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In recent years, a number of challenges has been faced in the proof theory of modal and related logics, especially in relation to their applications in
the widening field of philosophical logic. However, as discussed in [6], uniform
methods for generating analytic calculi for these logics have been developed in
full generality only for normal modal logics with geometric frame conditions.
On the one hand, frame conditions beyond geometric implications are common
in multimodal logics such as systems used in formal epistemology [4] and in
intermediate logics [1]. On the other hand, a relaxation of the framework of
normal modal logics imposed by Kripke semantics is essential for avoiding the
presuppositions of a logically omniscient and perfect reasoner and for capturing
a non-monotonic notion of conditionals. The talk will focus on the extension
of the methodology of labelled sequent calculi in the aforementioned two directions.
First, the method of extension of sequent calculi with rules will be generalized to allow for systems of rules [8] to cover the class of generalised geometric
implications, a class that includes the frame properties that correspond to formulas in the Sahlqvist fragment. Further, it will be shown how to turn arbitrary
first-order frame conditions into a finite collection of geometric rules, through
an appropriate conservative semidefinitional extension of the language. In particular, this “geometrization of first order logic” yields complete sequent calculi
for all modal logics defined by first-order frame conditions [1].
Second, a revision of the standard relational semantics in the direction of
a general topological semantics will be shown amenable of a formal prooftheoretical treatment, in particular through an analysis of Lewis conditional
logic as a labelled sequent calculus based on similarity relations and indexed
modalities [10]. At the same time, the various stages of the methodology will
be illustrated: a process of abduction to obtain the specification of the semantic framework; the use of the guidelines of proof-theoretic semantics to obtain
calculi with good structural properties [9]; a direct Tait-Schütte-Takeuti style
completeness proof [5]; and finally, a syntactic counterpart of semantic filtration to extract finite countermodels and thereby to turn non-constructive
completeness proofs into effective decision procedures [2,7].
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