicable to the counter can further be
made parametric by introducing a set of integer-valued variables. Reachability
for such automata is known to be decidable [7, 10]. Model-checking algorithms
for such automata also exist for some specification logics [5, 6]. We revisit the
parameter synthesis problem for such automata. That is, we ask whether there
exists a valuation of the parameters such that all infinite runs of the automaton
satisfy some omega-regular property. The problem has been shown to be encodable in a restricted one-alternation fragment of Presburger arithmetic with
divisibility. In this work (i) we argue that said fragment of the logic is unfortunately undecidable. Nevertheless, by reduction to a class of partial observation
games, (ii) we prove the synthesis problem is decidable. Finally, (iii) we give a
polynomial-space algorithm for the problem if parameters can only be used in
tests, and not updates, of the counter.
In [8], Lechner studied a synthesis problem for one-counter automata with
parameters which asks whether there exists some value of the parameters such
that all runs of the automaton satisfy a omega regular specification. By classical
results, the problem is equivalent to asking whether all valuations make it so
that all runs of the automaton satisfy some Büchi condition: they visit accepting
states infinitely often. In that paper, Lechner proved that the Büchi condition
can be decomposed into two reachability queries — intuitively a loop with an
accepting state is reached and taken forever. She then goes on to reduce the
resulting synthesis reachability problem to a fragment of Presburger arithmetic
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where a single alternation is allowed and a restricted divisibility(with variables)
predicate can be used. In [3], said fragment was claimed to be decidable. However, in [9] the result from [3] was stated as being under review. We clarify the
latter by proving the fragment is undecidable.
After invalidating the previous attempt at proving decidability of the synthesis reachability problem, we propose two alternatives. The first one based on the
connection between counter automata and two-way automata; the second, on
partial observation games. Specifically, assuming parameters are only present
in counter tests, we provide small modifications to a recent construction due to
Bollig et al. . [2] in order to obtain alternating two-way automata whose language is empty if and only if our synthesis reachability problem has a negative
answer. Regarding partial observation games, we prove that the complement
of the problem reduces to energy games with partial observation [1] where the
initial credit is fixed [4, 11]. The partial observability allows us to force Eve,
the protagonist, to faithfully simulate runs of the counter automaton under all
possible valuations.
This is a joint work with my PhD advisor Prof. Guillermo A. Pérez. The
technical report is available at https://arxiv.org/abs/2005.01071.
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