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Automata have long been recognized as a useful mechanism for solving logic-based reasoning tasks. For
example, to decide whether a formula is satisfiable, one can construct an automaton that recognizes all
the (well-structured) models of this formula, and decide whether the language accepted by the automaton
is empty—in which case the formula is unsatisfiable—or not—and then the formula has a model, i.e. is
satisfiable.
When logical reasoning is reduced to the (non-)emptiness of an automaton, as in the previous example,
it is usually possible to use a simplified alphabet of cardinality one: the models of the input formula are
described by the accepting runs, rather than by the recognized language.
This kind of construction has been generalized to weighted automata over lattices, as a means to deal
with non-standard logical semantics. Briefly, every model of the input formula is associated with a weight,
and we are interested in finding the supremum of the weights of all these models. Suppose that we can
associate every transition of the constructed automaton with a weight, in such a way that the infimum of the
weights of all the transitions appearing in a successful run (that is, the weight of the run itself) corresponds
exactly to the weight of the model it represents. Then, reasoning in this non-standard semantics reduces
to computing the behaviour of a weighted automaton. To understand the complexity of our non-standard
reasoning tasks, we first study how hard it is to compute the behaviour of weighted automata over lattices.
For Büchi automata, if the underlying lattice is known to be distributive, then the behaviour is known to
be computable in polynomial time [1, 2]. Unfortunately, we cannot always assume distributivity. For arbitrary lattices, we show that the behaviour can be computed by a black-box mechanism that tests emptiness
of exponentially many unweighted Büchi automata, which yields an ExpTime upper bound, given an oracle
for the lattice operations. If the lattice is finite, then this bound can be improved to PSpace.
We also provide NP and coNP lower bounds by showing that propositional satisfiability and validity can
be decided by computing the behaviour of a weighted automaton over a non-distributive lattice. Although
we have been so far unsuccessful in closing the gap left by these complexity bounds, we describe some ideas
that could be helpful in that direction.
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