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Stirling’s research question

Theoretical Computer Science 49 (1987) 311-347 311
North-Holland

MODAL LOGICS FOR COMMUNICATING SYSTEMS

Colin STIRLING
Department of Computer Science, Edinburgh University, Edinburgh EH8 9YL, Scotland, U.K.

Abstract. Simple modal logics for Milner's SCCS and CCS are presented. We offer sound and
complete axiomatizations of validity relative to these calculi as models. Also we present composi-
tional proof systems for when a program satisfies a formula. These involve proof rules which are
like Gentzen introduction rules except that there are also introduction rules for the program
combinators of SCCS and CCS. The compositional rules for restriction (or hiding) and parallel
combinators arise out of a simple semantic strategy.

Verification of modular processes should be modular

“[Clompositional, syntax-directed proof systems” for verifying properties of concurrent
systems expressed in the language of modal logics




Simpson’s answer
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Sequent calculi for process verification:
Hennessy—Milner logic for an arbitrary GSOS™

Alex Simpson

Laboratory for Foundations of Computer Science, School of Informatics, University of Edinburgh,
King's Buildings, Edinburgh EHO 317, UK

Abstract

We argue that, by supporting a mixture of “compositional” and “structural” styles of proof,
sequent-based proof systems provide a useful framework for the formal verification of processes.
As aworked example, we present a sequent calculus for establishing that processes satisfy assertions
in Hennessy-Milner logic. The main novelty lies in the use of the operational semantics to derive in-
troduction rules, on the left and right of sequents, for the operators of the process calculus. This gives
a generic proof system applicable to any process algebra with an operational semantics specified
in the GSOS format. Using a general algebraic notion of GSOS model, we prove a completeness
theorem for the cut-free fragment of the proof system, thereby establishing the admissibility of the
cut rule. Under mild (and necessary) conditions on the process algebra, an w-completeness result,
relative to the “intended” model of closed process terms, follows.

Verification of modular processes can be modular and natural

“[Clompositional, structural and naturalness aspects of sequent-based proof follow from
properties of the basic sequent calculus [...] [It is possible] to relate processes (or
programs) to their logical properties [...] without breaking the fundamental structural
properties of sequent calculus.”




Our improvement

A more principled approach

Apply contemporary proof-theoretic techniques to enhance Simpson’s idea and uniformly
obtain a new family of modular sequent calculi for logical verification of concurrent
processes: The motto is

“Keep left & Geometrize!”
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Results

» Constructive cut-elimination from calculi for Hennessy-Milner logic and GSOS
processes

> Substantial simplification of Simpson’s proofs for structural and semantic
completeness of this kind of calculi




GSOS

Integration in sequents
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Consequences of Simpson’s approach

o Cut admissibility and completeness require ad hoc conditions on assumable sequents
o Purely semantic proof of cut admissibility
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Our rules
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Main results

Theorem
G3HMLcsos satisfies the following properties:
Soundness: If the sequent I' = A is derivable, then T = A

Completeness: If the sequent T' = A is not derivable, then it is possible to extract from the failed
proof search an LTS-countermodel to T = A

Structural completeness:

» Generalised initial sequents are derivable

» Substitution rule for states over variables are height-preserving admissible
» Weakening rules are height preserving admissible

» All the rules are height-preserving invertible

» Contraction rules are height-preserving admissible

Cut elimination: The cut rule can be effectively eliminated




Put in perspective

» Substantial refinement of Simpson’s original labelled sequent calculi for GSOS
» More principled formalisation and approach to verification of GSOS processes
» Our cut elimination algorithm as basic result for automation of verification tasks
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