TTable of Contents

PrefaceAcknowledgementSummary Table of ContentsTable of ContentsChapter 1Introduction....................................................................................................................................... 11.1 Open Programming Languages......................................................................................... 41.2 Reflective Systems................................................................................................................ 4 1.3 Object-Oriented Frameworks......................................................................................... 4 1.4 A Framework for an Object-Based Programming Language................................. 5 1.5 A Layer for Object-Oriented Programming................................................................ 6 1.6 A Layer for Reflective Object-Oriented Programming............................................ 8 1.7 Related Work....................................................................................................................... 8Chapter 2Computational Reflection and Open Systems ............................................................ 11 2.1 Introduction........................................................................................................................ 11 2.2 Model of Computation.................................................................................................... 12 2.3 Absorption and Reification in Programming Languages..................................... 14 2.4 Open Implemented Computational Systems.............................................................. 17 2.5 Reflection: Accessing One�s Own Meta-system...................................................... 222.5.1 Reflective Architectures..................................................................................... 232.5.2 Reflective Facilities............................................................................................. 242.5.3 Meta-Programming............................................................................................... 25 2.6 Managing Reflective Overlap and Tower Architectures.................................... 26 2.7 Computational Systems with an Open Design........................................................ 27 2.8 Full Abstraction and Compositionality in Programming Languages.............. 282.8.1 Full Abstraction and Compositionality in Semantics ofProgramming Languages..................................................................................... 292.8.2 Full Abstraction and Compositionality in Implementation ofProgramming Languages..................................................................................... 31 2.9 Conclusion.......................................................................................................................... 33

Table of Contents vChapter 3A Framework for Object-Based Programming Languages.................................. 35 3.1 Introduction........................................................................................................................ 35 3.2 Design Issues in Object-Oriented Programming Languages................................ 363.2.1 Objects, Interfaces, Messages and Encapsulation..................................... 403.2.2 Alternative Object Models................................................................................ 443.2.3 Operations on Objects........................................................................................ 483.2.4 Classes and Class-based Inheritance............................................................ 493.2.5 Classless Delegation.......................................................................................... 553.2.6 Mixin-Method Based Inheritance................................................................. 583.2.7 Encapsulation as an Explicit Operation on Objects andGenerators.............................................................................................................. 613.2.8 Objects with State, State Changes and Object Identity............................ 63 3.3 Object-Oriented Frameworks....................................................................................... 653.3.1 Reusability in Object-Oriented Programs.................................................... 663.3.2 Reusability in Object-Oriented Frameworks.............................................. 713.3.3 Abstract Classes................................................................................................... 713.3.4 Operations on Abstract Classes..................................................................... 723.3.5 Role of Abstract Classes in Frameworks..................................................... 753.3.6 Frameworks, Conclusion................................................................................... 76 3.4 A Simple Object-based Programming Language...................................................... 773.4.1 A Calculus for Object-based Programming.................................................. 77 3.5 Definition of the Framework........................................................................................ 813.5.1 Representation of Programs and Compositionality.................................. 813.5.2 Representation of Objects and Full Abstraction....................................... 853.5.3 Message Passing................................................................................................... 86 3.6 Concretisation to a Simple Object-based Language.............................................. 873.6.1 Abstraction Expressions and Object Structures....................................... 873.6.2 Association Expressions and Slots............................................................... 893.6.3 Message Passing................................................................................................... 903.6.4 Implementation of Simple, Summary............................................................... 91 3.7 Improving the Framework.............................................................................................. 923.7.1 Reifier Methods.................................................................................................... 923.7.2 Extra Indirection Needed in Context and Client Objects........................ 943.7.3 Evaluation Categories and Category Patterns........................................... 963.7.4 Making the Layered Structure Explicit..................................................... 100 3.8 Conclusion....................................................................................................................... 100Chapter 4Specialising the Framework with Inheritance ......................................................... 103 4.1 Introduction..................................................................................................................... 103 4.2 Inheritance, Design Issues........................................................................................... 1044.2.1 Inheritance and Encapsulation Problems................................................. 1044.2.2 The Need for Flexible and Controllable Inheritance............................ 1054.2.3 Multiple Inheritance........................................................................................ 1064.2.4 Mixin-based inheritance................................................................................ 1184.2.5 Mixin-Method Based Inheritance............................................................... 1194.2.6 Mixin-based inheritance, A Solution to Multiple InheritanceProblems ?............................................................................................................ 123 4.3 Visibility and Nesting in Object-Oriented Languages...................................... 1264.3.1 Is There a Need for Scope Rules for Encapsulated Attributes ?....... 1274.3.2 Nested Classes, Classes as Attributes........................................................ 1294.3.3 Nested Mixins.................................................................................................... 130 4.4 Design of Agora.............................................................................................................. 1324.4.1 Introduction........................................................................................................ 1324.4.2 Agora Syntax...................................................................................................... 1334.4.3 Standard Agora Reifiers................................................................................. 134

Table of Contents vi 4.5 The Agora Framework................................................................................................. 1414.5.1 Abstract Grammar, Expression Objects and Reifier Methods........... 1424.5.2 Message Passing................................................................................................ 1444.5.3 Mixin Application and Object Structures................................................ 1464.5.4 Agora Internal Object Structure................................................................... 1474.5.5 External Object Structures and Wrapper Objects.................................. 1514.5.6 Extending Objects, Execution of Mixin Methods................................... 1524.5.7 Object Cloning.................................................................................................... 1544.5.8 Mixin, Method and Instance Variable Declaration Reifiers andSlots....................................................................................................................... 1554.5.9 Summary of the Application of the Framework to Agora.................... 156 4.6 Extensions to Agora..................................................................................................... 1574.6.1 Public Instance Variables and Private Methods.................................... 1574.6.2 Cloning Methods............................................................................................... 1584.6.3 Stubs for Multiple Inheritance..................................................................... 1594.6.4 Single Slot Nested Objects.............................................................................. 1604.6.5 Classes.................................................................................................................. 1614.6.6 Abstract Methods, and Abstract Class Attributes................................ 1624.6.7 A Simple Form of Monotonic Reclassification........................................ 1624.6.8 Classifiers............................................................................................................ 163 4.7 Conclusion....................................................................................................................... 164Chapter 5A Reflective Framework........................................................................................................ 165 5.1 Introduction..................................................................................................................... 165 5.2 Object-based Reflection............................................................................................... 1665.2.1 Linguistic Symbiosis........................................................................................ 1665.2.2 Simple Meta-Programming Operators for Agora.................................... 1745.2.3 Simple Reflection Operators.......................................................................... 1775.2.4 Nature of Meta-Programs and Reflective Overlap................................ 1795.2.5 Dynamic Reflection and Infinite Regress................................................... 1805.2.6 Abstraction and Compositionality............................................................. 182 5.3 Object-Oriented Reflection......................................................................................... 1835.3.1. The Evaluation and Declaration of Reifiers.......................................... 1835.3.1. Need for a More Fine-Grained Linguistic Symbiosis.......................... 187 5.4 Conclusion and Open Issues...................................................................................... 189Chapter 6Related Work............................................................................................................................... 191 6.1 Reflection and Open Systems..................................................................................... 191 6.2 Object-Oriented Reflection......................................................................................... 192 6.3 Object-Oriented Systems.............................................................................................. 1936.3.1 Object-Oriented Frameworks........................................................................ 1946.3.2 Mixin-Based Inheritance................................................................................ 194Chapter 7Conclusion.................................................................................................................................... 197 7.1 Contributions.................................................................................................................. 198 7.2 Future work..................................................................................................................... 199BibliographyIndexAppendix AAppendix B