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Formula Equations

Stefan Hetzl

Vienna University of Technology

Abstract:

A formula equation is a formula in first-order logic with unknowns representing predicates.
Solving a formula equation consists of finding first-order instances of these unknowns that
result in a valid formula. In the first part of this talk I will give a general overview of formula
equations, linking them, in particular, to applications in automated theorem proving. In
the second part I will present joint work with Sebastian Zivota showing that solvability of
affine formula equations is decidable, thus generalising previous results about loop invariant
generation.
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Hard Provability Logics

Mojtaba Mojtahedi
University of Tehran and IPM

Abstract:

Let PL(T,T') and PL, (T, T') respectively indicate the provability logic and ¥,-provability
logic of T relative in T’. In this paper we characterize the following relative provability logics:
PEZI(H/—\,N), Pﬁzl(HA, PA), Pﬁzl(HA*,N), Pﬁzl(HA*,PA), PL(PA,HA), PﬁZI(P/—\, HA), PL(PA*,HA),
PL, (PA*,HA), PL(PA*,PA), PL, (PA*,PA), PL(PA*,N), PL, (PA*,N). It turns out that all of these
provability logics are decidable.

The notion of reduction for provability logics was first informally considered in a joint
paper with Mohammad Ardeshir in 2015. In this paper, we formalize a generalization of
this notion and provide several reductions of provability logics. The interesting fact is that
PL, (HA N) is the hardest provability logic: the arithmetical completenesses of all provabil-

ity logics listed above, as well as well-known provability logics like PL(PA,PA), PL(PA,N),
PL, (PA,PA), PL, (PAN) and PL, (HA,HA), are all propositionally reducible to the arithmeti-

cal completeness of PL, (HA,N).
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Binary Modal Companions for Subintuitionistic Logics

Fatemeh Shirmohammadzadeh Maleki

Shahid Beheshti University
(Joint work with Dick de Jongh)

Abstract:

The weak subintuitionistic logic WF for which no standard unary modal companion is
known is found to have a strict implication logic as a binary modal companion. It is also
shown that for all modal logics extending the weak logic EN, classical modal logic with
necessitation, a strict implication logic exists which is essentially equivalent to it. Among
other things this means that any subintuitionistic logic which has a modal companion has
a strict implication companion as well.
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Stones for Bread: A Classical Reading of Intuitionism

Amir Hossein Akbar Tabatabai

Utrecht University

Abstract:

In 1933, Godel introduced a provability interpretation for intuitionistic propositional logic,
IPC, to establish a formalization for the BHK interpretation, reading intuitionistic construc-
tions as the usual classical proofs [1]. However, instead of using any concrete notion of a
proof, he used the modal system S4, as a formalization for the intuitive concept of prov-
ability and then translated IPC into S4 in a sound and complete manner. His work then
suggested the problem to find the missing concrete provability interpretation of the modal
logic S4 to complete his formalization of the BHK interpretation via classical proofs.

In this talk, we will develop a framework for such provability interpretations. We will
first generalize Solovay’s seminal provability interpretation of the modal logic GL to capture
other modal logics such as K4, KD4 and S4. The main idea is introducing a hierarchy of
arithmetical theories to represent the informal hierarchy of meta-theories of the discourse
and then interpreting the nested modalities in the language as the provability predicates of
the different layers of this hierarchy. Later, we will combine this provability interpretation
with Godel’s translation to propose a classical formalization for the BHK interpretation. The
formalization suggests that the BHK interpretation is nothing but a plural name for different
provability interpretations for different propositional logics based on different ontological
commitments that we believe in. They include intuitionistic logic, minimal logic and Visser-
Ruitenburg’s basic logic. Finally, as a negative result, we will first show that there is no
provability interpretation for any extension of the logic KD45, and as expected, there is no
BHK interpretation for the classical propositional logic.

[1] K. Godel, Eine Interpretation des Intuitionistichen Aussagenkalkiils, Ergebnisse Math
Collog., vol. 4 (1933), pp. 39-40.
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On the Existence of Decent Proof Systems

Raheleh Jalali

Institute of Mathematics of the Czech Academy of Sciences

Abstract:

In [2], Iemhoff introduced a syntactic generic form for a certain class of sequent-style rules
that she called focused rules. Intuitively speaking, these rules are the rules in which only
one side of the sequents is active and the consequence inherits the atomic formulas of the
premises. This introduction then led to the implication that the existence of a terminating
sequent calculus consisting of these focused rules and the usual LJ axioms implies the uni-
form interpolation property of the super-intuitionistic logic that the calculus captures. In
this talk, we will strengthen this implication in two different directions. First, we lower
down the base logic from intuitionistic logic to FL. to also cover the whole world of sub-
structural logics and secondly we will generalize the syntactic form of the rules to a more
general form in which both sides of the rule are allowed to be active. The resulting impli-
cation then has two major applications. In its positive side, it provides a uniform method
to establish uniform interpolation property for logics FL., FLew, CFLe, CFLey, IPC, CPC,
their K and KD-type modal extensions and some basic non-normal modal logics including
E, M, MC and MN. On its negative side though, the connection implies that no exten-
sion of FL. enjoys a certain natural type of terminating sequent calculus unless it has the
uniform interpolation property. This negative reading of the result then leads to the exclu-
sion of almost all super-intutionistic logics (except seven of them), the logic K4 and almost
all the extensions of the logic S4 (except six of them) from having such a reasonable calculus.

This presentation is based on joint work with Amir Akbar Tabatabai [1].

[1] Akbar Tabatabai, Amir, and Raheleh Jalali. Universal Proof Theory: Semi-analytic Rules
and Uniform Interpolation. Manuscript (2019) https://arxiv.org/abs/1808.06258.

[2] Iemhoff, Rosalie. "Uniform interpolation and the existence of sequent calculi” Annals
of Pure and Applied Logic (2019).
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