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Here we present our work on stochastically resolvable automata that was
published at CONCUR’25 [16]. An extended version can be found here [I7].

Many successful verification techniques rely on automata representations for
specifications that capture the languages of acceptable system traces. These
automata models are typically nondeterministic: any given trace may give rise
to multiple runs of the automaton, and is accepted if at least one of these runs
is successful. This enables succinct representations but is also a major source of
complexity due to costly intermediate determinisation steps.

It is therefore natural to put extra constraints on the extent to
which an automaton allows nondeterministic choice to avoid determinisation.
One way to do this, which has been extensively studied in recent years
(cf. [TIRIT3ZBITITI6ITITAITS]), is to demand that choices can be resolved “on-
the-fly”: An automaton is history-deterministic (HD) if there is a strategy to
select a continuation of a run given a next letter, so that if the overall word
admits some accepting run then the constructed run is also accepting. This con-
dition is strict in the sense that the resolver strategy must guarantee to produce
an accepting run if one exists. History deterministic automata have been success-
fully used in reactive synthesis [IT]. In some scenarios less strict guarantees may
suffice, for example when model-checking Markov Decision Processes [T0/9J34].
This motivates the study of automata that can be resolved in a weaker sense,
namely, where the resolver strategy can randomise and is only required to suc-
ceed with a lower-bounded confidence. Similar concept in the qualitative setting
has been studied in [12].

A stochastic resolver for some nondeterministic automaton A is a function
that, for any finite run and input letter, gives a distribution over the possible
transitions. This produces a probabilistic automaton P that assigns a probability
of acceptance to every input word and, together with a threshold A > 0, defines
the language L£(P>y) consisting of all words whose probability of acceptance is
at least A\ (see, e.g., [I8]). Unless stated otherwise, we will consider memoryless
stochastic resolvers, which base their decisions solely on the last state of the
given run and the input letter. Fixing a memoryless resolver turns A into a
probabilistic automaton P over the same set of states and where transitions
that appear positively in P are also contained in 4. Consequently then, for
every threshold A > 0, the language £(P>,) is included in that of .A. We now
ask which automata admit positional resolvers that also guarantee the inclusion
in the other direction.



An automaton A called A\-memoryless stochastically resolvable (or simply
A-resolvable) if there exists a memoryless stochastic resolver with £(P>y) =
L(A). An automaton is positively memoryless stochastically resolvable (or simply
positively resolvable) if it is A-resolvable for some A > 0. By varying the threshold
A, stochastic resolvability defines a spectrum where O-resolvable corresponds to
unrestricted nondeterminism and, on finite words, 1-resolvable coincides with
history-determinism. See Fig. [I] for distinguishing examples. Not all automata
are stochastically resolvable and a key challenge is to recognize such automata.
In this work, we primarily adress this challenge.
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(a) NFA A is 1/2-resolvable. (b) NFA B is not positively resolvable.

Fig. 1: Two unambiguous NFA (all missing transitions implicitly go to a
non-accepting sink). The one on the left is A-resolvable for all A < 1/2. The one
on the right is not positively resolvable, because no matter the choice of
transition probability, the probability of b™ tends to zero as n grows.

Our Results We focus on automata over finite words and consider the decision
problems whether a given automaton is resolvable. We distinguish the two vari-
ants of this problem, asking whether the automaton is positively resolvable, or
whether it is A-resolvable for a given value of A. Our results are as follows, see
also Table [I] for a summary.

— We introduce the quantitative notion of A-memoryless stochastic resolvabil-
ity, and show A-resolvability induces a strict hierarchy of automata with
varying parameter A € (0, 1).

— We show that checking A-resolvability is undecidable already for NFA, on
finite words, and therefore also for automata on infinite words regardless of
the accepting condition.

— We complement this by showing that both positive resolvability and A-
resolvability remain decidable for finitely-ambiguous automata.

— We present complexity upper and lower bounds for several well-studied varia-
tions of finitely-ambiguous automata (summarised in Table . In particular,
checking positive resolvability is PSPACE-complete for finitely-ambiguous
automata, NL-complete for unambiguous (1-ambiguous) automata, and in
the polynomial hierarchy for (unrestricted) unary automata. Checking -
resolvability is PSPACE-hard even for k-ambiguous automata (and coNP-
hard over a unary alphabet).

— We show that our decidability results for finite-ambiguous automata, and
undecidability results in the general case carry over to w-regular automata.
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unambiguous | finitely-ambiguous general
unary NL coNP-hard xr
PR
non-unary| NL-complete PSPACE-complete open
SR unary PTIME coNP-hard decidable open
non-unary |NL-hard PTIME |[PSPACE-hard decidable|undecidable

Table 1: Deciding positive resolvability (PR) and A-resolvability (AR) of NFAs

where X € (0,1).
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