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摘要

摘要

在分布式系统与并发系统的开发中，由于系统本身的复杂性，它们往往被拆分为

多个组件，而组件之间通过协议（Protocol）进行交互。本文提出了一个基于定理证明

系统PVS并集协议建模、分析与推理于一体的框架，主要用于对分布式系统与并发系

统中的协议进行形式化验证。

我们首先使用该框架对由协调模型Reo中的连接件所描述的交互协议进行建模与

验证。在Reo中使用基本信道（channels）来构建连接件（connectors）。其中基本信道

又包含不同的种类，可以分别描述不含时间约束的行为，包含时间约束的行为以及带

有概率约束的行为。继而我们将该框架进行扩展，通过对组合算子的形式化描述，我

们可以用该框架对云服务进行刻画，并对它们的性质、精化与等价关系进行证明。此

外，我们还基于程序的统一理论（UTP）对遗传算法中的交叉算子和突变算子进行形

式化建模，并证明了一些相关辅助性质及其等价关系。

该框架具有很强的表达能力，但同时存在一个主要问题：在进行证明时需要用户

与PVS进行大量手工交互。为解决这个问题，需要设计更好的证明引导和证明搜索算

法。我们在PVS中添加了一种基于序列模式挖掘（SPM）的证明引导算法。该算法通

过对已有证明的分析来对当前证明目标进行提示。这项工作可以有效提高我们在交互

式证明复杂连接件性质时的效率。其次，通过引入遗传算法中一系列交叉算子与变异

算子，我们将证明引导算法进一步扩展为证明搜索算法，它能够在PVS库中对证明所

需的相关定理和引理进行自动搜索。

关键词：统一程序设计理论,原型验证系统,并发, Reo,云服务,遗传算法,交叉,变异,序

列模式挖掘,证明导览与搜索

I



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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