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VeTSS Project

“Mechanised Assume-Guarantee Reasoning
for Control Law Diagrams via Circus”

I AG proof support for discrete time Simulink diagrams
I Circus: stateful reactive language extending CSP
I use of reactive contracts to specify properties
I develop a library of examples and two case studies
I mechanised proof support for Simulink in Isabelle/UTP
I researcher: Dr. Kangfeng Ye (Randall)
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Unifying Theories of Programming
I formal semantics framework from Tony Hoare and He Jifeng

I drives to find theories that unify computational paradigms
I imperative and functional programming
I sequential and concurrent computation
I data structures and object orientation
I real-time and hybrid systems

can we find fundamental laws that characterise their
commonalities and highlight their differences?

I use alphabetised relational calculus as a lingua franca
I programs-as-predicates: specification + implementation
I link different semantic models (operational, axiomatic etc.)
I build verification tools for various paradigms
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Example: Operational Semantics and Hoare Calculus

Definition (Transition Relation)

(σ1,P1) → (σ2,P2) , 〈σ1〉 ; P1 v 〈σ2〉 ; P2

Theorem (Operational Laws)

(σ,P) → (ρ,Q)
SEQ-STEP

(σ,P ; R) → (ρ,Q ; R)

σ |= c
COND-TRUE

(σ, if c thenP elseQ) → (σ,P)

—
ASSIGN

(σ, x := v) → (σ(x := σ † v),II)

σ |= c
ITER-COPY

(σ,while c doP) → (σ,P ; while c doP)

Definition (Hoare Calculus)

{ p }Q { r } , (p ⇒ r ′) v Q

Theorem (Linking)

{ p }Q { r } ⇔
σ1 |= p (σ1,Q) → (σ2,II)

σ2 |= r

I operators are denotations, laws are theorems
I we apply this technique to more complex computational

paradigms, such as concurrent and hybrid systems
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INTO-CPS Multi-Modelling

UTP Multi-Model
Semantics

UTP Multi-Model
Semantics
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Vision: UTP CPS Verification Foundations

Object
Orientation

Differential
Equations

Concurrency

State Real-time
Reactive
Systems

Hybrid
Systems

Unifying Theories of Programming

Graphical
Notations

Contracts

Isabelle/HOL
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Isabelle/UTP
I a verification toolbox for the UTP based on Isabelle/HOL
I relational calculus, proof tactics, and algebraic laws

I define syntax for programs and create verification calculi
I via formalisation of semantic “building blocks” (UTP theories)
I utilise Isabelle’s powerful proof automation for verification
I formalise links between domains using Galois connection
I large library of formalised algebraic laws of programming
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Conclusion
I UTP enables a holistic approach to formal semantics
I Isabelle/UTP: computational theories → verification tools
I wide spectrum of paradigms supported

I still much more work to be done
I more UTP theories to mechanise (objects, real-time, etc.)
I performance and scalability
I VeTSS: reasoning about discrete-time Simulink diagrams

I Isabelle/UTP: http://www.cs.york.ac.uk/~simonf/utp-isabelle
I GitHub: https://github.com/isabelle-utp/utp-main
I Email: simon.foster@york.ac.uk
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