Vrije Universiteit BrusselFaculteit Wetenschappen

The Zypher Meta Object Protocol2 / 9The Zypher Meta Object ProtocolPOSITION STATEMENT SUBMITTED TOTHE 2ND WORKSHOP ON OPEN HYPERMEDIA SYSTEMSHypertext ’96 Conference - March ’96 - Washington (US)http://www.iesd.auc.dk/~kock/OHS-HT96/ - http://www.acm.org/siglink/ht96/Serge DemeyerPatrick Steyaert - Koen De Hondt - Wim Codenie - Roel Wuyts - Theo D’HondtVrije Universiteit Brussel / Faculty of SciencesProgramming Technology Lab (PROG)˚˚˚˚˚˚˚Pleinlaan 2B-1050 Brussels (Belgium)phone: (+32) 2 629 34 91{sademeye | prsteyae | kdehondt | wcodenie | tjdhondt}@vnet3.vub.ac.be; rwuyts@is1.vub.ac.behttp://progwww.vub.ac.be/

AbstractThis paper discusses the necessity of a meta object protocol in the design of an open hypermedia system. Itshows that a meta object protocol enables to tailor the behaviour and configuration of the hypermedia system,independent of its constituting elements.The approach is demonstrated by means of the Zypher Open Hypermedia Framework, where the meta objectprotocol eases the incorporation of system services (i.e. caching, logging, authority control and integritycontrol) and flexible reconfiguration (i.e. run-time extensibility and cross-platform portability).

1. IntroductionTo understand the argumentation unfolded in the main body of the paper, it is necessary to emphasise thatZypher1 was explicitly designed as an open hypermedia system with three levels of tailorability. Each levelprovides different facilities to suit the behaviour of the system to the needs of particular hypermediaapplications.Domain LevelDomain level tailorability aims to deliver hypermedia systems for a specific problem domain byextending the basic hypermedia framework with domain specific modules. Creating such domainspecific modules requires a great deal of technical expertise about the software systems applied in theproblem domain but has little to do with the hypermedia system as such. One doesn’t need tounderstand the inner details of the hypermedia system to tailor the system. Note that some modules, ifwritten ’good’, can be reused for different problem domains.Typical usage of domain level tailorability is the incorporation of modules for special viewerapplications (i.e. Microsoft Word, a HTML browser), extra storage devices (i.e. the local file system, aHTTP-server) and designated navigation facilities (i.e. special URL resolution algorithms).System LevelSystem level tailorability aims to deliver services that affect the global behaviour of the hypermediasystem itself and requires some knowledge about the internal architecture of the hypermedia system.Services attained trough system level tailorability can be applied on different incarnations of thehypermedia framework: once we have implemented the technique in one framework incarnation, itrequires little effort to reuse the code in other incarnations.Typical examples of services that can be accomplished with system level tailorability are things likelogging (maintaining a log of certain activities in order to provide backtracking features), authoritycontrol (check whether the user of the system has the privileges to perform certain operations), caching(predict future behaviour on the basis of registered activities) and integrity control (control operationsin order to preserve the consistency of the system’s data structures). 1 The Zypher Meta Object Protocol3 / 9Configuration level tailorability aims to provide a ’plug and play’ hypermedia system, where theflexible system set-up, where new modules can be installed easily. Configuration level tailorabilityextensions to the system) and portability (i.e. cross-platform reconfiguration).Figure 1: Puppet Master2¥level tailorability and is visualised using an icon presenting a puppet.¥play might benefit from a horse with a swinging tail, in which case the puppetdesigner will take an existing horse puppet and attach a new string to the tail.A puppet designer that attaches new strings to puppets is a designer thatoperates on the system level of tailorability, which is denoted by means of a hand-with-string icon.¥Finally, the way the strings work together is implemented in the wooden cross manipulated by thepuppet player. A puppet designer creating a knight on a horse fighting with a spear will adapt theThis is symbolised with a cross icon.(influence the behaviour of the system by setting preferences. Actually, the puppet master �i.e. theDocument Organisationtailorability. More precisely, the aim of the paper is to show that the introduction of a meta object protocolthe notion of a meta object protocol, we will discuss the issue of domain level tailorability (see section 2),

2. The Base LevelThis section will settle the scope of the rest of the paper, with a design specification for the Zypher OpenHypermedia Framework. It is important to note that this specification is not complete and this for threenotions of system level and configuration level tailorability. Secondly, because the design of the base level isnot crucially important for the real issue: the necessity of a meta object protocol). All that really matters isthat there exists a base level design, and that it is formalised in a set of contracts specifying relations between�and this follows from the previous motive� because it is possible to introduce a meta object protocol onimportant, as it makes the technique of a meta object protocol applicable in many other hypermedia systems.

2The idea of visualising the levels of the system by means of icons is adapted from

The Zypher Meta Object Protocol4 / 9A Design Specification3(i.e. loader) and a link resolution algorithm (i.e. a resolver) . This resulted in the object model (using OMT

MarkeractivateOn (instantiation)highlightOn (instantiation)selectOn (instantiation)

Instantiationedit ()PresentationLayerObject

AnchoractivateOn (component)valueOn (component) contents ()StorageLayerObject

EditoreditInstantiation (instantiation)higlightMarkerOn (marker, inst)selectMarkerOn (marker, inst)

ResolverresolveAnchorComponent

LoadersetContentsOfsetValueOf

Figure 2: The Design of the Base Level2], we will give a brief description of the message flow that implements the navigation operation (the heartStep 1: Selection of navigation sourceTo start a navigation action, the editor will send an #activateOn message to a marker with thecomponent associated with the instantiation.

3See [Demeyer’96] for a motivation of these extensions.

The Zypher Meta Object Protocol5 / 9Step 3: Resolution Processcontaining the algorithm that produces the target of the navigation action. Theinstantiation and marker that will serve as the target of the navigation operation.Step 4: Target PresentationFor each target the message #edit will be sent to the instantiation; the instantiation must pass thisactions. Finally, the actual target of the navigation action will be selected by sending the #selectOn#selectMarkerOn message). During this process, it is always possible to request a component for its¥¥¥¥The Zypher link engine seamlessly integrates all these tools by providing navigation facilities from one toolto another. For example, it is possible to follow hypermedia links from the design pattern documentation(i.e. a HTML or Microsoft Word document) to the implementation (i.e. a code or pattern browser). Also, one

3. The Meta Levelhypermedia systems, as it is one of the techniques to handle the well known ’lost in hyper space’Keeping track of all navigation actions boils down to the maintenance of a log: for all navigation actions wemust save the internal state of the participating agents to be able to restore them later. From this insightfollows that an implementation must solve two problems in order to provide a working backtracking service.There is the problem how to ensure that all navigation actions are witnessed and there is the problem how tosave the internal state of the participants. The former problem will be discussed in the following section; thememorising the internal state of an object solves the problem. The technique is based on the ’Memento’Funnel Navigation Actionsdefined on resolver). If we want to log all navigation actions, this would imply a patch of allimplementations of at least one of these key messages. From a software engineering perspective, this is an

The Zypher Meta Object Protocol6 / 9over all implementations of the patched key message. From an open hypermedia perspective the situation iseven worse, because in an extensible set-up, the objects participating in the navigation action may besupplied by external sources. This means that there is no secure way to incorporate the log algorithm in allimplementations, which implies that we can not ensure the integrity of the log.To ensure that all navigation operations are witnessed by the log algorithm we must adapt the design of thehypermedia system by providing a funnelling point for all navigation actions. In the Zypher design, suchfunnelling point is accomplished in the so-called ’path’, an object with the explicit responsibility to controlsome of the objects and most of the messages).

MarkeractivateOn (instantiation)highlightOn (instantiation)selectOn (instantiation)

Instantiationedit ()

AnchoractivateOn (component)valueOn (component) contents ()

ResolverresolveAnchorComponent

PathactivateMarkerOn (marker, instantiation)activateAnchorOn (anchor, component)

Figure 3: The Path Meta Objectthe global path object implements by means of the #activateMarkerOn message; the implementation willperform the four steps involved in the navigation operation (i.e. selection of navigation source - identificationparticipating objects.Funnel Storage & Presentation Layer operationsServices like authority control, caching and integrity control have much in common with the loggingsent, regardless of the objects involved. For example, to implement authority control one wants to adapt allimplementations of all #edit messages on all instantiations to check whether the user has the appropriateprivileges; to maintain a cache of visited information one wants to patch all implementations of allintegrity of the system’s data structures one will control all operations that change the associations betweenthe objects.5 45 The Zypher Meta Object Protocol7 / 9

Marker

Instantiation

Editor

Anchor

Loader

Resolver

Hypertext

Session

Path

The Zypher Meta Object Protocol8 / 9thus part of the design. However, without the funnel objects, the dynamic part of the contracts (i.e. theconditions� , they are by definition ’about’ the system. Moreover, they are an explicit representation of the

4. The Meta Meta Levelcontracts, which raises the question whether it is worthwhile to make these supplementary contracts explicitas well.To show that it is worthwhile, this section will start with a summary of the contracts introduced by the metawith a discussion on the connection between meta meta objects and configuration level tailorability.Meta Object Contractsthe available peripheral systems of the hypermedia system. Likewise (not visible in [figure 4]) the metaclass; hypertext - anchor class; session - instantiation class; session marker class), which corresponds to thesupervision of the potential elements constituting the running hypermedia system. Finally, (not depicted insession; storage layer object - loader in hypertext; anchor - resolver in path). The role of these operations is toConfiguration Level Tailorability ExperimentsTo explore the notion of configuration level tailorability, we conducted two experiments. The first one isformat depending on the keyword prefix. The list of possible keywords is in principle unlimited, so thethe link engine consists of the list of resolvers installed in a path, so the mapping of the keyword-prefix on

The Zypher Meta Object Protocol9 / 9only available on the Windows platform. On other platforms software engineers must use the HTML version.Configuration and Meta Meta objectsthe mere presence of these messages in the design means that only the static part of the contracts is explicitlyavailable which is not enough to control the execution of the contracts. To attain configuration leveltailorability, we must make the dynamic parts of the contracts explicit, which is precisely the role of theHypertext

Session

PathHypermediaContext

The Zypher Meta Object Protocol10 / 9level. Define a meta meta object protocol to establish associations between objects in the base level.The three levels of tailorability match nicely with the stepwise introduction of the meta object protocol. I.e.step (a) corresponds with domain level tailorability, step (b) accounts for system level tailorability, and step(c) enables configuration level tailorability. What is particularly appealing in the light of an ’Open

6. ReferencesBeck, K. / Johnson, R. "Patterns Generate Architecture"; ECOOP’94 Proceedings,Lecture Notes in Computer Science nr. 821, Springer-Verlag, 1994. Check http://st-www.cs.uiuc.edu/users /patterns /patterns.html for anonymous ftp.Berners-Lee / Cailliau, R. / Luotonen, A. / Nielsen, H. F. / Secret, A. "TheWorld-Wide Web"; Communications of the ACM - Vol.˚37(8) - August ’94.Blaha, M. R. / Premerlandi, W. J. / Rumbaugh, J. E. "RelationalDatabase Design Using an Object-Oriented Methodology"; Communications of the ACM - Vol.˚31(4) -April ’88.Conklin, J. "Hypertext: An Introduction and Survey"; IEEE Computer - Vol.˚20 (9) -September 1987.dissertation, forthcoming. Check http://progwww.vub.ac.be/zypher/.Gamma, E. / Helm R. / Johnson R. / Vlissides, J. "Design Patterns: AbstractionWesley, 1995.in Communications of the ACM - Vol.˚37(2) - February ’94.Johnson, R. "Documenting Frameworks Using Patterns"; OOPSLA’92 Proceedings, ACMPress, 1992. Check http://st-www.cs.uiuc.edu /users /patterns /patterns.html for anonymous ftp.Kiczalis, G. / Rivi�res, J. / Bobrow, D. G. "The Art of the MetaobjectProtocol"; MIT Press, 1991.Maes, Pattie "Concepts and Experiments in Computational Reflection"; OOPSLA’87Proceedings, ACM Press, 1987.Rao, R. "Implementational Reflection in Silica"; ECOOP’91 Proceedings, Lecture Notes inComputer Science, P. America (Ed.), Springer-Verlag, 1991.Rumbaugh, J. Blaha, M. / Premerlandi, W. / Eddy, F. / Lorenson, W. "Object-Wiil, U. K. / flsterbye, K (editors) "Proceedings of the ECHT’94 Workshop onProceedings, ACM Press, 1992.