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ABSTRACT

Using UTP and PVS for Formal Verification of

Composition and Coordination Models

Muhammad Saqib Nawaz Khan (Applied Mathematics)
Directed by Prof. Meng Sun

ABSTRACT

In this thesis, we present a unified framework for the modeling, analysis and reasoning
about protocols that are explicitly used to bind different components in distributed and concur-
rent systems so that they can interact and communicate with each other. Prototype Verification
System (PVS) that is based on higher-order logic is used for the framework development.
The unified framework is used first to model and reason about component connectors in Reo
coordination language. Untimed, timed and probabilistic/random channels are used in Reo
as basic primitives with its own composition operators to construct complex connectors. The
framework is then extended to model cloud services and their composition operators. Within
the framework, different properties of component connectors and cloud services as well as
the refinement/equivalence relation between them can be naturally formalized and proved in
PVS. Moreover, design models based on unifying theories of programming (UTP) semantic
framework is developed for operators (crossover and mutation) of genetic algorithms (GAs)
and some crossover operators are later encoded in PVS, followed by proving their rudimentary
properties and the equivalence relation between them.

The unified frameworks has one main limitation: Heavy user interaction is required with
the PVS proof assistant in the proof development process, which makes the proof guidance and
proof searching the two most desired properties in theorem provers. For that, a proof guidance
approach based on sequential pattern mining (SPM) is proposed that can be used to guide the
interactive proof development process. Moreover, the proof guidance approach is extended to
provide an evolutionary proof searching approach, where a GA with different crossover and
mutation operators is used to search and optimize the proofs for theorems and lemmas in PVS
theories.

KEYWORDS: UTP, PVS, Concurrency, Reo, Cloud Services, Genetic Algorithms, Proof
Guidance, Sequential Pattern Mining.
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