
Normalization for Fitch-Style Modal Calculi

Nachiappan Valliappan1, Fabian Ruch, Carlos Tomé Cortiñas1

1 Chalmers University of Technology

SPLS Glasgow, July 1, 2022



Modal Logic Intuitionistic K (IK)



Axioms Beyond K

IS4

IK4

IT Today



From Fitch-Style Natural Deduction to a λ-calculus

.

.

.

.

.

.



From Fitch-Style Natural Deduction to a λ-calculus

.

.

.

.

.

.



From Fitch-Style Natural Deduction to a λ-calculus

.

.

.

.

.

.



From Fitch-Style Natural Deduction to a λ-calculus

.

.

.

.

.

.



Fitch-Style Lambda Calculus for IK (λIK) [Borghuis 1994]



Normalization Rules



Normalization by Rewriting?



Normalization by Evaluation



Models of Fitch-Style Modal Calculi



The Story

• Part 1: Identify the possible-world semantics

• Part 2: Construct NbE models as instances



Possible-World Semantics for IPL



Possible-World Semantics for IK [Plotkin and Stirling 1986]



Possible-World Semantics for λIK



Box ~ Future



Lock ~ Past



Possible-World Semantics for λIK



Possible-World Semantics for λIK



NbE Using Possible-World Semantics



Normal Forms



Constructing an NbE Model for STLC

[Coquand 1993]



Constructing an NbE Model for λIK



Key Observation From the Syntax of λIK/IT/IK4/IS4
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Constructing an NbE Model for λIK



Constructing an NbE Model for λIT



Constructing an NbE Model for λIK4



Constructing an NbE Model for λIS4



Constructing an NbE Model for λIK/IT/IK4/IS4



Why?



Programming Language Applications



Proving Capability Safety



Proving Capability Safety



Completeness, Decidability and Logical Applications



In a Nutshell

Normalization for Fitch-style modal calculi can be 
achieved by constructing NbE models as instances of 

their possible-world semantics, thus avoiding tedious 
syntactic arguments based on reduction.
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