66Chapter

Related Work

6.1Reflection and Open SystemsOpen implementations were first discussed in [Rao90] [Rao91]. Rao defines whatan open implementation is and describes an open implementation for a windowingsystem. Although Rao relates his work to what he calls implementationalreflection, he does not give a thorough account of the relation between openimplementations and reflective systems.A more general introduction to the intuitions surrounding and motivations forinvestigating open implementations is given in [Kiczales92].The most widely accepted account of computational reflection in programminglanguages was given by Smith in [Smith82] [Smith84]. The intuitions behind andmotivations for the introduction of reflection are adopted in this text. Still, inSmith’s and later Maes’s [Maes87] account of reflection the notion of meta-circular interpreters plays an essential role. We motivated another approach toreflection where meta-circular interpreters are substituted by open implementedlanguage processors.In [Smith82] the notion of towers of meta-circular interpreters is used, andimplementation techniques for such towers are discussed in[des˚Rivi�res&Smith84]. A comparison with towers of open implementations isgiven in the appendix.

Chapter 6

1926.2Object-Oriented Reflection3-KRS, ObjVlisp and Others3-KRS [Maes87] is probably the first structured account of how to build anobject-oriented programming language with a reflective architecture.Although the merits of object-orientation � encapsulation, modularity andabstraction are cited � are acknowledged for reflective programming, andalthough a serious attempt was made to be as complete and uniform as possiblein the self-representation � 3-KRS has for example meta-objects for both dataand program objects �, the reflective architecture of 3-KRS is highly inspiredby one particular implementation of one particular object-oriented language(KRS).3-KRS and Agora seem to have some commonalities in the choice of what mustbe represented in the self-representation, i.e. meta-objects, expressions, slots,etc. The important difference lies in how meta-objects, expressions, slots and soon are represented. As has been amply discussed in the previous chapterscompositionality and full abstraction play an important role in Agora in therepresentation of objects and expressions. Equally important is the fact that forAgora the choice of what is made part of the self-representation and how theself-representation is structured is motivated by an in-depth study of themajor design issues involved in designing an object-oriented programminglanguage.It should also be noted that since the connection between openimplementations, frameworks and reflection had not been made at the time 3-KRS was being defined, 3-KRS does not have the layered structure ofspecialisation of language concepts as is the case for Agora.ObjVlisp as presented in [Cointe87] discusses the introduction of reflection in aclass-based language. It is based on a set of postulates, for example statingthat the only protocol to activate an object is message passing. Still, it iseasily shown that meta-classes alone are not enough to obtain a fullyreflective programming language.Other efforts are worth mentioning in this context. In [Ibrahim&Cummins88] areflective programming language is developed with a strong emphasis on therepresentation of expressions. In [Jagannathan&Agha92] a reflective model ofinheritance is presented. It is shown how, by reification of name-bindingenvironments, reflection can be used in providing modularity structures inprogramming languages. In [Ferber89] various approaches to reflection in class-based languages are described. The approaches described vary in the differentaspects of the computation that are reified. It should be mentioned that atleast the reification of meta-objects and the reification of messages is coveredby the reflection operators of Agora. Both [Mulet&Cointe93] and[Malenfant,Cointe&Dony91] study the issue of reflection in a prototype-basedprogramming language. Although in some ways they have similar goals asours � for example, defining inheritance or delegation as a specialisation �,but they do so by reifying meta-objects in a non abstract manner.Finally, it should be noted that Agora’s reifier expressions (i.e. reifiermessages, receiverless reifier messages and reifier aggregates) are based onreifier functions from 3-Lisp [Smith84]. To the author’s knowledge no otherreflective object-oriented programming languages exist that are so heavilybased on reifier expressions as Agora.

Related Work

193Metaobject ProtocolsA major thrust in current day research on object-oriented reflection is directedtowards metaobject protocols, of which the CLOS metaobject protocol (MOP)[Kiczales,des˚Rivi�res&Bobrow91] is the most prominent. Our work is relatedmost to the work on MOPs. It shares the concerns of defining open languages bymeans of well-documented class hierarchies (e.g. [Kiczales&Lamping92]).The CLOS MOP defines an open implementation for the Common Lisp ObjectSystem. This object system is heavily based on ’generic functions’. Accordinglythe object model that is made explicit in the CLOS MOP is a model based onoverloaded functions. This results in an entirely different view on object-orientation than the one adopted in this dissertation.Although object-oriented software engineering practices � protocol design anddocumentation � play a prominent role in the work on metaobject protocols, itis difficult to say whether the CLOS MOP defines a true open design.Therefore a more thorough account of the design issues of object-orientedlanguages based on overloaded functions would be needed.The differences, with our work, in handling reflection must also be pointed out.In [Kiczales,des˚Rivi�res&Bobrow91] the MOP is meta-circularly defined.This obviously leads to various circularities. These circularities are resolvedin an actual implementation (behind the scenes). Resolving these circularitiesis an essential step in making a running reflective CLOS MOP. In our work wedo not attempt to give a meta-circular definition of our framework. But, on theother hand, reflection is added as a full-fledged specialisation of theframework. The notion of a linguistic symbiosis is an essential ingredient inthis process. We do not have a meta-circular definition of for example meta-objects, but what we do have is a way to make meta-objects explicitlyreferable (exactly this kind of differences was our motivation for making theterminological distinction between explicitly encoded and explicitly referableobjects).Linguistic Symbiosis of Object-Oriented LanguagesThe notion of a linguistic symbiosis between a programming language and itsimplementation language and its role in implementing a reflectiveprogramming language was first discussed in [Ichisugi&al.92]. There adescription is given of a symbiosis, on the level of objects, between RbCl (aconcurrent reflective object-oriented programming language) and C++ (theimplementation language).

6.3Object-Oriented SystemsThe most important sources of inspiration for our analysis of object-orientedprogramming language concepts are [Wegner90] [Stein,Lieberman&Ungar89][Dony,Malenfant&Cointe92] and [Cardelli88] [Cardelli&Wegner86] [Cook89][Ghelli90] [Lieberman86] [Wegner&Zdonik88] for models of object-orientationand inheritance. For an alternative look on object-orientation based onoverloaded functions the reader is referred to [Castagna&al.92] [Chambers92].

Chapter 6

1946.3.1Object-Oriented FrameworksIn [Johnson&Foote88] and [Johnson&Russo91] a general description is given of therole of reuse and abstract classes in object-oriented programs. In[Johnson&Foote88] the emphasis is put on how to design (abstract) classes so thatthey become reusable. We extended the notion of abstract classes to includeclasses with virtual class attributes. In [Johnson&Russo91] the issue of how entiredesigns are reused is illustrated by means of a larger example. The distinction wemade between a framework’s internal and external interface comes originallyfrom [Deutsch87]. In this dissertation object-oriented frameworks were studied inthe context of open designs. We emphasised different kinds of specialisations ofobject-oriented frameworks that preserve the design of the framework. Therelation between open implementations and object-oriented frameworks hasalready been noted in [Holland92]. In [Helm&al90] and [Holland92] a descriptionis given of contracts � high level constructs for the specification of interactionsamong groups of objects � and how to refine and reuse contracts in a conformingway. We gave a more intuitive explanation of how to specialise a frameworkentirely based on substitutability [Liskov87] [Wegner&Zdonik88] of objects. Ofcourse this can not substitute a formal description of specifying behaviourcompositions in frameworks, but should rather be an intuitive basis for it.6.3.2Mixin-Based InheritanceOur work on mixin-methods is an extension of mixin-based inheritance as wasintroduced in [Bracha&Cook90]. Mixin-based inheritance is an inheritancemechanism that is directly based on the model of inheritance as an incrementalmodification mechanism. It makes wrappers and wrapper application explicit.Our work is based on a generalisation of mixin-based inheritance. Firstly, ourmixins are based on a more general form of wrappers, where wrappers can havemultiple parents. The notion of wrappers with multiple parents has already beenpointed out in [Cook89]. Secondly, we extend the use of mixins to object-basedinheritance. This sort of object-based inheritance is similar to implicitanticipated delegation [Stein,Lieberman,Ungar89], the resulting objects arecomparable to split objects of [Dony,Malenfant,Cointe92]. Furthermore, we adddynamic application of mixins, mixins as attributes and the resulting scope rulesfor nested mixins. The extra polymorphism gained by viewing mixins asattributes seems to us an important enhancement to mixin-based inheritance. Incontrast with [Bracha&Cook90] the mixin-methods used in Agora remaindynamically typed at the moment.The relation to nested classes [Buhr&Zarnke88][Madsen87] has been discussed inthe dissertation. The correspondence between so called virtual superclasses[Madsen&M¿ller-Pedersen89] in BETA and mixins has already been noted[Bracha92]. The same remarks as in the previous paragraph apply to therelation between mixin-methods and virtual superclasses.Having mixins as instance attributes is very similar to �enhancements� describedin [Hendler86]. We agree that being able to associate functionality withinstances rather than classes has several advantages. The advantages ofdynamic classification have also been discussed in the classifier approach of[Hamer92]. Both approaches lack the equivalent of late binding of mixinattributes. Our approach lacks the equivalent of having classifiers as first classvalues (which would amount to first class mixin �patterns�). Traces [Kiczales93]and first class mixin patterns are comparable mechanisms, they both are a step insolving the "make isn’t generic" problem. First class mixin patterns are moregeneral but also more primitive.

Related Work

195Our analysis of the problems involved in multiple inheritance is a r�sum� of[Snyder87], [Knudsen88] and [Carr�,Geib90].Although it is shown in [Bracha&Cook90] that mixin-based inheritancesubsumes different inheritance strategies, no complete analysis is given on itsrelation with multiple inheritance. Other approaches that share our view offragmenting the functionality of inheritance, can be found in [Bracha92],[Hauck93], and [Hense92]. Neither of them gives a complete analysis of how themultiple inheritance problems are addressed in it. In [Bracha92] name collisionsare resolved with renaming. Neither of them supports object-based inheritance,which is an important part of our solution to multiple inheritance problems.