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Foreword 

The professional development of large correct software systems in a systematic, structured and 

modular way is still a challenge for research and practice in software engineering. In recent 

years many software engineers had expressed hope that object oriented techniques may 

improve the technical and economic standards in software engineering by providing better 

structuring techniques supporting abstraction and reusability. However,  until now a 

foundational theoretical framework for object oriented program development was missing. 

Abstract data types as main concept of algebraic specifications have been proved to be among 

the most fruitful contributions to the foundations of software engineering. Algebraic specifi- 

cations support an axiomatic logical style of treating data structures and program development 

concepts such as data refinement. Roughly speaking, algebraic specifications and object 

oriented ideas can be traced back to common roots: classes of objects and "prefixing" were the 

central concepts of Simula 67 that proved to be the main sources leading to object oriented 

programming languages and to the theory of algebraic specifications. 

Taking this into account it seems rather obvious to bring together algebraic specifications and 

object oriented concepts. As B. Meyer had pointed out, object oriented software systems can be 

understood as structured collections of abstract data type implementations. Thus one may use 

the algebraic approach as a foundation for explaining and formally defining concepts of object 

orientation, such as classes, objects and inheritance. 

In the Ph.D. thesis of Ruth Breu algebraic specifications serve as a basis for object orientation. 

The thesis concentrates on notions of inheritance, clientship and subtyping, on data abstractions 

as a structuring mechanism and finally on questions of dynamic creation of objects. It does not 

treat the concept of concurrent message passing between objects. In particular, formal model- 

theoretic definitions of inheritance, clientship, and subtyping are given and their algebraic and 

logical properties are studied. Moreover, a step towards a methodology for object oriented 

software design based on proper formal techniques is given. 



The thesis is a milestone in the formal foundation of object oriented programming. It provides 

an encouraging step bringing together pragmatic ideas developed by practitioners and 

theoretical results from the theory of programming and axiomatization of data structures. This 

way a solid foundation is given on which an elaborated methodology for object oriented 

development and for tools and languages supporting such a methodology can be based. 

Munich and Passau, October 1991 Manfred Broy, Martin Wirsing 



Preface 

The main aim of this thesis is to provide a framework for the integrated design of object 

oriented programs with algebraic specification techniques. Algebraic specifications allow the 

description of systems in a problem oriented, implementation independent way. Their 

application within the design and reuse of object oriented programs, therefore, is of major 

concern. 

A central concept of the design method presented is the notion of data types. This is the basis 

for the structuring of algebraic specifications and object oriented programs. An integrated 

software design can thus be regarded as the step by step development of data types. Depending 

on the level of abstraction, data types are described by algebraic specifications or by object 

oriented programs. Two aspects can be observed to be crucial for this integration. 

On the one hand, object oriented programs and algebraic specifications have to be related by a 

notion of correctness to model the transition from specifications to program implementations. 

This thesis presents a notion of correctness which relies on the idea of abstraction functions. 

The correctness relation is formalised in an algebraic theory and hence enables formal 

reasoning. This theory is based on an algebraic model of objects. 

On the other hand, the object oriented approach to software construction is intimately connected 

with a set of powerful structuring mechanisms. In order to provide an integrated design 

environment, a uniform structuring concept for object oriented programs and algebraic speci- 

fications has to be developed. Inheritance, subtyping and clientship are three central notions of 

object oriented structuring. As a starting point, these concepts are described in a language- 

independent theory. This is the basis for an algebraic specification language and for the kernel 

of a typed object oriented programming language which are presented subsequently. 

This thesis provides the formal foundation for a unified framework of algebraic specifications 

and object oriented programs. A major guideline has been the development of a design method 

supporting the structured step-by-step design and reuse of software in this environment. 
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