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iAbstractFormal methods are necessary in achieving correct software: that is, software that can be proven to ful�lits requirements. Formal speci�cations are unambiguous and analysable. Building a formal model improvesunderstanding. The modelling of nondeterminism, and its subsequent removal in formal steps, allows designand implementation decisions to be made when most suitable. Formal models are amenable to mathematicalmanipulation and reasoning, and facilitate rigorous testing procedures. However, formalmethods are not widelyused in software development. In most cases, this is because they are not suitably supported with developmenttools. Further, many software developers do not recognise the need for rigour.Object oriented techniques are successful in the production of large, complex software systems. The meth-ods are based on simple mathematical models of abstraction and classi�cation. Further, the object orientedapproach o�ers a conceptual consistency across all stages of software development. However, the inherent
exibility of object oriented approaches can lead to an incremental and interactive style of development, aconsequence of which may be insu�cient rigour. This lack of rigour is exacerbated by the inconsistent andinformal semantics for object oriented concepts at all stages of development.Formal and object oriented methods are complementary in software development: object oriented methodscan be used to manage the construction of formal models and formality can add rigour to object orientedsoftware development. This thesis shows how formal object oriented development can proceed from analysisand requirements capture to design and implementation.A formal object oriented analysis language is de�ned in terms of a state transition system semantics.This language is said to be customer-oriented: a number of graphical views of object oriented relations inthe formal analysis models are presented, and the speci�cations produced say what is required rather thanhow the requirements are to be met. A translation to ACT ONE provides an executable model for customervalidation. This translation is founded on a precise statement of the relationship between classes and types(and subclassing and subtypes). The structure of the resulting ACT ONE requirements model corresponds tothe structure of the problem domain, as communicated by the customer.The step from analyis to design requires an extension to the requirements model to incorporate semanticsfor object communication. A process algebra provides a suitable formal model for the speci�cation of com-munication properties. LOTOS, which combines ACT ONE and a process algebra in one coherent semanticmodel, provides a means of constructing object oriented design semantics. Design is de�ned as the processof transforming a customer-oriented requirements model to an implementation-oriented design, whilst main-taining correctness. Correctness preserving transformations (CPTs) are de�ned for: transferring requirementsstructure to design structure, manipulating design structure and changing internal communication models.Design must be targetted towards a particular implementation environment. The thesis examines a numberof di�erent environments for the implementation of object oriented LOTOS designs. It illustrates the impor-tance of understanding programming language semantics. We show how Ei�el can be used to implement formalobject oriented designs.A case study which evaluates the formal object oriented models and methods, developed in this thesis, isreported. This identi�es re-use at all stages of software development and emphasises the role of structure: itimproves understanding and communication, and makes validation and veri�cation easier and better.The thesis shows that formal object oriented technology is ready for transfer to industry. These methodsshould be exploited sooner rather than later: object oriented development can incorporate formal methodswithout signi�cant cost, and formal methods can utilise the object oriented paradigm to manage complexity.The thesis provides a rationale for formal object oriented development and a set of conceptual tools whichmakes the development of software systems a true engineering discipline.
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