Ph. D. DissertationJuly, 1996ZYPHERTailorability as a Link fromObject-Oriented Software Engineeringto Open HypermediaSerge DemeyerVrije Universiteit BrusselDepartement Informatica

"And since dissertations can be written about everything under thesun, the number of topics is infinite. Sheets of paper covered upwith words pile up in archives sadder than cemeteries, because noone ever visits them, not even on All Souls’ Day. Culture isperishing in overproduction, in an avalanche of words, in themadness of quantity. That’s why one banned book in your formercountry means infinitely more than the billions of words spewed outby our universities."Milan Kundera, The Unbearable Lightness of Being(Part Three: Words Misunderstood � Sabina’s Country)

Table of Contents

The Zypher Experiment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Open Hypermedia...................................................................................................................... 6Object-Oriented Software Engineering......................................................................................... 43The Zypher Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 9 The Zypher Software Artefact.................................................................................................... 70Data Structures For An Interoperable Hypermedia Framework.......................................................... 76A Design Space For A Hypermedia Framework............................................................................. 93A Layered Hypermedia Framework............................................................................................. 106Tailorability In An Open Hypermedia Framework......................................................................... 115Protocols in an Open Hypermedia Framework.............................................................................. 138Conclusion & Appendices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 5 Conclusion...................................................................................................................... 146Appendices...................................................................................................................... 154

A b s t r a c t

The dissertation concerns a study of state of the art object-oriented software engineeringapplied within the domain of open hypermedia systems. The results of this study arediscussed within the context of a software artefact named Zypher.The scientific contribution of this work is situated in the domain of object-oriented softwareengineering. The contribution is a proper combination of frameworks and meta-objectprotocols, which are two promising techniques in object-oriented software engineering. Weshow that, when combining both approaches, explicit representations of frameworkcontracts are part of a meta-object protocol. This insight is valuable in the design of meta-object protocols.The design of meta-object protocols is crucial in the development of large scale softwaresystems, because it leads to greater flexibility. Flexibility is a key requirement, since largescale software systems are bound to satisfy ever changing demands, hence must be adaptedcontinuously. This flexibility requirement is very prominent in open hypermedia, theresearch domain where the results are validated experimentally.The archetype for the kind of software envisioned is an open hypermedia system supportinga group of engineers in a design and manufacturing process. Such a system must handle themanagement of several tens of gigabytes of data stored in different devices, contained inmillions of individual design elements maintained in various formats, organised in denselyinterconnected graphs representing numerous relationships and �probably the most difficultrequirement� constantly evolving while the design and manufacturing process proceeds.Without a doubt, flexibility is a key requirement in these engineering support systems.We propose tailorability as a means to cope with the flexibility requirement, and we identifyat least three levels of tailorability to handle different kinds of flexibility. Domain leveltailorability is needed to adapt a software system to changing needs, such as theincorporation of new data formats. System level tailorability copes with requests about thesystem performance, data security or information integrity. Configuration level tailorabilityhandles demands such as cross-platform portability and run-time reconfiguration.We show that object-oriented software engineering techniques are valuable for thedevelopment of tailorable systems. More precisely, domain level tailorability can be achievedby building an object-oriented framework. Extending the framework with a meta-objectprotocol attains system level tailorability and yet another meta-level implements configurationlevel tailorability.

A c k n o w l e d g e m e n t s

I thank my promotor Prof. Theo D’Hondt. He pushed me to define this meta-object protocolin my Zypher framework and I confess that I doubted whether there would be one. Like allgood promotors, he was right and I was wrong. I am forever in depth with Patrick Steyaert.He was my mentor during the painful days and tempered my assaults until they fitted thethesis format. Patrick also advised me to form a circle of people that could help me infiltering ideas: Koen De Hondt, Roel Wuyts, Wim Codenie and Wolfgang De Meuter,thanks for helping me out. Valuable, among others in proof-reading were Carine Lucas, KimMens and Marc Van Limbergen. Karel Driesen wasn’t around when I finished the text, but Istill owe him a lot for all the lively discussions after a pint of beer and a borrowed cigarette.To all the other people at the Programming Technology Lab, the Computer SciencesDepartment and the University that I worked with during these years, thanks for being nicecolleagues. I would like to mention Viviane Jonckers for being an outsider with valuablecomments, and Eddie Vandijck for being a believer.Using internet I was able to manage some international contacts as well. Thanks to UffeKock Wiil for inviting me to organise the second open hypermedia workshop; it was a greatoccasion to enter the open hypermedia community. Thanks to Kasper flsterbye (and Uffe)for sending me drafts of what was to become the "Flag Taxonomy on Open HypermediaSystems" and the helpful discussions over e-mail afterwards. Helen Ashman provided mewith a draft of a paper discussing requirements lists for open hypermedia systems, whichwas a source of inspiration. It was good to know that I was not the only one combiningdesign patterns with hypermedia, Alejandra Garrido does parallel work. Eric Steegmansforced me to reconsider the white-box versus black-box debate, which provided me withsome valuable new insights.I got into the hypermedia field from a computer supported co-operative work angle. I amespecially grateful to Michel Tilman, for pointing me in the Hypermedia domain. I wouldlike to thank Dirk Kenis for running the DSide project with all its ups and downs and forhelping me with the apposition of this thesis. I am grateful to Wim Lybaert for working on acombination of Smalltalk and HTML/HTTP to make a version of DSide that was accessiblevia the web. Niels Boyen and Thierry Marchant helped during the development of otherDSide prototypes.The ARGO was an environment that confronted me with the problem how object-orientedideas survive in real projects; to all the people at the AIV (especially Martine Devos), thanksfor keeping me out of the ivory tower. Some people at OOPartners where helpful for bothmaterial and spiritual support, thanks to Wilfried "Wiffel" Verachtert, Arlette Vercammenand Peter Oyserman.I thank my parents as well. First of all for giving me the opportunity to study, it was the firststep towards this thesis. Also for all the love and support during these 30 years. Mybrothers, the rest of my family and family in law provided for the necessary distraction oncein a while. Special thanks go to my brothers for the nice artwork in this dissertation.And finally I would like to thank my wife, Ann. I know she doesn’t believe me, but Iwouldn’t have finished this thing without her.Serge DemeyerJuly, 1996

- 1 -PART

1The Zypher ExperimentIntroduction......................................................................................................................... 2Road Map........................................................................................................................... 5Chapter 1: Open Hypermedia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Hypertext & Hypermedia........................................................................................................ 7Open Hypermedia............................................................................................................... 22The Zypher Perspective........................................................................................................ 30Chapter 2: Object-Oriented Software Engineering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3 Incremental Development..................................................................................................... 44Object-Oriented Frameworks................................................................................................. 46Meta-object Protocols.......................................................................................................... 56The Zypher Contribution..................................................................................................... 63

- 2 -I n t r o d u c t i o n

Nowadays, a considerable amount of effort is spent on the design of open systems. Thisphenomenon can be observed in operating systems (e.g. UNIX and OS/2), databases (e.g.Exodus and CORBA), inter application communication (e.g. OLE and OpenDoc), tailorablesoftware (e.g. Emacs and AutoCAD), programming languages (Smalltalk and CLOS) andlast but not least �certainly with the advent of the world-wide web� hypermedia.A closer examination of these fields reveals that there are a number of common themesunderlying all these efforts. A first one is interoperability, an idea that starts from theperception that software systems are getting bigger and bigger, but rarely incorporate newideas. That is, in most occasions each major release clones features from othercomplementary systems. Rather than ending up with a huge system that behaves like acommon denominator of many other systems, one wants users to choose their favourite andspecialised systems and provide some form of co-operation facilities between them. Asecond theme in the design of open systems is extensibility, where system designersacknowledge that a single application will never be able to serve all the needs of all of itsusers. Rather than building static systems, system designers want to provide some form ofextensibility so that end users can extend the systems to their needs. A final theme isdistribution, where people want to share resources by connecting workstations andperipheral hardware through computer networks.From an end users perspective the interest in these themes is justified, since they try toprovide quite simple solutions for quite simple problems. However, when softwaredesigners must incorporate these solutions into their systems, they are faced with a numberof complex issues and questions. Each software designer comes up with different answersand this again gives rise to the enormous pool of standards, languages and protocols we findin today’s software systems. To cope with such a chaotic diversity systems get bigger andbigger, so consume more resources, contain more bugs and are more expensive to purchase.Something needs to be done to stop this evolution and this explains the motivation for thenumerous efforts on designing open systems: they are widely recognised as an attempt toaddress this problem.This Ph.D. research is a contribution to the same attempt. As Ph.D. research is well suitedfor exploring the more risky aspects of open systems, we have examined state of the arttechniques in other domains, applied these techniques to the design of a particular opensystem situated in the hypermedia domain, identified combinations that work, clarified whythese combinations work and tried to generalise the results afterwards.The techniques we applied in this work stem from the domain of software engineering. Inthis domain it is recognised (see among others the influential article "No Silver Bullet:Essence and Accidents in Software Engineering" [Brooks’87]) that software systems aremore difficult to build than any other kind of systems built in any other engineeringdiscipline. This is motivated from the observation that software systems are intrinsicallycomplex, must deal with the non-conformity of numerous human institutions and systems, issubject to a constant demand for change and is inherently invisible thus hard to conceive.One of the ways to deal with the inherent difficulties of constructing software systems iscalled incremental development. In natural systems like the human eye or brain, all

- 3 -complexity is the result of evolution, so proponents of incremental development feel thatcomplexity in software systems should be the result of evolution as well. So in theincremental development approach, a software system is regarded as a flexible constructionthat is constantly adapted, rather than a static device that can not be changed once it has leftthe design table.The software engineering community puts forward various approaches towards incrementaldevelopment. Two of them �object-oriented frameworks and meta-level abstraction� haveproven their value in the development of commercially available systems. The former is adesign specification technique for reusable designs in a particular problem domain. The latteris an abstraction technique that provides specific interfaces to manage system mutations.From these short descriptions, it follows that both techniques have different goals �frameworks aim at design reuse while meta-level abstractions aim at adaptability. Yet, bothtechniques are applicable in an incremental development approach � frameworks becausethe same design is likely to be reused in future instances of a system, meta-level abstractionsbecause they facilitate system mutations. So we may conclude that both techniques arecomplementary with respect to the incremental development approach.Returning to the main theme of the dissertation, it seems that the incremental developmentapproach is quite suitable when constructing open systems. Open systems address thechaotic diversity that follows from the numerous standards, languages and protocols thatexist in today’s software systems. Natural systems cope with chaos by evolution, soincremental development is likely to be applicable to the design of open systems. This bringsus to the first research hypothesis formulated below.Research Hypothesis 1Object-oriented frameworks and meta-level abstraction are two complementarytechniques in the design of open systems.This hypothesis embodies the main ideas that have been driving our research. On the onehand, we want to understand how complementary both techniques are and �based on thisinsight� propose a design methodology as a proper combination of object-orientedframeworks and meta-level abstraction. On the other hand, we want this design methodologyto address problems and issues that are encountered in the design of real systems.In the domain of software engineering, it is common practice to validate techniquesexperimentally [NationalAcademy’94] � researchers build prototype systems for a particularapplication domain to investigate benefits and drawbacks of a technique, and generalise theseresults to a broader set of application domains afterwards. Such a prototype system is calleda software artefact and in our dissertation this is role is played by the Zypher system.In such an experimental validation, the choice of the target application domain is of primeimportance: the software artefact’s application domain must be representative for a larger setof application domains. The idea is that the prototype system should be small enough so thatit can be built and adapted rapidly, yet scalable for the kind of problems encountered in realsystems. When the software artefact’s application domain is representative for a larger set ofapplication domains, the results obtained in the specific software artefact can be generalisedto the larger set of applications.We have chosen our prototype system to be an open hypermedia system. Open hypermediais about the management of large, complex and heterogeneous information structures and assuch, open hypermedia covers the common themes underlying all open systems �interoperability, extensibility and distribution. So it is likely that the results of an openhypermedia software artefact can be generalised to the larger set of open systems, whichbrings us to the second research hypotheses formulated below.Research Hypothesis 2Open hypermedia systems are representative for the larger set of open systems.

- 4 -The generic set of open systems is quite large. Besides open hypermedia systems, itcomprises domains like operating systems, database systems, inter applicationcommunication standards, tailorable software systems and programming languages. Yet wechose hypermedia as the representative element and we had a very special motivation to doso.The archetype for the kind of information to be managed by an open hypermedia system isthe engineering documentation used in the design and manufacturing process of airplanes.Such a system must handle the management of several tens of gigabytes of data stored indifferent devices, contained in millions of individual design elements maintained in variousformats, organised in densely interconnected graphs representing numerous relationshipsand �probably the most difficult requirement� constantly evolving while the design andmanufacturing process proceeds.Open hypermedia is recognised as a technological cornerstone for systems supportingairplane manufacturing. That is, it is possible to construct such a system withoutincorporating open hypermedia, but neglecting the technology implies the loss of valuableconcepts and strategic advantages.If open hypermedia is recognised as an invaluable ingredient in airplane manufacturing, itmay support other engineering disciplines as well. In the context sketched above, a logicalcandidate is the software engineering discipline, which brings us to the third researchhypothesis formulated below.Research Hypothesis 3Open hypermedia is a technological cornerstone for supporting software engineering.This dissertation is concerned with the examination of the three research hypotheses. We willdevise a model for open hypermedia systems that can be generalised into a model for opensystems; we will propose a design methodology based on a proper combination of object-oriented frameworks and meta-level abstraction and we will experiment with the notion of aframework browser as a tool that supports the management of object-oriented frameworks.

- 5 -Road Map

The dissertation is divided in three parts. The first part presents an overview of the importantresearch fields where this work found its roots. It starts with an overview of openhypermedia, including a generic model for open hypermedia systems and a scenario for ahypothetical framework browser. The former is based on the notion of a design space withthree levels of tailorability. This part of the dissertation supports the second researchhypothesis and introduces some arguments for the third hypothesis (see "The ZypherPerspective" - p.30). Next follows a survey of the two investigated techniques (object-oriented frameworks and meta-object protocols) followed by a discussion on how thosetechniques can be used to build an open system � that is a system that adheres to theprinciples argued in the design space with three levels of tailorability. This part of thedissertation introduces the main arguments for the first research hypothesis (see "The ZypherContribution" -p.63).The second part describes the software artefact used in our experiments, i.e. it provides adescription of the Zypher framework in design pattern form. In this part, each element in thedesign and its contribution to the overall framework is explained. The design patterns arewritten to stand on themselves, so many of the ideas and argued in the first part will berepeated here (i.e. the design space, the meta-object protocols, �). The second part servestwo purposes. Besides being a description of how we applied object-oriented frameworksand meta-object protocols in the design of the Zypher framework (i.e. the experimentalvalidation of the first research hypothesis), it also reports on how we build a prototype of aframework browser (i.e. the experimental validation of the third research hypothesis).Finally, the last part includes the conclusion and appendices. The conclusion reconsiders thethree research hypotheses in the light of all that precedes and review the results from abroader perspective. The appendices includes the apposition �which is an necessary part ofa Ph.D. dissertation at our university� and readers aids like a reference list, an index, a listof figures and a table of contents.While the first part is quite conventional, the idea of non-linearity (hypermedia remember) iscrucially important in the second part, i.e. the design pattern description of the Zypherframework. Indeed, the real power of design patterns lies in the idea of overlapping many ofthem in a single space. Overlapping patterns include several mutual references, hence theimportance of non-linearity. Nevertheless we want to stress that for a first tour, thesequential path is probably the best. Only for an in depth study, the referencing scheme isessential to understand how all patterns work together to achieve the overall design.Of course this text is available in hypertext format as well. Check the Zypher home pagehttp://progwww.vub.ac.be/prog/pools/Zypher/zypher.html, to read the most recent versionand other material created as part of the Zypher project.!

- 6 -CHAPTER 1Open HypermediaNot so many years ago, it would have taken quite a long time to explain to people the basicnotions of hypertext (or hypermedia � both names are used interchangeably throughout thistext). Oh yes, system administrators would have used technical documentation in hypertextform and some Macintosh users might even had experiences with HyperCard stackware.Still, most people would have shown big question marks hearing definitions like"hypermedia is a style of building systems for information representation and managementaround a network of multi-media nodes connected together by typed links" [Halasz’87] andcertainly would not see the tremendous possibilities of what has been called the navigationalparadigm to computing.Today, this is different. With the coming of the world-wide web, almost all computer usersare well aware of basic hypermedia concepts like links, anchors, nodes, non-linearity andnavigation. The establishment of cyber cafes takes away the obstacle of not owning acomputer: people can visit specially designed places to surf the web. In the United States,and more and more in Europe, the URL’s are an integral part of advertising and hypermediais even becoming visible in the streets now.If hypermedia has finally hit the mass market, then why is it still appropriate to write a Ph.D.dissertation on such a topic ? Well, as you will notice reading this text, hypertext andhypermedia research has a long standing history of fruitful research and the computer sciencecommunity can �and will� pluck more of those inspiring ideas in the time to come. One ofthis ideas is open hypermedia, and that is the topic discussed in this chapter.

- 7 -Hypertext & Hypermedia

With the explosive growth of the world-wide web, people are generally acquainted with thebasic hypermedia concepts. Still, there is more to hypermedia than there is to the world-wideweb and this section introduces many of the important ideas living in the hypermediacommunity.There are several ways to give an overview of those ideas. One could try for an analyticalapproach by partitioning the space of hypermedia systems along a number of dimensions.This approach has been taken in [Halasz’87], [Halasz’91] and also in[Akscyn,McCracken,Yoder’87], [Akscyn’91].The problem with an analytical approach is that it is hard to illustrate why a certain dimensionis ’good’ way to partition the space. To avoid this problem, we chose to provide a definitionand basic vocabulary of hypermedia, followed by brief historical overview that introducesthe reader to the major milestones in hypermedia research. As a rough guide we classified themilestones in generation of hypermedia systems. As with all brief overviews, manycontributions of many interesting projects could not be included, so be aware that this is byno means the ultimate overview of hypermedia research.What is Hypermedia ?Hypertext, Non-linearity and the Navigational ParadigmThe simplest way to define hypertext is to contrast it with the more traditionalapproaches to text. Traditional information sources like books are based on the idea ofa linear processing of information: readers are supposed to read from the first page tothe last page. Through the history of paper publication, people have found ways tocircumvent this linear processing of ideas (i.e. a phone book, a dictionary, a table ofcontents, an index, �) and the invention of desktop computers opened a new range ofpromising solutions.Hypertext is the name of the research domain that investigates the possibilities ofmanipulating non-linear text: the idea is that computers can be used to help userscreate, maintain and navigate between chunks of text to form structures and shapeinformation. Navigation is the basic operation that brings information explorers fromone chunk to another, which explains why hypertext is sometimes called thenavigational paradigm.Note that, although hypertext contrasts with traditional text approaches, a lot of thetraditional vocabulary of sequential text remains appropriate. The hypertext communityadopts terms like document, reading, reader, authoring, author and viewer instead ofthe more computer oriented ones like file, using, user, implementing, implementor andapplication.Hypermedia = Hypertext + Multi-mediaThe idea of hypertext is quite old, but with the advent of powerful workstationtechnology, it became feasible to extend the notion of hypertext beyond mere text-processing. Instead of manipulating chunks of text, one could also shape information

- 8 -structures containing pictures, video, sound, �. . Hypermedia �a contraction of thewords Hypertext and Multi-media� is a name invented to stress this change ofemphasis. However, like most material in the field, we use both termsinterchangeably.Node, Link and AnchorMany hypermedia projects have attempted to build models to support this navigationalparadigm. Each project invented its own terminology resulting in an enormous amountof words referring to similar concepts. Still, the hypermedia community has managedto reach consensus on some basic vocabulary. As the first hypermedia projects startedfrom a data model based on graphs, the basic vocabulary inherits quite a lot from graphtheory.The basic unit of information in a hypermedia system is called a node, which maycontain arbitrary information like text, graphics, video, sound, � . Some hypermediasystems allow a special kind of node, called a composite node, which can contain othernodes.A hypermedia system organises nodes into navigational structures. A link is the namefor an explicit representation of a navigation relationship that exists between nodes.The navigation effect �essential to all hypermedia systems� is achieved by traversingthe links. Links can be binary or n-ary; the latter allows an arbitrary number ofendpoints for a link, the former allows exact two. Most hypermedia systems enforcedirected links, which can be traversed in one direction only. The traversal direction ofthe link determines a source (the starting point of the navigation operation) and adestination (the arrival point). Many hypermedia systems allow typed links, whichhave some kind of label attached to them so that the reader may infer the purpose of thelink without actually traversing it.Links can be connected to whole nodes, but in most occasions links have specialpurpose connection points called anchors. An anchor is thus an explicit representationof a referencable substructure of a node serving as an endpoint of a link.Hypertext & Hypermedia DefinitionIn this dissertation, we adopt the definition of the influential "Seven Issues: revisited"keynote address [Halasz’91]."Hypermedia is a style of building systems for the creation, manipulation, presentationand representation of information in which:¥the information is stored in a collection of multi-media nodes¥the nodes are explicitly or implicitly organised into one or more structures(commonly, a network of nodes connected by links)¥users can access information by navigating over or through the availableinformation structures."There are two important remarks to make on this definition. First of all, it is a revisedversion of the definition that appeared in [Halasz’87]. The original version reads asfollows: "Hypermedia is a style of building systems for information representation andmanagement around a network of multi-media nodes connected together by typedlinks". In the revised version, Halasz explicitly recognises that the means to constructnavigational structures (i.e. nodes and links) are less important than the idea ofnavigation itself. This change of emphasis was driven by promising new approachesfor structuring navigation relationships (i.e. spatial hypertexts).The second remark is that one cannot underestimate the importance of the word "style"in this definition. To quote Jacob Nielsen [Nielsen’90] - p.02 "Many non-hypertextcomputer techniques may at least match various aspects of the definition of hypertext,but true hypertext should also make users feel that they can move freely through theinformation according to their own needs. [�] When asked whether I would view a

- 9 -certain system as hypertext, I would not rely so much on its specific features,commands, or data structures, but more on its user interface ’look and feel’."On this matter of style the last word is not said. Perhaps the closest specification of theessence of hypertext style is the one from Helen Ashman [Ashman’94]: "The commonthread that runs through most definitions is the idea that hypermedia permits users tocustomise the presentation of the information in some way. At least some part of theinformation presentation is in the user’s control. In the simplest cases, only the orderof traversal is decided by the user. But the more complex and powerful hypermediasystems let the user add to the hypermedia link structures as well. In every case, theuser creates a personalised environment tailored to meet their needs. It is thispersonalisation and customisability of the information presentation that characteriseshypermedia. This incorporates the idea of non linearity, since non linearity givescontrol of the order of traversal to the user".The style aspect in the definition is a subjective criterion and makes it very hard to judgewhether a system is hypertext and hypermedia. Nevertheless, or maybe just as aconsequence, the lack of a precise definition has not tempered the hypermedia community toprovide numerous fruitful ideas and we discuss the most important ones below.A Guided Tour of HypermediaThe earlier periods of this guided tour are primarily based on the book "Hypertext &Hypermedia" by Jacob Nielsen [Nielsen’90]. Other inspiration was drawn from the annualconferences on Hypertext: the first two organised in the US [HT’87], [HT’89] and fromthen on alternating between Europe and the US [ECHT’90], [HT’91], [ECHT’92],[HT’93], [ECHT’94], [HT’96]. The keynote address by Randy Trigg [Trigg’96] served as abackbone for the classification in generations.a)The Pioneers � Memex, Augment and XanaduMemex � Vanevar Bush (1945)Most people agree that Vanevar Bush is to be considered the founding father ofhypermedia research. His paper "As we may think" [Bush’45], described an imaginary"Memex" system based on microfilm technology (!) to support scientists in their taskof tracing the enormous amount of information that was published in their discipline.The idea was that people could use a machine to link together fragments of differentdocuments and pass this annotated material to colleagues: the very same idea thatstarted of the world-wide web project [Berners-LeeEtAl’94].Augment/NLS � Douglas Engelbart (1962-1976)While the Memex system coined the idea of using a machine to maintain associativelinks between document fragments, it was the Augment project that �in a time wherecomputers were used mainly as number crunchers and instructed through punchcards� laid the basis for computer technology as tools for realising a "ConceptualFramework for Augmenting Human Intellect" [Engelbart’95]. This project introduceda second major theme of the future hypermedia research, that of computer supportedco-operative work (CSCW). Besides that, the Augment project invented nearly half ofthe concepts of today’s desktop environments, such as e-mail, teleconferencing,windows, the mouse pointing device, etc.The hypermedia research community still acknowledges the great influence of thevision of Douglas Engelbart and has established a yearly prize in honour of his person.Xanadu � Theodor Nelson (1965-�)It was the Xanadu project that actually coined the words hypertext and hypermedia in avision that all information would be published in a universal information repository,accessible via computers ("literary machines"). Although the Xanadu Operating

- 10 -Company (see http://www.mpx.com.au/) is entirely devoted to the implementation ofthat vision, it was the world-wide web project [Berners-LeeEtAl’94] that came nearestto a such a universal information space. Nevertheless, the Xanadu project will alwaysbe credited as the first project that performed constructive thinking on problems likeuniversal referencing schemes [Nelson’87], copyright issues, versioning, etc.The three pioneering hypermedia systems share the idea of using machines to link togetherfragments of information. Yet, they came to this idea from a completely different angle.Memex envisioned a system supporting scientists in organising information, so the emphasiswas on authoring associative links and on the annotation of material. Augment/NLS was aprototype of an office information system, where co-operating people work on sharedmaterial, hence the need for fine grained concurrency control mechanisms, integration oftools and user-interface. Xanadu aimed for very large and distributed information systems,so there the emphasis was more on coarse grained concurrency control algorithms,replication of information and referencing schemes.b ) The Monolithic Hypermedia Systems � NoteCards and IntermediaAfter these three pioneering projects, lots of activity went on in hypermedia community. Werefer the interested reader to [Conklin’87] for an overview and a comparative study of thoseearlier systems (with names like Boxer, CREF, Emacs INFOR, IBIS, Intermedia, KMS,Neptune, NoteCards, PlaneText, Document Examiner, SYNVIEW, Textnet, Hyperties, WE� and the list is not yet complete) and concentrate on two of them: NoteCards andIntermedia. Our choice was guided by the significant impact of both systems on all laterhypermedia research. Based on the classification of [Trigg’96], we see them asrepresentative for the generation of monolithic hypermedia systems.NoteCardsNoteCards [Halasz’87] was developed as a research prototype at Xerox Parc withinthe InterLisp environment. Programmers were able to extend the system by means ofan API of over a 100 routines so that the NoteCards system could be tailored to theirneeds. The NoteCards prototype has been used outside Xerox Parc in numeroussettings and as such the system had quite a lot of impact on the hypermediacommunity.The design of the system was based on a ’notecard’: an electronic generalisation of the3x5 paper notecard that could contain an arbitrary amount of some editable information(text, graphics, �). Cards could be linked together by means of typed directionallinks; users could follow links by clicking on the source of a link to pop up the targetcard. The ’browser’ allowed users to edit a network of interlinked notecards and the’filebox’ enabled the collection of notecards into composites.Hypermedia Research AgendasThe main reason why the NoteCards system could not be omitted from this overviewis the fact that it was used twice as a foil against which to explore some of the majorlimitations of two generations of hypermedia systems and as such caused the definitionof two agendas still driving the research in the hypermedia community. The first (see[Halasz’87]) put forward a list containing the items: (1) search and query, (2)composite nodes, (3) virtual structures, (4) computational engines, (5) versioning, (6)collaborative work and (7) tailorability. This agenda was revised in 1991 (see[Halasz’91]) in the list: (1) ending the tyranny of the link, (2) open systems, (3)support for collaborative work, (4) user interfaces for large information spaces, (5)very large hypertexts, (6) tailorability and extensibility, (7) computation in (over)hypermedia networks, (8) defining the hypermedia markets, (9) standards, (10)publishing hypertexts. Figure 1 shows how both research agendas map onto eachother. It would take us too long to study each of the items in detail, but some of themare covered in the section open hypermedia (p.22).

- 11 -(1) Search and Query(2) Composites(3) Virtual Structures(4) Computation(5) Versioning(6) Collaborative Work(7) TailorabilityResearch Agenda ’87Research Agenda ’91

(1) Ending the Tyranny of the Link(2) Open Systems(3) Support for Collaborative Work(4) User Interfaces for Large Information Spaces(5) Very Large Hypertexts(6) Tailorability and Extensibility(7) Computation in (over) Hypermedia Networks(1) Defining the Hypermedia Markets(2) Standards(3) Publishing Hypertexts

Technology Issues

Market IssuesFigure 1: Hypermedia Research AgendasIntermediaIntermedia ([Yankelovich,Meyrowitz,VanDam’85], [Meyrowitz’86],[Catlin,Bush,Yankelovich’89], [HaanEtAl’92]) is another hypermedia system that hasinfluenced �directly or indirectly� all subsequent hypermedia research.Unfortunately, the Intermedia system was only available on the AUX platform (aUNIX operating system for the Macintosh), which has severely hampered it to spreadinto real applications.Intermedia was designed to demonstrate operating system developers that hypermediafunctionality should be integrated into the desktop computing environment and was thefirst advocate for an open hypermedia system philosophy [Meyrowitz’89]. Thetechnology was not available at that time, which explains why Intermedia is still to beconsidered a monolithic system.Linking ProtocolIn Intermedia, nodes are called ’documents’ to be edited by editors part of theIntermedia system. The Intermedia editors represent standard desktop applications likeword processors, drawing packages, e-mail, �. The Intermedia project coined theidea of an anchor (although it was Dexter that actually named it anchor, the very firstIntermedia papers use the term block) to be an arbitrary selection within any readabledocument. According to the Intermedia philosophy, creating links should be as easyand as generic as the cut/copy/paste metaphor of desktop environments and thus mustbe supported by operations in the operating systems underlying those desktopenvironments. These operations are collected in a so-called linking protocol, a themethat returns in the discussion of open hypermedia systems.Webs, or the Separation of Structure from DataAnother important concept in the design of Intermedia was that of a web. The basicassumption is that one document (i.e. a node in the generic hypertext terminology) canbe part of different navigation networks and that the reader must be able to switchthose navigation networks freely, depending on the reader’s context. In Intermediaterminology, one such navigation network is called a web and the Intermedia systemhad special ’Web Views’ containing automatically generated layouts of the networkstructure.The reason why the web concept is so important, is that it implies that a hypermediasystem should "get the links out of the data" or stated otherwise "hypermedia separatesstructure from data". This principle has proven so valuable that it is almost standard inthe design of current hypermedia systems. Nevertheless, the world-wide web ignored

- 12 -this principle with its notion of embedded links, which explains most of the critique ofthe hypermedia community. We come back to this critique in the section on openhypermedia (p.22).Object-Oriented Software EngineeringThe final justification for discussing Intermedia is that the project advocated for themain theme of this dissertation: the cross-fertilisation between object-oriented softwareengineering and hypermedia. Intermedia [Meyrowitz’86] was actually a hypermediaspecialisation of the fairly general MacApp framework [Schmucker’86] and promotedobject-oriented databases as back-end for hypermedia storage [Smith,Zdonik’87].Both NoteCards and Intermedia are stand alone system that store structures of information.However, they target different application domains and concerning other characteristics theyare quite different. NoteCards was there to support individuals in structuring information, sothe emphasis was on authoring and browsing tools. Intermedia was designed to supportsmall groups working on shared material so here issues fine-grained concurrency control,tool integration were considered very important.The research agendas in figure 1 give a glimpse of the problems with this generation ofsystems and most of them are tackled in the three streams of research that live in thehypermedia field today. But before discussing the issues and contributions of these threestreams of research, we mention two miscellaneous hypermedia projects that play animportant role in the remainder of this dissertation.c ) Miscellaneous � HyperCard and DexterThis overview would be incomplete without discussing the HyperCard software [Apple’89]and the Dexter Hypertext Reference Model [Halasz,Schwartz’90]. We classify them in amiscellaneous category as neither of the two is to be considered a real hypermedia system.HyperCardHyperCard is to be considered the first really popular hypermedia product in the worldand is certainly the first software product that introduced hypermedia to the broaderpublic. There are several reasons for this popularity. First of all, it was bundled forfree with every Macintosh computer, so all Macintosh users had access to it. Second,numerous ’stackware’ applications were available for almost any problem domain, ifnot for free then certainly at very low prices. And finally, the product was designed sothat anyone who could use a computer could read and create ’stacks’. (Note that moreor less the same ideas are part of the world-wide web success story).The Componentware Approach to HypermediaHyperCard is strongly based on a card metaphor. Nodes are called cards and arecollected in a stack to form a single hypertext. Nodes take up a fixed size on the screenand can contain several widgets containing text, drawings, �. The behaviour of thesewidgets is controlled by means of scripts written in the HyperTalk scripting language.There is no explicit notion of links, but some HyperTalk statements can achievehypermedia navigation effects (i.e. ’goto card˚�’).HyperCard must be mentioned in this overview because of its end-user tailorability.HyperCard really advanced the state of the art in hypermedia authoring tools, byoffering end users an easy-to-use graphical programming environment including apowerful yet easy to learn scripting language. In that sense, HyperCard is actually anancestor of the componentware approach for building software [Udell’94]: provide alibrary of powerful customisable components and let end-users assemble their ownapplications with it. Compared to object-oriented software engineering, thecomponentware approach is somehow the other side of a spectrum, hence we find it soimportant.

- 13 -Is HyperCard a Hypermedia System ?HyperCard is a good example of the implications of using a definition based on nodesand links like found in [Halasz’87], or a definition that emphasises on the style ofbuilding systems like the one we adopted from [Halasz’91].Despite of its success (or maybe because of its success ?) some hypermediaresearchers (see [FountainEtAl’90], [Mylonas,Heath’90]) doubt whether HyperCard isa full fledged hypermedia system1, among others because it has no explicit notion oflinks. However, the definition we adopted classifies HyperCard as a hypermediasystem, because it offers a degree of end-user customisability rarely met in otherhypermedia software.Nevertheless, because all HyperCard links are computed in scripts and because thesescripts reside within the cards, the HyperCard design ignores the principle of "gettingthe links out of the data". Obeying this principle is not mandatory for being ahypermedia system, but it is definitely a help for providing extra navigational aids (seeamong others [Lai,Manber’91]).The Dexter Hypertext Reference ModelThe Dexter Hypertext Reference Model [Halasz,Schwartz’90] (Dexter for short) wasthe result of two small workshops on hypertext with representatives from many of themajor existing hypermedia systems. The model attempted to capture the state of the artof that time’s most prominent hypermedia systems (i.e. Augment, DocumentExaminer, IGD, FRESS, Intermedia, HyperCard, Hyperties, KMS/ZOG,Neptune/HAM, NoteCards, Sun Link Service and Textnet), systems belonging mainlyto the generation of monolithic hypermedia systems. One of the original goals of theDexter Hypertext Reference model was to define a hypermedia interchange standardfor a wide range of existing and future hypermedia systems, and although this goalwas never realised, the Dexter model had a considerable impact on subsequenthypermedia research; some hypermedia systems even initiated their design using theDexter specification (notably DeVise hypermedia-DHM [Gr¿nbaek,Trigg’94] and theAmsterdam Hypermedia Model-AHM [Hardman,Bulterman,VanRossum’94]).The design of the Zypher framework was based on the Dexter Model as well, and werefer to Chapter 3 (Data Structures for an Interoperable Hypermedia Framework- p.76)for a more detailed discussion of the Dexter Model. Here we focus on the importantideas.Separation of Concerns: Storage Layer, Within-Component Layer & Run-time LayerFirst, by adapting the generic hypertext system architecture of the Hypertext AbstractMachine (HAM) model [Campbell,Goodman’87] Dexter emphasised the separation ofconcerns important in hypermedia system design. As depicted in figure 2, Dexterproposes three layers: the within-component layer (mostly referred to as the withinlayer), the storage layer and the run-time layer. We quote the original paper[Halasz,Schwartz90] to define the responsibilities of each layer.

1According to [Nielsen’90], p. 93, Bill Atkinson (the designer of HyperCard) has admitted that it was notreally designed as a hypertext product.

- 14 -Run-time LayerStorage LayerWithin-Component LayerPresentation SpecificationsAnchoringFigure 2: Dexter Model LayersThe storage layer "models the basic node/linknetwork structure that is the essence ofhypertext. [�] The storage layer focuses onthe mechanisms by which link and non linkcomponents are ’glued together’ to formhypertext networks. The components in thislayer are treated as generic containers of data.No attempt is made to model any structurewithin the container". The within-componentlayer "is specifically concerned with thecontents and structure within the componentsof the hypertext network". The run-time layerprovides "tools for the user to access, viewand manipulate the network structure".The emphasis of the Dexter model is on the storage layer and the two adjacentprotocols. Using these two protocols, Dexter specifies a standard way of constructinghypermedia structures and storing them into an underlying "hyperbase". The within-component layer would rely on existing standards such as SGML and HyTime, whilethe run-time layer is the responsibility of any (hypermedia) application that adheres tothe Dexter protocol.Careful analysis of the definitions of the layers reveals that the separation of concernsbetween the storage and within-component layers is actually a rephrasement of the "getthe links out of the data" principle. Also, the separation of concerns between thestorage and run-time layer is actually a preparation for the open hypermediaphilosophy, where any desktop application is allowed to manipulate the hypermedianavigation network.The Anchor conceptStating that the storage layer should be separated from the within-component layer isone thing, but then how should both layers interface with each other ? A hypertextsystem obeying the principle of "separating structure from data" requires a mechanismfor addressing locations within that data. It was a major contribution of the Dextermodel to formalise the concept of anchors (borrowed from the Intermedia project) forthat purpose. Dexter also proposed the concept of presentation specifications as theglue between the storage layer and the presentation layer, but the hypermediacommunity did not pick up the idea.We classified HyperCard an Dexter in a miscellaneous category, but again they target adifferent application domain and so we can expect some fundamental differences between thetwo as well. HyperCard aimed to support an individual in organising and presentinginformation, so the emphasis was on authoring and presentation. Dexter was mainlyinfluenced by hypermedia systems supporting small groups of people working on sharedmaterial. Hence the emphasis on the storage layer, which among others enables toincorporate concurrency and version control.d ) The Open Hypermedia Systems � DHM and MicrocosmA first observation about the generation of monolithic hypermedia systems is that they arenot ’open’ in the sense that only applications part of the hypermedia system are able toprocess the information inside the navigation network. As a result, hypermedia systems areused for specialised tasks only; not in the daily information processing since people use othertools there (e-mail, text-processors, � ) [Meyrowitz’89], [Brown’90].The above observation gave rise to a stream of research generally referred to as openhypermedia. One of the best specifications of what open hypermedia research encompasseshas been formulated in a scenario where engineers from the Boeing Airplane ManufacturingCompany propose a hypermedia system as a way of integrating data, tools and services that

- 15 -support engineer’s work practices [Malcolm,Poltrock,Shuler’91]. We come back to thisscenario when we discuss open hypermedia (p.22). Here we discuss two representativeexamples of well-known open hypermedia Systems, and name most of the other knownhypermedia systems.Microcosm: an example of a link service raising the interoperability issueMicrocosm [FountainEtAl’90] is one of the first hypermedia systems to incorporateinteroperability standards provided in the operating system (their first version usedDDE - Dynamic Document Exchange under Windows) to allow external applications tomake use of the linking facilities provided by the hypermedia system. Such anapproach is typically called a link service (see also [Pearl’89]). Microcosm comesalong with several built-in document viewers and the project investigated several waysto make external applications aware of the presence of the link service([Hall,Hill,Davis’93], [DavisEtAl’92], [Davis,Knight,Hall’94]).An interesting remark about the Microcosm project is that they have built up a notablereputation in dealing with multi-media archives. Among others by building electronicversions of the Mountbatten and Churchill archives. Noteworthy is also that, after along period of experimentation in University labs, Microcosm has recently become acommercial product.Generic Links and FiltersGeneric links are an important ingredient of the Microcosm philosophy. TheMicrocosm project values links as an important store of knowledge besides thedocuments themselves. If the links are bound too closely to the documents, theycannot be applied to new documents. The similarities with the web concept in theIntermedia project are striking and indeed Microcosm is a strong advocate for the "getthe links out of the data" principle [Davis’95].Microcosm takes a slightly different approach however. Besides specific links betweenparticular locations inside specific documents, the Microcosm system has this notion ofa generic link, which once authored from a certain pattern (be it a text string or a pieceof multi-media information [LewisEtAl.’96]) to a destination anchor, may be followedfrom any occurrence of the pattern in any document. Following generic links makesthe system search the link base for all matches of a certain pattern to compute a list ofpossible target locations. Users can control this search by plugging filter modules,where each filter represents a special matching/searching algorithm.The Componentware Approach to Open HypermediaMicrocosm can be regarded as representing the componentware approach to openhypermedia. In essence, the Microcosm system is a link service for a collection oftailorable modules to be assembled in a hypermedia environment. There exist twotypes of modules: viewer applications and filters.Microcosm classifies the viewers in three categories. Fully aware viewer applications[Hall,Hill,Davis’93] are viewers where the source code of the viewer was availableand has been enhanced to include calls to the Microcosm API. The more interestingcategories are the semi-aware and universal viewers [Davis,Knight,Hall’94]. Semi-aware viewers are third party applications that can be tailored (by means of a scriptinglanguage or macros) to include at least part of the Microcosm functionality. The genericexample for these kind of viewers is Microsoft Word, which can be extended quiteeasily using the VisualBasic scripting language and the Microsoft Windows DDE inter-application communication facilities. The universal viewer is the means to handleapplications that cannot otherwise be integrated with the Microcosm link service. It is akind of a parasitical program (a "shim" in Microcosm terminology) that is wrappedaround an unaware application and handles communication between the Microcosmlink service and the application.

- 16 -Filters are the modules that situate themselves on the other side of the link service.When a viewer application passes a message to the Microcosm link service, themessage is passed through a chain of appropriate filters. Each filter decides whatactions to take and returns messages to the link service which in turn passes them tothe appropriate viewer applications.Besides the tailoring facilities offered by viewer applications and filters, there is yetanother tailorability dimension and that is the communication protocol between thedifferent modules. There, Microcosm adheres to a free-format message passingprotocol where modules communicate by exchanging messages containing lists ofslots. The list of possible slots is unrestricted and receivers of the messages are notforced to interpret all the slots in order to understand the message. This idea is nowtaken as the basis for a definition of a standard communication protocol between openhypermedia systems. Below is shown how the current proposal[Davis,Lewis,Rizk’96] would request for opening a document called "OHP.htm" inread-only mode. The "DocumentNickName" slot is an example of an optional slot thatcan be used to provide redundant descriptions of the document.\Subject LaunchDocument\DocumentName "OHP.htm"\ReadOnly True\DocumentNickName "The OHP Protocol"\DocumentType HTML\DataCallBack False\Channel 40DHM (DeVise Hypermedia): The Framework Approach to Open HypermediaDHM [Gr¿nbaek,Trigg’94] is an open hypermedia system designed to support co-operative design in (among others) large engineering projects. In contrast withMicrocosm, DHM is more oriented towards object-oriented software engineeringtechniques to provide the kind of openness demanded in engineering environments.As such, the DHM project incorporates object-oriented database and frameworktechnology (again, we see the influence of the Intermedia project). Also, DHM allowsend-users to extend the system by providing a kind of access to the source code levelwithout the need to employ the full development environment[Gr¿nbaek,Malhotra’94]. This is actually an improvement over the API approach takenby NoteCards or the framework approach taken by Intermedia.An important distinction between DHM and Microcosm is that Microcosm enforcesviewer applications to store their own documents, while DHM provides an extraservice to the viewer applications by allowing them to store the documents inside thehypermedia system. The latter is very important in collaborative settings to handleintegrity, version control and change notification.DHM and DexterBesides being an open hypermedia system, DHM has an outstanding reputationconcerning extensions to the Dexter Reference Model [Gr¿nbaek,Trigg’94],[Gr¿nbaek’94], [Gr¿nbaek,Trigg’96].Dexter was an attempt to capture the design of the generation of monolithic hypermediasystems, but was underspecified to play its role as a reference model for exchange ofhypermedia. DHM has proposed some extensions and modifications, among othersconcerning dangling links, link directionality, anchoring within composites[Gr¿nbaek,Trigg’94]; locking and notification [Gr¿nbaekEtAl.’94]; composites[Gr¿nbaek’94]; location specifiers and reference specifiers to deal with embeddedreferences, anchors in external documents and dynamic hypermedia structures

- 17 -[Gr¿nbaek,Trigg’96]. The DHM project has proven that the Dexter model �althougha reference model for monolithic hypermedia systems� is a good basis to build openhypermedia systems.Other Open Hypermedia SystemsSince open hypermedia is one of the main themes of this dissertation, we mention theother systems and projects that should be reckoned as open hypermedia. Sun’s LinkService [Pearl’89] is a first attempt to incorporate a linking protocol in the operatingsystem so that any application can make use of it. MultiCard is an open hypermediasystem somewhere in between Microcosm and DHM. With Microcosm it emphasiseson an extensible linking protocol that enables third party applications to access the linkservice; like DHM it offers hyperbase functionality with concurrency control features.HyperTED [Vanzyl’94] is an open hypermedia system that experiments with featuresspecific to particular application domains to see whether this may help in solving openhypermedia problems. Hyperform [Wiil,Legget’92], [Wiil,Legget’93] and itssuccessor Hyperdisco [Wiil,Legget’96] is much like DHM in the sense that is alsobased on object-oriented techniques to extend the system. One of the appealing featuresof Hyperform is the way it allows to experiment with various approaches forconcurrency control and notification. The Hypermedia Research Laboratory in Texasdeveloped a series of hyperbase and hypersystem prototypes called HB0-3/SP0-3[Kacmar,Legget’91], [Legget,Schnase’94] with the latest descendant named HOSS[N�rnbergEtAl’96]. These prototypes stress the importance of processes in an openhypermedia system and lately started to explore potential benefits of having maximaloperating system support for hypermedia functionality. Chimera[Anderson,Taylor,Whitehead’94] is �to our knowledge� the only system thatdemonstrates how third party applications can be used to enrich software developmentenvironments.Microcosm and DHM are both open hypermedia systems. The reason they have chosen adifferent approach is because they aim to support a different application domains. Microcosmwants to support individuals working with various kinds of information, hence the emphasison tools for authoring links and on customisability. DHM supports co-operative design inlarge engineering projects, so the emphasis is more on concurrency control, sharing ofinformation and uniform tool enhancements.e ) The Distributed Hypermedia Systems � ABC and WWWA second observation about the generation of monolithic hypermedia systems is the lack of’distribution’, in the sense that all the information inside the navigation network is stored inone centralised repository. In most cases, the centralised repository is a file system, althoughsome hyperbases apply database technology as well (i.e. [Sch�tt,Streitz’90],[Wiil,Legget’92], [Wiil,Legget’93], [Wiil,Legget’96]). To some extent, the upcomingdistributed database technology may serve the needs of distributed hypermedia. However, toimplement the Xanadu vision, one must leave the notion of a centralised repositoryaltogether, as some hypermedia systems do. The latter are kind are classified as thedistributed hypermedia systems.WWW: World-Wide WebThe hypermedia project coming nearest to implementing the Xanadu vision was theworld-wide web project [Berners-LeeEtAl’94]. The world-wide web consists of anextensible set of "page-servers", where each page contains a number of embeddedreferences to other pages residing on (often remote) servers. Web surfers (jargon forusers reading world-wide web pages) employ browsers (the client programs) tonavigate the loosely coupled graph of web pages by loading these pages and activatingthe embedded references to load referenced documents. The world-wide web utilisesthe Internet wide area network to connect all those servers, so that users really

- 18 -experience having the world at their fingertips: with a single mouse click they can jumpto the other side of the world.The world-wide web was developed at CERN as a medium to exchange scientificresults, but rapidly reached momentum outside the scientific community andexperienced an exponential growth of running servers and clients. Most softwarevendors, certainly the very large ones like Microsoft and ORACLE, adapt theirstrategies and software to incorporate some kind of web functionality.The HTML, HTTP, URL AcronymsThere are a number of acronyms often used to refer to the world-wide web, but are infact but technological cornerstones for enabling the establishment of such a large scaledistributed hypermedia environment.HTML (Hypertext Mark-up Language) is an interchange standard used to submit pagesfrom the server to the clients. The idea is that an ordinary text document includesseveral "mark-ups" that tell the client how to format it. HTML includes mark-up fortitles, boldfacing, graphics and �most important� anchors. Anchor mark-up containsthe embedded references to the other pages and is supposed to be highlighted by clientprograms (typically in some colour and underline). HTML is defined as a growingstandard, in the sense that future versions of the HTML standard are supposed toembody the older versions.HTTP (Hypertext Transfer Protocol) is the network protocol most commonly used totransfer pages. These pages may be in HTML format, but HTTP can handle otherformats as well (the HTTP protocol contains limited format negotiation). An importantlimitation (although essential on such scale) of the HTTP protocol is that it is stateless,i.e. the network connection is only held for the time needed to transfer the page. Thismakes it especially hard to use the world-wide web in collaborative settings. Note thatmost web browsers adopt other network protocols like FTP (file transfer), SMTP(electronic mail) as well.URL (Universal Resource Locator) is the name for the format of a page address,which is used in the embedded references and anchor mark-up. The URL is actually anextensible addressing format, which makes it easy to refer to new types of pageservers. A URL is prefixed with a key word identifying the address space of thereferenced page (i.e. ’file’ for file servers, ’http’ for HTTP servers, ’ftp’ for FTPservers, ’mailto’ for electronic mail, �). The format of the rest of the address dependsentirely on this prefix, but consists in most occasions of a set of identifiers separatedby "/" (a hierarchical level) or "?" (an argument to a query).Most world-wide web servers map HTTP requests to HTML documents residing onsome file system. However, the HTTP protocol and the HTML format are sufficientlysimple to be easily mimicked by other programs. For example, it is quite easy to set-upa program that translates user requests into database queries and returns the result inHTML format. Or a server may decide to store documents in another format andgenerate HTML on the fly with each request.The diversity of protocols and formats and the ability to generate everything on the flymakes it hard to discuss the web as a hypermedia system. For example, the Web isfrequently criticised as not respecting the "separate data from structure principle" (forusing embedded references), while this is counter argued by saying that a server mayvery well store the links apart from the data and embed the links only whentransferring the page (i.e. like in the Hyper-G [Andrews,Kappe,Maurer’95] andHOME [DuvalEtAl95] projects).ABC: Artefact Based CollaborationABC is a project that has taken into account the issue of distribution from the verybeginning. To deal with large scale hypermedia (such as in the aerospace industry

- 19 -[Malcolm,Poltrock,Shuler’91]), "the architecture must permit distribution acrossmultiple hardware platforms; to be distributable, the data model must be partitionableinto objects that tend to be accessed separately and that have relatively few links and/ordependencies with other objects." [Smith,Smith’91]. Besides nodes and links, theABC design is based on the notion of subgraphs, providing a natural way to partitionthe overall graph structure and distribute it over a number of graph servers. The ABCsystem comes with a multitude of network browsers that provide end-users with thenecessary tools to manipulate the complex navigation structures.The striking difference with the world-wide web project is the support forcollaboration. The ABC project has investigated many issues related with sharingmaterial over distributed servers, such as access control and concurrent access[Schackelford,Smith,Smith’93].ABC is also an open hypermedia in the sense that the primitive nodes in the graphstructure contain files to be processed by third party applications. ABC takes theviewpoint that hypermedia graph servers should become the file systems of the nextgeneration of operating systems [Smith’96] and that hypermedia navigation will be anessential ingredient of the next generation operating systems (i.e. the graph browserswill replace the file managers of today’s desktop environments). With the growinginterest for world-wide web technology (among others by operating system vendorslike Microsoft) this seems to be very promising.Both being representatives of distributed hypermedia systems, the world-wide web and ABCare quite different with respect to the target application domain. The world-wide web aims tosupport individuals in browsing and publishing material and most work is on thedevelopment of interchange standards and communication protocols. ABC is aboutsupporting groups, so incorporates various concurrency control mechanisms.f ) The Spatial Hypermedia Systems � Aquanet and HyperCafeA third observation about the generation of monolithic hypermedia systems is the poorperformance when dealing with ’dynamic’ structures. Most hypermedia systems performwell for information presentation, but force authors to specify all navigation relationshipsexplicitly by hand. So the support for structuring information can be improved, certainlywhen it comes to dynamic structures.Aquanet and its successor VIKIAlthough there were other systems that abandoned the basic node/link model to dealadequately with dynamic structures (i.e. String searching in SuperBook[Remde,Gomez,Landauer’87]; Petri nets in Trellis [Furuta,Stotts’89]; Taxonomies[Parunak’91]) it was with the Aquanet project [MarshallEtAl’91] that the SpatialHypertext research took off.The idea underlying the Aquanet project is to support a group in structuring collectiveknowledge by providing multiple views on the same knowledge structure. However,unlike traditional hypertext approaches, users are not forced to make these knowledgestructures explicit by connecting nodes with typed (labelled) links (i.e. gIBIS[Conklin,Begeman’88]). In Aquanet, relationships are inferred from the spatialorganisation of nodes [Marshall,Shipman’93]. VIKI [Marshall,Shipman,Coombs’94]and [Marshall,Shipman’95], which is the successor of Aquanet, allows to formalisethose emerging structures on user’s demand.

- 20 -IssuePosition AArgument 1Position BArgument 2

PROPROCONa) gIBISb) VIKI

Figure 3: Traditional Hypertext (a) versus Spatial Hypertext (b)Figure 3 illustrates the difference between a traditional way of creating a hypertextstructure and the spatial way. On the left we see part of a gIBIS network stating thatthere are two possible positions for a given issue and that there are two argumentssustaining the positions; moreover one argument not only sustains one position butalso counters the other position. The create such an argumentation structure, a usercreates five nodes (one issue, two positions and two arguments) and five links. Notethat creating a link is a complex operation, one must choose the type of the link, markits source and target an provide an optional label.To the right of figure 3, we see two VIKI structures: one with a diamond, rectangleand oval denotes a composite relation; the other with four rectangles and a diamonddenotes a labelled relation. This means that to create a composite relation, a user mustplace three node with three different types one beneath the other. And if a user places agroup of nodes with same type one beneath the other, and an extra node with differenttype on top of it this is recognised as a labelled relation. So, creating relationships withVIKI requires less steps than traditional hypertext approaches.HyperCafeAquanet and VIKI emphasise the idea of structuring knowledge and somehow lose theidea of navigation and multi-media. The HyperCafe project[Sawhney,Balcom,Smith’96]2 reincorporates both notions into the spatial hypertextresearch. HyperCafe is designed as a cinematic experience of hyper-linked videoscenes; the metaphor is that of a human visiting a cafe and picking parts of the storiestold by all the other visitors. While the users follow a story in the foreground of thevideo, the background shows characters telling other stories to each other. Users canselect those background characters to switch stories. So far, this is navigation in video,but the trick is that users can choose to run multiple foreground stories by arrangingseveral simultaneously running videos on the screen. Such spatial organisationproduces a whole new story, hence the classification as spatial hypermedia.Why is this experiment worth mentioning ? Remember that, according to ourdefinition, hypermedia is a "style" rather than a number of features and that style isabout freedom - about customisability. However, there is not so much freedom for"readers" of traditional hypermedia, as they can only follow the links provided by theauthors. HyperCafe shows an extra degree of freedom, where users can create storiesthat were not intended by the authors.Again we see that the differences between the two systems stem from the target applicationdomain. The Aquanet and VIKI design are based on the "WYSIWID" principle, which is anacronym for "What You See Is What I Did". The systems supports co-operation and thereason they want easy authoring is because they want to support discussion in little groups.HyperCafe maximises the customisability of individuals and there the emphasis is on thepresentation of information.

2This paper was rewarded with the first Douglas Engelbart award at the Hypertext’96 Conference [HT’96].

- 21 -ConclusionThe purpose of this section was to confront the reader with the important ideas that live (andlived) in the hypertext and hypermedia community. The section included a definition ofhypermedia as a combination of navigation and a style. Navigation is about browsing nonlinear information structures. Style emphasises on a feeling of freedom, in the sense thatusers must be able to customise the presentation of information in some way. The definitioncomes with some basic vocabulary (i.e. node, link and anchor).The important ideas were illustrated with an overview of existing hypermedia systems,roughly classified as pioneering, monolithic, miscellaneous, open, distributed and spatialsystems. The overview emphasised two threads important to the remainder of thedissertation: tailorability and the correct separation of concerns. The latter stresses the "getthe links out of the data" principle and was illustrated with the Dexter hypertext referencemodel. The former was motivated by the observation that each hypermedia is designed foranother application domain and was presented as a spectrum ranging from support forindividuals as opposed to groups and componentware as opposed to object-oriented softwareengineering.

- 22 -Open Hypermedia

While the previous section provides us with a general introduction of hypermedia, thissection discusses the particular subfield called open hypermedia systems. Open hypermediaresearch starts from the assumption that to provide real support for daily informationprocessing, hypermedia systems must integrate external applications to manipulateinformation. Several compelling issues pop up when dealing with this integrationrequirement.Open hypermedia research is quite an active subfield. Since 1989, the hypermediaconferences accepted several papers discussing approaches for open hypermedia and alreadythree workshops were organised to exchange ideas (i.e. the Konstanz workshop[A§falg’94]; the 1st Workshop on Open Hypermedia Systems [Wiil,flsterbye’94]; the 2ndWorkshop on Open Hypermedia Systems [Wiil,Demeyer’96]).As always within an active field of research, it is quite hard to give a precise definition. Herewe present different approaches, which should give a good overview of what researchersmean when speaking of open hypermedia systems. Several authors have attempted to definean open hypermedia system, but most definitions fall too short and are supplemented withrequirement lists. As such requirement lists tend to be vague and imprecise, there is agrowing tendency to write scenarios describing how these requirements fit into the usage ofan open hypermedia system for the daily work of a group of people performing a particulartask. Finally, we present the Flag taxonomy as a first attempt to classify open hypermediaapproaches rather than systems.Open Hypermedia Definition & RequirementsWe adopt the most recent definition of an open hypermedia system, as we agree that it givesa reasonable summary of current thinking."An open hypermedia system is a hypermedia system, where the term open implies thepossibility of importing new objects into a system. A truly open hypermedia system shouldbe open with regard to:1.Size: It should be possible to import new nodes, links, anchors and other hypermediaobjects without any limitation to the size of the objects or to the maximum number ofsuch objects that the system may contain, being imposed by the hypermedia system.2.Data Formats: The system should allow the import and use of any data format, includingtemporal media.3.Applications: The system should allow any application to access the link service in orderto participate in the hypermedia functionality.4.Data Models: The hypermedia system should not impose a single view of whatconstitutes a hypermedia data model, but should be configurable and extensible so thatnew hypermedia data models may be incorporated. It should thus be possible tointeroperate with external hypermedia systems, and to exchange data with externalsystems.5.Platforms: It should be possible to implement the system on multiple distributedplatforms.

- 23 -6.Users: The system must support multiple users, and allow each user to maintain theirown private view of the objects in the system." [Davis,Lewis,Rizk’96].We elaborate on the requirement list part of the definition by combining the followingsources3: the 7-issues research agendas [Halasz’87] and [Halasz’91]; the Boeing paper[Malcolm,Poltrock,Shuler’91], reiterated in [Poltrock’96]; a paper from the HB/SP series ofsystems [Legget,Schnase’94]; the preamble to the Konstanz Open Hypermedia WorkshopProceedings [A§falg’94]; papers from the Microcosm group [DavisEtAl’92] and[Hill,Hall’94]; a paper from the HyperTED project [Vanzyl’94]; a paper from theHyperdisco project [Wiil,Legget’96] and finally �the one that is part of our openhypermedia definition and serves as the backbone� the paper on the Open HypermediaProtocol [Davis,Lewis,Rizk’96].OHS-REQ 1) SizeIt should be possible to import new nodes, links, anchors and other hypermediaobjects without any limitation to the size of the objects or to the maximum number ofsuch objects that the system may contain, being imposed by the hypermedia system.The size issue covers two different aspects: the size of an individual object and thenumber of different objects in the system. The former is a typical problem whendealing with multi-media data. The latter is crucial when dealing with large scalehypermedia systems (i.e. Boeing speaks in the order of 1 million nodes and 10 millionlinks) or distributed systems (i.e. the world-wide web).This issue of size has some important implications. First of all, size implies thepossibility to access data residing outside the hypermedia system, since large objectsizes may prevent copying the data into the system. Secondly, size affects scalabilityand thus addressability. A system having unlimited capacity needs at least an unlimitedand scalable address space. Furthermore, as one cannot expect to know the sources ofexternal data in advance, the address space must be extensible.Storing information outside the hypermedia system challenges the design of thehypermedia system with respect to consistency. For example, one cannot ensure linkconsistency since data can be edited without informing the hypermedia system (this iscalled the editing problem). Link robustness demands for techniques and heuristics tofix corrupted link structures. Also, data residing outside the hypermedia systemimplies that the original data must remain unchanged (this is called document sanctity),since one cannot be sure to have write-access to the information (i.e. the data canreside on read-only media such as a CD-ROM). Document sanctity is another argumentfor the "get the links out of the data" principle [Davis’95].OHS-REQ 2) Data FormatsThe system should allow the import and use of any data format, including temporalmedia.This can be read as a multi-media requirement, although it covers issues like legacydata formats and encryption techniques as well. The requirement implies at least theability to launch another application that knows how to interpret the data format, sinceit is impossible to build a single hypermedia system that knows how to interpret allcurrent and future data formats. Standards (see OHS-REQ 4) make life easier ofcourse.An implication not immediately visible from this requirement (but follows fromcombining it with part of OHS-REQ 4, exchange data with external systems) is that a

3The original idea to combine open hypermedia requirement lists came from Helen Ashman in a draftpaper investigating how well the World-Wide Web performs on each of these requirements. As may besurprising at first, for many of the requirements the Web performs better than the proclaimed openhypermedia systems.

- 24 -hypermedia system should be able to deal with virtual data as well. Virtual data is notavailable from some persistent storage but is generated by some external device orprogram; typical examples are video conferencing, database queries and simulationtools. Note that both temporal and virtual data impose special problems on hypermediasystems, like how can one specify anchors inside temporal or virtual data.OHS-REQ 3) ApplicationsThe system should allow any application to access the link service in order toparticipate in the hypermedia functionality.No doubt this is a mandatory requirement for an open hypermedia system, raising theinteroperability issue (i.e. making applications work together without explicitknowledge of each other). Lots of techniques are available to extend "any" applicationto incorporate hypermedia functionality, among others described in the HB0/SP0 (orProxhy) paper ([Kacmar,Legget’91]), the Microcosm papers ([DavisEtAl’92],[Hall,Hill,Davis’93], [Davis,Knight,Hall’94]) and the HyperTED paper([Vanzyl’94]).This requirement states that an open hypermedia system should have a link protocol,accessible by any other application that wants to use it. This is the opposite of havingthe hypermedia system launch another application with a given set of data (as impliedby OHS-REQ 2).OHS-REQ 4) Data ModelsThe hypermedia system should not impose a single view of what constitutes ahypermedia data model, but should be configurable and extensible so that newhypermedia data models may be incorporated. It should thus be possible to interoperatewith external hypermedia systems, and to exchange data with external systems.Given the enormous variety of data models existing in the hypermedia field, thisrequirement is very hard to realise (conceive an open hypermedia system that is able todeal with the basic node-link model as well as a data model supporting spatialhypertexts). What makes it especially difficult is that lots of the information is formedby the "link" structure, so that an open hypermedia system must be able to incorporatedifferent link models. Hence the need for an extensible link engine, which is free tochoose the linking model that best suits the needs of the information structure itrepresents. Microcosm (with its generic links and filters) and DHM (with its locationand reference specifiers) provide building blocks for such an extensible link engine.A first related issue is that of standards: with a standard hypermedia reference modelone could exchange data with other hypermedia systems without having to writetranslators for all possible combinations. Note that [Legget,Schnase’94] reports that apossible disadvantage of standards is the loss of structure. As far as data formatsconcern, hypermedia can rely on existing standardisation efforts such as HyTime[Newcomb,Kipp,Newcomb’91]. For the communication aspects, the openhypermedia community is developing a standard communication protocol for linkservices [Davis,Lewis,Rizk’96].The second issue is that of extensibility, which brings us back to the style aspect in ourhypertext and hypermedia definition (p.08). As hypermedia style emphasises a feelingof freedom and a degree of customisability, extensibility plays a crucial role. This isnot a problem of the hypermedia field alone and there are lots of techniques availablethat can be applied in various combinations.¥Configuration tools: Special purpose extension tools, most of them with user-friendly graphical interfaces. Examples are the "Preferences" tools coming withmost of today’s desktop applications and the control panels in the Macintosh andWindows operating systems. In the hypermedia community, HyperCard is still themost prominent example of how configurable hypermedia software can be.

- 25 -¥Scripting languages & macro facilities: Programming languages aiming at skilledend users. Examples are HyperTalk (HyperCard’s scripting language) andVisualBasic (the scripting language coming with the Microsoft Office suite ofproducts).¥Dedicated programming languages: Full fledged programming language dedicatedto extend one type of systems. Examples: Shell languages for operating systems;SQL; Java [Java’95]; MC2000 [Rizk,Sauter’92].¥General purpose programming languages: A full fledged programming languageused for other purposes than extending a particular system. Example: Lisp inAutoCAD and GNU Emacs; Scheme in Hyperform [Wiil,Legget’92].¥Object-oriented frameworks: A reusable design for a specific problem domainimplemented in some object-oriented medium and extended by plugging newobjects. Example: Intermedia [Meyrowitz’86] and DHM [Gr¿nbaek,Trigg’94].¥Open Implementation: A computational system with the ability to manipulate itsown computations. Examples: Silica [Rao’91]; ApplFLab [SteyaertEtAl’94] &[SteyaertEtAl’95].¥Extensible data models: Systems with a data model that can easily be extended forcertain purposes. Examples: filters in Microcosm [DavisEtAl’92]; hyperdocumentsin [DeBra,Houben,Kornatzky’92].OHS-REQ 5) PlatformsIt should be possible to implement the system on multiple distributed platforms.Depending on the scale of distribution, systems must incorporate a range of techniquesto ensure fast response times (i.e. data caching, prefetching). To produce adequateresults the system must gather knowledge about often followed navigation trails, usagepatterns, ....Also, distributed hypermedia systems raise the document sanctity issue and the editingproblem (see OHS-REQ 1). Yet, the scope of possible solutions is completely differentas consistency seems to be less crucial in large scale distributed systems such as theworld-wide web. One may adopt some local consistency scheme complemented withperiodic "garbage collection".Supporting multiple platforms raises the issue of portability across different soft- andhardware platforms, an issue that overlaps with the data formats (OHS-REQ 2),applications (OHS-REQ 3) and data models (OHS-REQ 4) requirements. Indeed, thereis a multitude of data formats, applications and data models and the choosing the bestdepends upon the intended soft- and hardware platform. One way to deal withportability across different soft- and hardware platforms is to incorporate some form ofprotocol negotiation, where part of the communication between modules is aboutchoosing the optimal configuration.OHS-REQ 6) UsersThe system must support multiple users, and allow each user to maintain their ownprivate view of the objects in the system.Hypermedia has always played the role of enabling technology for computer supportedco-operative work. This requirement handles two aspects related to this role: one ofinformation sharing and one of information perspectives.If multiple users work with the same hypermedia structure, then the hypermediasystem must control access to the shared data. Authority control is the process thatverifies whether a user is allowed to read or modify data. Generally, an openhypermedia system should not have an artificial distinction between authors (allowedto modify) and readers (read only access), such as imposed by systems having aseparate authoring environment. Concurrency control deals with the problems ofsimultaneous access to the same data element and is essentially based on locking

- 26 -(restrict access temporarily to ensure safe data transfer) and notification (warn the otherusers working with a data element that something has happened).An important aspect of co-operative work is the ability to create private work spaces.In a hypermedia context this means that (a subgroup of) users must be able to build apersonal substructure inside the global hypermedia structure. This is again a plea forthe "get the links out of the data" principle, since a shared node may participate indifferent link structures. This aspect interferes heavily with the linking modelssupported in the hypermedia structure.Closely related is the issue of version control (the ability to have several variants of thesame data element and/or structure). Many hypermedia researchers agree thatversioning is important, yet few systems provide version control and few users seemto complain4.The above requirement list makes it very clear that incorporating hypermedia functionalityinto the everyday working environment involves more than providing link services to thirdparty applications. The closer examination of the items in the list reveals that openhypermedia systems cover themes like interoperability (1-3), extensibility (4) anddistribution (5-6), which are central themes in the design of all kinds of open systems �operating systems (i.e. UNIX and OS/2), databases (Exodus and CORBA), inter applicationcommunication (OLE, OpenDoc), tailorable software (i.e. Emacs and AutoCAD),programming languages (Smalltalk and CLOS). By adopting this requirement list as thedefinition for an open hypermedia system, we see that open hypermedia systems are quiterepresentative for the domain of open systems. Which makes open hypermedia systems anexcellent choice for experimenting with techniques to build open systems, a central cornerstone in our argumentation.Open Hypermedia ScenariosFrom its conception (among others in [Yankelovich,Meyrowitz,VanDam’85]), openhypermedia research was aiming to get hypermedia functionality out of the hypermediasystems and into the every day environments people use for working with information. Withthe "Industrial Strength Hypermedia: Requirements for a Large Engineering Enterprise"[Malcolm,Poltrock,Shuler’91] paper, the hypermedia community finally distilled arequirement list out of the working practices of engineers participating in the design andmanufacturing process of airplanes. The paper is a milestone in hypermedia research because(quoting Frank Halasz [Halasz’91]) "a user-centered technology like hypermedia needs usersto drive the research". As the authors of the paper were all associated with Boeing �world’slargest producer of commercial airplanes and one of the biggest employers in the US� thiscould count as a user community.Another reason why the paper is so appealing, is because it contains a scenario illustratinghow the requirement list fits into the everyday working practice of an engineering team. Thescenario described how a new team member could learn about a project (navigating throughthe project notebook), exchange information with other team members (e-mail and teleconferencing), and contribute to the project’s goals (preparing reliability analysis) all withinan environment seamlessly integrating all the different tools applied by engineers in their dayto day work. The open hypermedia community has picked up this scenario idea: itreappeared in [Gr¿nbaekEtAl.’94], [Legget,Schnase’94] and [Davis,Knight,Hall’94] and tosome degree in (the presentation accompanying) [Vanzyl’94]. Moreover, the 2nd Workshopon Open Hypermedia Systems [Wiil,Demeyer’96] decided to set-up a web-site collecting andexchanging scenarios for open hypermedia usage (see http://www.csdl.tamu.edu/ohs/).

4Version control is not part of the Boeing requirement lists [Malcolm,Poltrock,Shuler’91] and[Poltrock’96].

- 27 -The Flag Taxonomy of Open Hypermedia SystemsAlthough the open hypermedia definition gives a good summary of current thinking, it is toorequirement oriented and thus too long. Moreover, it is too strong, since none of the existingopen hypermedia systems meet all of the listed requirements. The Flag taxonomy[flsterbye,Wiil’96]5 takes a completely different angle by making an attempt to capture theessence of an open hypermedia system and use them to classify open hypermedia systems.The Flag taxonomy started of as a "written before the facts" conclusion for the first openhypermedia workshop [Wiil,flsterbye’94]. The workshop organisers prepared a set of slideswith a number of diagrams showing many of the design trade-offs involved in theconstruction of an open hypermedia system. These diagrams were discussed during theworkshop and although the preformulated conclusion proved incorrect, it served as anadequate framework for discussing open hypermedia systems. As, the workshop proclaimedthe need for an open hypermedia reference model �i.e. much like the Dexter model was forthe generation of monolithic hypermedia systems� these diagrams were seen as a goodstarting point. The flag taxonomy is actually a mixture of those concluding slides with someof the ideas of the Dexter model.If one looks at the layered architecture of the Dexter model (see left hand side of figure 4)from an open hypermedia perspective, an important difficulty is revealed: the within-component layer is separated from the run-time layer by means of a storage layer. This is atypical symptom for monolithic systems, where a hypermedia system somehow constrainsthe possible contents of nodes to be presented in the run-time layer, because these node-contents must be stored inside the hypermedia system. However, this disregards afundamental principle of open hypermedia systems where viewer applications need to storethe node contents outside the hypermedia system. So, the Dexter architecture actuallyviolates requirements 1-3 of the open hypermedia definition. To cope with this difficulty onecan adapt the Dexter model and pull together the within-component layer and run-time layer.Doing so results in the "Dexter-pie" depicted in the right hand side of figure 4.Run-time LayerStorage LayerWithin-Component Layera)b)

StorageLayerRun-timeLayerWithin-ComponentLayer

Figure 4: Layered Dexter Architecture (a) versus the Dexter Pie (b)Remember that there is another important principle in the design of (open) hypermediasystems, which is the "get the links out of the data". In the Dexter model, this principle iscaptured in the protocols between the layers and this is inherited by the Dexter pie. The flag6taxonomy goes one step further, as it captures those two essential separations of concernsfor an open hypermedia system by performing one additional cut (see figure 5). Thehorizontal cut separates contents from structure (i.e. data from links) while the vertical cutseparates storage from run-time. This results in four functional modules, which the authorsnamed storage manager, viewer, data model manager and session manager. Also there arefour protocols between functional modules. Note that the protocol of prime interest in open

5This paper was one of the nominees for the first Douglas Engelbart award at the Hypertext’96Conference [HT’96].6A glance at Figure 4 combined with the Danish nationality of the authors reveals the inspiration for thename.

- 28 -hypermedia research is the linking protocol between the viewer and the session manager (see[Davis,Lewis,Rizk’96]).StorageManagerData modelManagerViewerSessionManagerStorageRun-timeContentsStructure

Figure 5: The Flag TaxonomyWhat makes the flag taxonomy so appealing is that one can move the different configurationsof the four functional modules and protocols and that most (if not all) configurations can beassigned a meaningful semantics corresponding with real systems. So the flag taxonomyenables a rough classification of hypermedia systems.Such is depicted in figure 6, where a white region represents a unit in the hypermedia systemthat is a union of one or more functional modules in the flag. A greyed region stands forsome protocol that exist between two modules and is accessible from outside. A black regionrepresents a boundary between modules where no communication is allowed.

MonolithicHyperCardEmbedded LinkWorld-Wide WebLink ServerMicrocosmOpen HyperbaseDHMFigure 6: Some Meaningful Configurations for the FlagA monolithic hypermedia system is a system where outside the hypermedia system onecannot distinguish the four functional modules (i.e. HyperCard) and is represented as a solidwhite rectangle. Embedded link systems like the plain vanilla world-wide web make adistinction between storage (i.e. a HTTP server) and run-time presentation (i.e. any webbrowser) but mixes structure with contents. Hence the vertical protocol between storage andrun-time. A link server like Microcosm enforces third party applications to store and presenttheir own data and as far as the hypermedia system concerns, there is no distinction betweenthe storage and representation of data. However, third party applications can freely accessthe link services (horizontal grey protocol) using the linking protocol. Microcosm providespartial control over the storage and retrieval of links via the filter concept (vertical greyprotocol) but this is not directly accessible for third party applications (horizontal blackprotocol). Open hyperbases have an extra service over link servers by offering viewerapplications the possibility to store their data inside or outside the hypermedia system (thediagonal grey protocol).The flag taxonomy can be used to separate open hypermedia systems from other hypermediasystems. The link server and open hyperbases are considered open hypermedia systems, asthey do not impose a special data model on the viewer applications. The embedded linkapproach is not considered open, as viewer applications must adhere to the structure andcontents format. According to the flag model, to be an open hypermedia system, thereshould exist a linking protocol between the session manager and viewer application. Note

- 29 -that the flag taxonomy represents the hypermedia system developer’s point of view, which isopposed to the software system developer’s point of view. In the latter, all systems with atleast one protocol are open.Although the flag taxonomy captures the essence of open hypermedia systems (i.e.separating storage from presentation and structure from contents) in an appealing metaphor,some important issues are not covered in the taxonomy. Only half of the requirements of theopen hypermedia system definition are covered in the flag taxonomy; that is requirements 1to 4 (size, data formats, applications) but not requirements 4 to 6 (data models, platformsand users). So the flag taxonomy covers only the three requirements that deal withinteroperability, but not the ones that are about extensibility and distribution. However, oneof the factors for adopting the requirement list was precisely that it covered the three mainthemes found in all open systems � interoperability, extensibility and distribution. So, weaccept the design guidelines forwarded by the flag taxonomy (i.e. separate storage frompresentation, separate contents from structure) but to study open hypermedia systems as arepresentative for other kinds of open systems, we need a more generic model. This moregeneric model is presented in the next section under the name of the Zypher perspective.ConclusionOpen hypermedia is an active research area, so it is difficult to provide a precise picture ofthe field. To cope with this problem, we have presented three perspectives common in thefield today.The first perspective is presented as a scenario of an imaginary system for supporting theworking practices of engineers participating in the design and manufacturing process ofairplanes. The second �closely related� perspective is presented as a definition and anextensive requirement list. We have examined the items in the list, have sketched a numberof issues and have pointed at common themes. An important observation for the remainderof the dissertation was that the requirement list covered important themes relevant in otherkinds of open systems � i.e., interoperability, extensibility and distribution. This showsthat open hypermedia is an excellent choice for experimenting with techniques to build opensystems. The third perspective is presented as a taxonomy, which is a first attempt tosummarise the important design principles for open hypermedia systems. The taxonomyforwards two essential separation of concerns in the design of open hypermedia systems,i.e. contents from structure and presentation from storage.

- 30 -The Zypher Perspective

This section introduces our personal perspective on open hypermedia systems. We presentthis perspective because we feel that what is currently available lacks some important aspectson open hypermedia systems.Reviewing our hypertext & hypermedia definition (p.08), we notice the importance of theword "style", which is about freedom, about customisability. Also, the open hypermediadefinition (p.22) regards openness as the ability to incorporate new objects into as system,which is about adaptability. Although, style and adaptability are implicitly part of therequirement lists and scenarios, we want to make them an explicit element of our perspectivesince we want to focus on techniques to construct customisable and adaptable systems.Therefore, we present tailorability as a characteristic that encompasses both style andadaptability.With respect to the flag taxonomy, we see the Zypher perspective as "another side of thecoin". There are two arguments sustaining the position that the other side of this coin isindeed important. First of all, there is the way the flag taxonomy deals with the world-wideweb. According to the flag taxonomy (see figure 6), the world-wide web is not an openhypermedia system because it violates the "get the links out of the data" principle. This maybe true from a hypermedia system developer’s point of view, but with its extensiblearchitecture system developers would certainly classify it open. Secondly, there’s is the waythe flag taxonomy differentiates between Microcosm and DHM. Looking at figure 6, the flagtaxonomy focuses on the way open hypermedia systems like Microcosm and DHM deal withthe storage of documents. DHM provides hyperbase services, i.e. it allows third partyapplications to store the contents of the documents inside the DHM database, whileMicrocosm does not. We agree that this is an important difference, yet we see the differencebetween the componentware and framework approach (see "The Open Hypermedia Systems� DHM and Microcosm]" - p.15) at least as important. This difference is not covered in theflag taxonomy and yet it is important, also from a hypermedia system developer’s point ofview.We propose tailorability as an encompassing view on openness. That is, we see tailorabilityas a way to achieve the kind of customisability needed to accomplish a true hypermedia style,but also as a way to capture the extensibility of the world-wide web, Microcosm or DHM.More importantly, we propose tailorability as a way to achieve openness in all kinds of opensystems, such as operating systems, databases, inter application communication, tailorablesoftware and programming languages. To support such an encompassing view, we need tobe more precise on what is meant by the term tailorability. We define tailorability based onthe notion of a design space as a generic abstraction of all kinds of open systems and identifythree levels of tailorability afterwards.The Zypher Design SpaceSummarising the section on "hypertext & hypermedia" (p.07), we define a hypermediasystem as a unique combination of navigation, storage and presentation technology. Thissummary is named the Zypher design space and it is shown in the left hand side of figure 7.The Zypher design space has three dimensions, known as the storage axis (enumerating all

- 31 -possible information repositories), the presentation axis (enumerating all possible viewerapplications) and the navigation axis (enumerating all techniques to specify navigationrelationships). A particular hypermedia system is then a relation (in the mathematical sense ofthe word) between points on these three axes and is represented by a 3-dimensional volumein the design space; for the sake of simplicity we represent such a volume as a cube. Asannounced earlier, an open hypermedia system is then a tailorable volume in that designspace (see the right hand side of figure 7).PresentationNavigationStorage a) any hypermedia systemb) an open hypermedia systemFigure 7: The Zypher Design SpaceA very important remark is the choice of these axes is left open: the remainder of theargumentation is completely independent of the precise number and semantics of the axes.For our experiments we found those three valuable and we motivate their existence in thesecond part of this dissertation (see interoperability - p.78; navigation - p.86). However, adesigner of an open hypermedia system �or any other open system for that matter� isallowed to change the axis system freely. The independence of the number and semantics ofaxes in the system is crucially important, as it is this aspect that allows us to generaliseZypher design space to any kind of other system. We come back on this issue whendiscussing the Zypher contribution (p.63).Three Tailorability LevelsWhat is tailorability ? To a large degree, this question was answered during the discussion ofthe extensibility issue in the data model requirement (see OHS-REQ 4), where we list anumber of techniques that can be used to adapt a hypermedia system (configuration tools,scripting languages & macro facilities, dedicated programming languages, general purposeprogramming languages, object-oriented frameworks, open implementations, extensible datamodels). This answer is not a satisfying one, as it emphasises on the techniques.We propose a more analytical approach by presenting three levels of tailorability. Each levelof tailorability is defined using the axes system of the Zypher design space in figure 7. Notethe important property that the definition of the three levels of tailorability is independent ofthe type and numbers of axes in the design space.Domain Level TailorabilityDomain level tailorability is the kind of tailorability needed to deliver a hypermediasystem for a specific application domain. Typical usage of domain level tailorability inhypermedia systems would involve the incorporation of new data formats, extrainformation presentation methods or supplementary types of navigation techniques.Domain level tailorability corresponds with the addition of extra points (or themodification of existing points) on the axes of the Zypher design space.System Level TailorabilitySystem level tailorability aims to deliver services that affect the global behaviour of thehypermedia system. Examples are concurrency control (i.e. manage concurrent access

- 32 -to shared data), logging (i.e. maintaining a log of navigation activities to providebacktracking features), caching (predict future behaviour on the basis of registeredactivities), authority control (check whether the user of the system has the privileges tosee or modify information) and integrity control (control operations to preserve theconsistency of the system’s data structures). All these examples have in common thatthey change the behaviour of several modules in the system in a uniform way. Systemlevel tailorability corresponds with wrapping uniform behaviour around differentpoints residing on an axis of the Zypher design space.Configuration Level TailorabilityConfiguration level tailorability aims to provide a ’plug and play’ hypermedia system,where the coordination between the system modules is adapted without changing theirinternal implementation. Typical usage of configuration level tailorability is to make thesystem run-time extensible. For instance, the table of helper applications in mostworld-wide web browsers, where users can associate a viewer application with a givendocument type is about the configuration between the storage and presentation axis.The Java approach [Java’95] is another example, where world-wide web browsersload system modules for handling unknown document formats. The final example isprotocol negotiation, where system modules communicate to choose the optimalprotocol for exchanging data; protocol negotiation is valuable in cross-platformcommunication. Configuration level tailorability corresponds with changing therelationship (in the mathematical sense of the word) between the points on the axes inthe Zypher design space.The Puppet Master MetaphorThese three levels of tailorability play a crucial role in this dissertation. To make sure thereader recognises the differences and associates them with the appropriate level, we havedevised the so-called puppet master metaphor. From this metaphor we have inferred threeicons that are repeated throughout the text as little memory aids. The metaphor is based onthe analogy between adapting a software system to a changing environment and adaptingpuppets to a new puppet play.When preparing a story, the puppet master conceives a numberof puppets playing different characters. Archetypal puppetcharacters are the harlequin and the pierrot, where the formerwears a costume with much coloured patchwork and a smilingface and the latter is dressed in white and holds a tear under theeye. To distinguish these characters the puppet master paints theHowever, for certain kinds of stories, some puppets requireexample of a story that has a sword fighting scene. Pasting asword onto the hands of an existing puppet is not enough, sincea realistic fighting scene requires the ability to control themovements of the sword as well. Such a scene demands for anpuppet. Some puppets need limbs that can be moved around freely, while otherpuppets require them to go in opposite directions. One must adapt the wooden cross

- 33 -not supposed to know how the puppet is manipulated to produce the desired scenes in theplay. However, just like the audience can influence the play by applauding and shouting,users can influence the behaviour of the system by setting preferences. The puppet master(i.e. the software engineer) then applies the tools on the appropriate level of tailorability toAppropriateness of the Three Tailorability Levelsquestion that follows is how far these tailorability levels correspond with existing openhypermedia research ? To answer that question, we contrast two representative openhypermedia systems (Microcosm representing the componentware approach and DHMrepresenting the framework approach) on each level and refer to the open hypermediaAll open hypermedia systems satisfying the "size", "data formats" and "applications"requirements (see OHS-REQ 1, OHS-REQ 2 and OHS-REQ 3) are domain leveltailorable, because satisfying these requirement boils down to lengthening the storagetowards the domain of co-operative engineering (see [Gr¿nbaekEtAl.’94]) byincorporating different viewer applications demanded by the engineers. Microcosmarchives (see [FountainEtAl’90]). While discussing OHS-REQ 4 we have advocatedthe idea of an extensible link engine, which is essentially a stretching out of thenavigation axis. Microcosm provides the generic link and filter concepts (see[Hill,Hall’94]) and DHM provides the notions of a location specifier and a referencespecifier (see [Gr¿nbaek,Trigg’96]).Yet, we classify Microcosm more domain level tailorable than DHM, becausehypermedia designer would spend a comparable effort extending the viewerneed for system level tailorability becomes apparent. To implement the concurrencycontrol required in such settings, one needs to incorporate special locking ornotification strategies. DHM relies on database technology and object-oriented.Microcosm �although extended for a distributed setting (see [Hill,Hall’94])� doesnot support different collaborative settings because there is no easy way to wrapThis is largely due to the componentware approach taken by Microcosm, where it isall modules with similar behaviour. In DHM it is more easy to incorporate uniformlocking or notification behaviour because there one can rely on object-oriented

7took a similar �yet more flexible� approach by permitting dynamic subclassing of locking andnotification classes.

- 34 -The same argumentation can be repeated for other system uniform behaviour such asa componentware approach this is more difficult since there is no way to change theDHM relies on object-oriented framework technology to support systemreconfiguration. The hypermedia system designer has to provide some specialisedclasses and register them into the framework’s session managerthe appropriate moment. Microcosm trusts on its extensible free-format messagepassing protocol to achieve reconfiguration [Davis,Knight,Hall’94]. The Microcosmlink service passes a message to all appropriate modules which have to decide forThe difference we observe here is a difference between a centralised versus adecentralised approach. Frameworks in general, always have a tendency to centralisethe system configuration making it easier to reuse a system configuration acrossdifferent framework incarnations (see the discussion on object factories - p.54).approaches have their advantages and disadvantages and the one approach can not beWe conclude that the three levels of tailorability are appropriate for classifying openthe componentware approach (represented by Microcosm) and the framework approachbetween both approaches. Componentware is just about making it easy to tailor onecomponent (i.e., one point on a design axis) so is always more domain level tailorable. Onthe other hand, the framework approach emphasises on reusing the same solution over aThere is one concluding remark to make on the appropriateness of the three levels ofissues in the requirement list and thus the three central themes of open systems �

- 35 -A Framework Browser ScenarioAbove we presented the Zypher design space and the three tailorability levels, which formthe viewpoint that has been driving our experiments. To measure the strength of ouran open hypermedia usage scenario. The structure of our scenario comes from the samplepublished on the world-wide web at http://www.csdl.tamu.edu/ohs/; although we removedhypermedia system and that has been partially realised in the many experiments weThe scenario draws upon our experiences developing a Group Decision Support System(GDSS) [Kenis’95]. GDSS research is part of the larger computer supported co-operativequality of group decisions. The emphasis of this research is on finding suitablecommunication structures that ameliorate the knowledge transfer between the participants,¥¥¥¥kind of engineering process than the Boeing counterpart presented in[Malcolm,Poltrock,Shuler’91]. We do not claim that this scenario represents the bestaspects of the framework development process that should be supported by an imaginaryframework browser. However, we are confident that the scenario represents a valuableapproach towards software engineering and we use citations from [Goldberg,Rubin’95] toThe reader should be aware that object-oriented frameworks play several roles in thisscenario. First, frameworks are the application domain for which we describe an imaginaryopen hypermedia system. In this sense, the term "framework" denotes all possibleframeworks that a group of software engineers might conceive and it is represented by theGDSS framework in this scenario. Second, the scenario is about an integrated set of toolsan imaginary open hypermedia system with three levels of tailorability. In this sense, thebrowser in this scenario. Finally, the scenario illustrates the contributions of the Zypherexperiments, which is a concrete incarnation of the above "framework browser"implemented using framework and open hypermedia technology. In this sense, the term"framework" denotes one particular framework providing a reusable design for the domainEspecially when giving examples and discussing our experiments, it is hard to distinguishbetween those three roles, because in our experiments all roles are played by one and thesame Zypher framework. Note that the Zypher framework has been implemented in theVisualWorks/Smalltalk environment and that the Zypher framework browser incorporatesmost of the programming tools that come with this environment, such as the systembrowser, class browser and method list browser. We refer to [Goldberg’84] for more

- 36 -Scene 1: User Interface PrototypeDirk is a sociologist and has been involved as a consultant in several projects supporting decision making in policy problems. Dirk applies a methodology based on the Delphi members by surface mail. Between each cycle, Dirk analyses the answers, rewrites the year to produce the final report and Dirk would like to speed it using computers. To illustrate his vision, Dirk uses HyperCard as a user interface prototyping tool. He authors cards for all the screens he believes are necessary in such a GDSS and links them together

Make the end user an insider. Successful teams enrol the end user as an insider, anactive member of the product team." ([Goldberg,Rubin’95], p.294)This scene stresses the importance of end user participation, already in the very earlystages of software design. The scene shows that a framework developmentof their system. HyperCard represents the level of end user programming required inDirk is the only character in this scene, playing the role of a requirements provider,aggressive tester and enthusiastic supporter ([Goldberg,Rubin’95], p.305). Dirk is aheavy user of all kinds of desktop publishing programs and is able to use suchprograms to express his ideas. He claims he does not know anything about writingprograms, but he has experience with scripting languages and macro facilities thatexpertise to program in full-fledged object-oriented software developmentenvironments, a componentware programming environment (like HyperCard) shouldbe integrated with the framework browser. However, to achieve maximum effect, thecomponents offered in the end user environment should correspond with concepts inthe application domain. In our scenario, the prototyping environment should includeThe Zypher experiments do not support the above requirement. However, we wereactively engaged in the ApplFLab project, investigating how one could make userinterface builders incrementally refinable ([SteyaertEtAl’94], [SteyaertEtAl’95]). Thisresearch starts from the assumption that user interface builders are essential tools forlacks a way of incorporating new user interface components. The ApplFLabenvironment can extend its set of user interface components using a special purpose

- 37 -Scene 2: Analysis and Design it into a working software system. He pays a visit to Patrick, a member of the computer object-oriented frameworks and he convinces Dirk to build a GDSS framework. Dirk fancies this idea, because he wants to try the future GDSS in both synchronous-proximate

(i.e. all participants are working in the same room at the same time) and asynchronousdistributed (i.e. the participants are connected by a WAN-network and participate at where he has no experience with. He decides that a "design by wandering around" method when building the user interface prototype. Patrick finally writes a set of analysis and design documents using his favourite tools (i.e. the Microsoft Word editor and a public domain OMT editor). Patrick uses an open hypermedia system to create numerous hypermedia links representing relationships between the OMT-diagrams and the analysis

Tools. [�] Much of the effort involved in analysis and design involves handlinginformation with complex interdependencies that have to be created and maintainedaspect of a (analysis and design) method." ([Goldberg,Rubin’95], p.346)This scene illustrates that framework development is more than writing an object-oriented program and that a framework browser should support other related tasks asand their favourite specialised tools, so that a framework browser must delegatePatrick enters the scenario. Patrick is the framework designer ([Goldberg,Rubin’95],used to form GDSS applications. In this scene, Patrick designs an initial set ofTo support the wide range of tasks involved in framework development, theexample applications are quite different with respect to ease of integration. Microsoft(i.e. DDE and OLE) and is highly tailorable (i.e. the VisualBasic scripting language)and thus well suited for integration with the framework browser. The public domainOMT editor stands for all other applications lacking such facilities. With the growingsupport of operating systems, one can expect that more and more applications willadhere to interoperability standards, yet legacy applications will always be around.Techniques to deal with such legacy applications (i.e. like the "universal viewer"[Davis,Knight,Hall’94]) are essential.

- 38 -We have integrated Microsoft Word as a third party document viewer. We used themacro facilities in Microsoft Word to accommodate for the necessary glue andimplemented the inter application communication with DDE (Dynamic DocumentThe object-oriented implementation of the Zypher framework, makes it fairly easy toreuse the solution to communicate with other applications supporting DDE. OtherHowever, the glue code in Microsoft Word is tedious to write, large in volume andthe incorporation of external application and this need is even stronger as far asScene 3: ImplementationPatrick starts implementing a series of prototypes. As his knowledge of the GDSS domain grows, he sees that some of the assumptions in the analysis and design documents are

To convince Dirk of the progress of the project, Patrick asks Koen to join the team and to develop a really attractive user interface based on the HyperCard prototype. The two of them form a real team now, working on the same artefact and need to synchronise their and implementation. For instance, Patrick carefully designed that part of the GDSS framework that exchanges messages between participants, as this part must vary when building a GDSS-system for a synchronous-proximate or an asynchronous-distributed setting. Patrick included a link from the section in the design document to the places in the code of his prototype that implements this design. However, Koen has code in his include Koen’s code as well. In fact, Patrick wants his link to include all current and future code that implements his design; he needs some kind of "smart" links that establish the navigation relationships dynamically based on specific knowledge about the framework

The second problem has to do with simultaneous access to shared data and what is called

"tele-presence". Sometimes Patrick is editing the analysis and design documentation while

Koen is reading it, so Koen and Patrick need to be aware that they are simultaneously working with the same document. The viewers on Patrick’s and Koen’s machines must show the document in a special colour to illustrate they work in a simultaneous access mode, and each time Patrick saves the document Koen must see the latest version. Of course, this schema must work with all applications used to view and edit parts of the

Framework Goal. Set up a development environment for all team members thatThis scene portrays that incremental development and teamwork implies facilities forconsistency maintenance and integrity control. Professional software development

- 39 -Koen comes on stage now, playing the role of an implementor in an applicationproduction team ([Goldberg,Rubin’95], p.282), specialised in user interface design.Koen stands for other characters with other specialisation’s (i.e. databases, networks,statistics) as well. The point we want to make is that framework development isTraditional hypermedia systems use static point-to-point links to structure navigationrelationships, which means that the author of a hypermedia system must maintain theconnections between the sources and targets of the links manually. However, inenvironments where those relationships change often, static links become aof smart links that use knowledge about the information to infer relationships. In thescene, Patrick would create a ’smart link’ that uses internal data structures of the A framework browser should be able to incorporate smart links incorporatingknowledge from inside the implementation environment (OHS-REQ 4: DataTo implement tele-presence, the system must ensure integrity between differentviewers, simultaneously manipulating the same data. This implies that the framework A framework browser should be able to trap important events and notify otherZypher is equipped with a fully extensible link engine (see "resolver" - p.94) and wehave plugged in algorithms for ’smart links’ between analysis and designdocumentation on the one hand and the implementation on the other hand. Analysisand design documents may include HTML style anchors with a special "browse:"keyword. This keyword identifies a smart link referring to an element of the"class X" (to open a class browser on the class X), "class X method Y" (to open amethod browser on the method Y in class X), "sendersOf X" (to browse all methodsthe message X).Zypher does not include any facilities for concurrent users, so we could not yetdemonstrate tele-presence. However, using the meta-object protocol we can trap allopen, close and change events (see "meta-objects" - p.116) and we implemented alayered event passing mechanism on top of it (see "events" - p.107). Using thismechanism, we have been able to synchronise two home cooked viewers (i.e. HTMLand text) that are completely unaware of each other. When we save a HTMLrepresentation in a certain text file using the simple text viewer, the HTML viewerhave been used to synchronise the contents of two third party applications running onthe same machine (i.e. the Notepad and Microsoft Word) viewing the same file.would be feasible as well: besides the obvious need for a high level communication 8 - 40 -channel between the two machines, it would involve an extension of the meta-objectScene 4: Reuse Library two GDSS’s; one for a synchronous-proximate setting and one for an asynchronousdistributed setting. Dirk is now testing the software with a number of groups and is quite pleased with how it works.

Patrick and Koen actually build a reusable design for the GDSS domain. However, there over all the analysis, design and implementation to Roel, who is responsible for the identification of reusable assets and for storing them in the computer science department

Roel studies the received material and via discussions with Patrick and Koen he identifies those parts of the analysis, design and implementation that may be reused in other frameworks. For each reusable asset, he writes a design pattern, including an analysis section (based on some ideas in the original analysis), a contract section (based on the original design) and an implementation section (including references to the original

Roel is now ready to store the new design patterns in the library. As far as the design pattern document concerns, this is not so difficult: he relies on the multitude of HTML converters available. The references to the implementation impose a special problem however. The tools supplied with typical programming environments provide a narrow, class-oriented perspectives on class- and object structures. Design patterns are usually spread over several classes and only a few methods matter to understand one particular design pattern. Roel concludes that the tools provided with the programming environment are not suited as viewers for the implementation of design patterns. Roel decides to build special purpose viewers himself, using the tools provided by the open hypermedia system

The design pattern library gets larger and larger, and Roel encounters consistency combination with others. However, it is quite difficult to manage links between design patterns that are known to be working together. Roel decides to use the extensible link engine of the open hypermedia system to plug in special algorithms that help in managing the consistency of the library. The idea is that if design patterns work together, the implementations of both design patterns will overlap to some extent. Roel extends the hypermedia system so that when a new design pattern is added, its contents is scanned for

This database is used to infer relationships between design patterns that use the same

Framework Goal. Set up a structure in which to plan and manage the process of"([Goldberg,Rubin’95], p.223)set up. There again �certainly with the advent of the world-wide web� an openRoel is the so-called reuse librarian ([Goldberg,Rubin’95], p.500), responsible forcertifying, classifying, and storing new reusable assets in the corporate or project

- 41 -library. Much of the reuse assets in the library are based on the design patternBeing able to call upon services of third party applications to view information is oneof the selling arguments for an open hypermedia system. Yet, third party viewerapplications are not always able to show the desired information, partly because thisbuild its own viewer applications easily, probably based on some kind of A framework browser needs powerful, easy-to-use programmable tools forThe world-wide web is reaching the status of a universal exchange medium. An open A framework browser must be able to exchange information over the world-wide A framework browser should be able to incorporate smart links to supportform new code browsers. We plan to integrate these components with the ApplFLabenvironment to attain a componentware approach (i.e. similar to [Wuyts’95]). UsingVisualWave (a Smalltalk tool for generating HTML forms out of Smalltalk windowTo support the consistency maintenance of the design pattern library, we haveextended Zypher’s link engine to incorporate knowledge about design patterns. Whenmessages participating in the corresponding framework contract. All these messagesare stored in a special database and Zypher’s link engine queries this database toWe have presented our perspective on open hypermedia, which forwards tailorability as andistinctive property of open hypermedia systems, encompassing both the style andA design space represents a range of systems in an n-dimensional axes system, where eachaxis represents a fundamental characteristic present in all systems but differs depending onthe exact system one is considering. We propose three axes to model a hypermedia designspace: a storage axis enumerating all possible information repositories, a presentation axisidentify domain level tailorability which corresponds with the addition of extra points to an

- 42 -points on one axis; and configuration level tailorability, which corresponds with changingany kind of open system. This follows from the observation that the three levels oftailorability cover the important themes in open systems: interoperability, extensibility andsystems by contrasting two representative systems Microcosm (representing thecomponentware approach) and DHM (representing the framework approach). We haveWe have illustrated the value of the proposed perspective with a scenario of a frameworkbrowser. A framework browser is defined as an integrated set of tools that support thedevelopment of object-oriented frameworks, and we have used the framework browserscenario to relate the three levels of tailorability with the requirement list part of the openthe Zypher open hypermedia system and that has been partially realised in the manyexperiments we conducted. Nevertheless, the full completion of this vision has yet to be

- 43 -

CHAPTER 2Object-Oriented SoftwareObject-oriented programming �with its improved programming productivity, enhanced

- 44 -Incremental Development

What is Software Engineering ?systems built in any other engineering discipline because their inherent complexity, non-conformity, changeability and invisibility. Software engineering is the discipline thatincremental development, is generally regarded as one way to cope with the inherentdifficulties. Rather than regarding a software system as a static device that can not beflexible LEGO construction. This way, running software systems can be easily adapted toObject-oriented software engineering is the subfield of software engineering that has takenWhat is Object-Oriented ?It is quite conventional to answer the question "What is Object-Oriented ?" in a bottom-upmanner, explaining basic object-oriented concepts (i.e. objects, messages, classes,inheritance and composition) and how they fit together. The problem with bottom-upanswers is that they depend heavily on the subject the question is referring to. For example,the answer to the question "What is an object-oriented programming language ?" is quitedifferent from the answer to the question "What is an object-oriented user-interface ?" (or aWith the enormous amount of material that has been published on object-oriented softwareengineering, we assume the reader is familiar with the subject. So we tackle the questionbe object-oriented ?". Answering the reformulated question leads almost naturally theSo what does it mean to be object-oriented ? According to [Goldberg,Rubin’95], p.46something is object-oriented if it can be extended by composition of existing parts or byThis definition can be applied on the available software construction tools. A language isand propagation of changes. Thus, encapsulation, inheritance and polymorphism makethe storage of object models, i.e. data models that support encapsulation, inheritance andpolymorphism.But the definition can also be applied on running software systems. A drawing package isof behaviours (i.e. dragging or resising depends on the object one is manipulating) and

- 45 -composite). A user interface is object-oriented if allows to express the composition ofexisting parts (i.e. folders in desktop environments) and refinement of behaviours (i.e.highlighting behaviour changes according to the target user interface element) andThis definition is appealing because the composibility, refinement and propagationrequirements map very well onto the incremental development approach. In the object-Object-oriented frameworks and meta-object protocols are two of the more prominent

- 46 -Object-Oriented Frameworks

A popular way to look at the progress in software engineering is to see every step asproviding higher level abstractions for larger entities and techniques. Assembly languageinstructions were assembled into control structures, control structures were gathered intooriented programming we know how to gather abstract data types into inheritancehierarchies. Object-oriented frameworks are probably the next step in this evolution, whereObject-Oriented FrameworksAn object-oriented framework is a state-of-the art technique in object-oriented softwareengineering. The field has reached consensus over the following definition: "A frameworkconsists of a set of co-operating classes and objects that make up a reusable design for aspecific problem domain" [Johnson,Foote’88], [Wirfs-Brock,Johnson’90],[Johnson,Russo’91], [GammaEtAl’95], [Goldberg,Rubin’95], [Cotter,Potel’95].Categories of FrameworksMany examples of object-oriented frameworks can be found in the literature. They can beThese kind of frameworks make up a reusable design for the construction ofapplications with a graphical user-interface. Some well-known examples are Apple’sMacApp [Schmucker’86], Borland’s OWL, ET++ [WeinandEtAl’88] and Parcplace’sCompared to application frameworks that aim at horizontal markets, domain specificdomain of operating systems, ET++SwapsManager [Birrer,Eggenschwiler’93] for thedomain of financial engineering and DHM [Gr¿nbaek’94] for the domain of openSupport FrameworksSupport Frameworks are similar to application frameworks but aim to supportfunctionalities in between the operating system and the application (i.e. peripheraldevices, databases, �). A prominent example is Taligent’s CommonPointObject-Oriented Frameworks versus Class Librariesconfuse them with object-oriented code libraries. The crucial distinction between a

- 47 -framework and a class library is the idea of a reusable design. We elaborate on thisA framework provides collections of behaviours as well, but the essential add-ons arethe framework contracts: the set of rules that governs the ways in which behavioursframework provides, what the caller of the framework must provide, what is allowed(see framework contract, p.51).call their methods afterwards. Most frameworks do it the other way round: clientframework) and it is the framework that calls the methods of the client objects. Thisthe emphasis of frameworks lies on the reuse of design. Frameworks represent ageneric design solution for a variety of problems called the domain (or applicationdomain, problem domain). A framework is not a single program, but embodies afamily of related programs and the common factor between these related programs isthe framework’s design expressed in the framework contracts. Each program in thefamily of related programs adapts this design to a specific problem, hence whyImplementing FrameworksAbstract Classes and Template MethodsA framework is a reusable design for a specific problem domain. The reusable design isspecified with number of semi-finished inheritance hierarchies, constructed using so-calledabstract classes and template methods, which are defined in terms of abstract and concreteAn abstract method is a method without an implementation and an abstract class is a classdefining at least one abstract method. Abstract classes are not allowed to have instances,since it is an error to call methods without an implementation. A method that overrides anabstract method by supplying an implementation is called a concrete method. A concreteclass is a subclass of an abstract class that has overridden all of the abstract methods in itssuperclass chain. As opposed to abstract classes, concrete classes may be instantiated. Theroots of inheritance hierarchies are usually abstract classes, while the leafs are usuallyconcrete classes. Note that it is a legal operation to create an abstract subclass of a concreteclass, so in the middle of inheritance hierarchies one may find both abstract and concreteA template method is a method with an implementation that calls abstract methods or othertemplate methods. As such, a template method forms some kind of a skeleton program,complete. This ’skeleton program’ idea is the way a framework specifies aspects of the

- 48 -To make the definition of a abstract classes and template method concrete, we work out aincludes a design for modelling the behaviour of sensitive regions like buttons and windowclose-boxes (see figure 9). When the mouse button is pushed outside the region nothinghappens (1). If the mouse button is pushed while the cursor is within the region, some kindof highlighting is performed to give the user feedback (2). As long as the mouse button isaction is performed depending on whether the cursor was inside or outside the sensitiveregion (4).

OK1-2h34 [ae]

OKOKOKOKin figure 10. There we have an abstract class with abstract methodsactivate, highlight, unhighlight and region. There is also a template method that calls these abstract methods to model the mouse trackingbehaviour. Subclasses of the sensitive region must provide different concrete methods tomodel their specific kind of highlighting and we included a subclass for a button .SensitiveRegionhighlight ()unhighlight ()handleMouseDown (mouse)

Buttonhighlight ()unhighlight ()

CloseBoxhighlight ()unhighlight () if contains(region(self), position(mouse)) highlight(self) while buttonPressed(mouse) if contains(region(self), position(mouse)) highlight (self) else unhighlight (self) endif endwhile unhighlight (self) if contains(region(self), position(mouse)) activate (self) endifendifmethod: handleMouseDown (mouse)White-box & Black-Box Reuse (Class Inheritance & Object Composition)

- 49 -by filling in the open ends (i.e. supply concrete methods) of the framework. The two mostin terms of framework extensions the techniques are usually referred to as white-box reuseFor white-box reuse one relies on class inheritance within object-oriented programs. Withwhite-box reuse a template method calls methods defined on the self object only; to extendthe framework one supplies a concrete subclass of the class that implements the templatean example of such a template method that is completed in the subclasses and figure 10 by providing concrete implementations for the methods ,.For black-box reuse one relies on the composition of objects. The template methods callsabstract methods defined in other classes and the concrete methods are provided bythe template method (see figure 10) calls the method,which is an abstract method defined on the class (not depicted) Thethe contains method in concrete subclasses like for the and.class defining the template method. With black-box reuse, the internal details of the classesdefining the template method are completely hidden from the places where the frameworkabstract method defined on the self object. The term black-box template method refers to aWhite-box versus Black-Box Reuseuser interface framework so that sensitive regions react to keyboard events. A white-boxhas subclasses for all possible input-devices that may control the sensitive region, in ourexample and . The concrete method

- 50 -SensitiveRegionhighlight ()unhighlight ()

Button�

CloseBox� handle (sensRgn)

MouseTrackerhandle (sensRgn)

KeyboardTrackerhandle (sensRgn)

SensitiveRegionhighlight ()unhighlight ()handleMouseDown (mouse)handleKeyDown (keyboard)

Buttonhighlight ()unhighlight ()

CloseBoxhighlight ()unhighlight () a) White-Box Reuseb) Black-Box Reuse

The framework literature agrees that white-box reuse and black-box reuse both have theiradvantages and disadvantages [Johnson,Foote’88], [GammaEtAl’95],White-box reuse is more straightforward than black-box reuse because inheritance isbetter supported than composition. White-box reuse leads to a little number of largeinvolves writing one additional method, while the black-box approach involves theWhite-box reuse offers more capabilities than black-box reuse because one can useinternal implementation details when adapting the superclass. In the example, thewindow close-box and button may choose to override the andexploit knowledge about the shape of the sensitive region to write a smarter pollingalgorithm. Indeed, the generic polling algorithm in the handleMouseDown methodis written in such a way that it can handle disjoint regions by calling the function in each step of the polling loop. But a button and a close-box have a plainrectangular shape, and so the polling algorithm can be written faster by checking theWhite-box reuse breaks encapsulation because subclasses can look inside theimplementation of the superclasses. Breaking encapsulation is sometimes necessary(see the capability argument), but is generally considered a bad thing as code tends todepend on internal implementation decisions and thus less extensible and harder tomaintain. In the example, if the window close-box and button chose to override the

- 51 -For complex designs, black-box reuse usually involves less classes but more objects.This implies that black-box reuse is more extensible because classes are more task-specific and thus easier to subclass. Imagine that we must extend our user-interfaceframework to support other input devices like joy-sticks and three-button mice. Thewhite-box approach requires us to add a new method to all of the subclasses for each new input-device that must be supportedand there is little chance that we can reuse implementations of other input devices. Inat run-time. As white-box reuse depends on the inheritance hierarchy, one cannotchange the reuse strategy at run-time. With black-box reuse, changing the associationas a sensitive region where a user is asked to select an item out of a list. Some userinterfaces allow the user to switch between the keyboard and the mouse while themenu is open. With black-box reuse, this can be modelled quite easily by associatingIn general the advise is to favour black-box reuse over white-box reuse (see[Johnson,Foote’88] p.6; [GammaEtAl’95] p.20; [Goldberg,Rubin’95] p.208-209),especially since black-box reuse allows to reconfigure the system at run-time. However,black-box reuse distributes the design over a number of inheritance hierarchies and thesystem’s behaviour depends on dynamic object relationships rather than that on static classneed for support.Framework Development Techniques ahIterative DevelopmentA framework provides a skeleton application for aparticular domain and uses abstract classes andtemplate methods to anticipate those aspects of thedomain that should be flexible. [Pree’94] coins theterm ’hot-spot’ to refer to an aspect of the domainthat varies between applications and should berepresented by an abstract class or method in theThe inherent difficulty in developing frameworks isto identify the appropriate hot spots of the domain, because that is what makes up thespecific knowledge and iteration. The former is not a surprise, considering the domain-Developing a reusable framework requires that a framework be used and reworked severaltimes to be confident in its quality and to make sure that the proposed hot spots correspondwith reusable domain aspects. Iteration involves testing the framework in differentapplications and rework parts of the framework to remove mistakes and makeimprovements. Reworking the framework is sometimes called refactoring and shifts fromwhite-box reuse to black-box reuse; i.e. tearing operations apart, moving methods up orThe Agora, ApplFLab and Zypher Design Spaces

- 52 -Domain knowledge is important to identify the hot-spots of a framework. In the PhD.dissertation [Steyaert’94], design spaces are identified as a particularly interesting way tolook at problem domains with the intention to construct frameworks. A design space,captures the varying aspects of a problem domain in an n-dimensional axis system, whereeach axis represents a fundamental characteristic of all systems in the domain that variesSome experiments in our laboratory serve as a ’proof-of-concepts’ for the design spaceabstraction. The Agora [Steyaert’94] design space captured the domain of object-orientedprogramming languages by proposing a two-dimensional design space with an object axisand a message-passing axis. The ApplFLab [SteyaertEtAl’94], [SteyaertEtAl’96] designspace captured the domain of user interface builders with a two-dimensional design spacebased on a widget axis and a value axis. The "Zypher design space" (p.30) captures thedomain of hypermedia systems with a three-dimensional �storage, presentation andFramework ContractsFrameworks are reusable designs and to reuse the design, clients must respect a set of rulesbe inferred from the source code directly. For instance, abstract methods proclaim thatframework clients should override that particular method. Types specify the minimalinterface an object should respond to [Lucas,Steyaert,Mens’95]. However, frameworksfavour black-box reuse and black-box reuse results in behaviour that depends more onframework design rules cannot be inferred from the framework’s source code, hence theA contract [Helm,Holland,Gangopadhyay’90] is a mechanism for the explicit specificationtheir contractual obligations. The contract participants are objects with a well-definedinterface. The contractual obligations state how contract participants must perform aof their interface. A contract also defines invariant parts that contract participants shouldmaintain. There exists a formal notation for contracts (seethe and abstract classes as introduced in figure 11. Notethe rule that calls to the method must be matched by a call to the method, a constraint that never can be inferred from inspecting theA sensitive region object represents an area on the screen that is sensitive to certainregions have an action associated with them, that is executed when the input devicea and method sent by a tracker object to highlight (orundo the highlighting) of the sensitive region. All calls to the method

- 53 -All tracker objects implement a handle method; the caller of the method mustprovide a sensitive region object as parameter. The tracker objects calls thehighlight method and then polls the input-device, repeatedly calling the/represents. At some point in time, the input-device must reach a state where it isfinished working with the sensitive region, in which case the tracker object calls theunhighlight method. Depending on the state of the input-device when finishing,the tracker object may call the activate method to execute the action associatedDesign Patternsknown as the framework contracts. Yet, contracts are only a partial answer to the problemsFirst of all, contracts do not tell why a certain rule is important, which hinders frameworkFinally, contracts are very complex and difficult to write, so one wants to reduce the effortby reusing experience from other contracts in other frameworks dealing with similarDesign patterns form an answer to these problems. Design patterns attempt to record theexperience of expert framework designers by systematically naming, explaining, andevaluating important and recurring object-oriented design problems and their associatedsolutions [GammaEtAl’95]. A design pattern is a written document containing at least fourelements: a name, a problem, a solution and list of consequences. The name is important tobuild a common design vocabulary in a group of framework developers. The problemdocument contains some kind of analysis and an example. The solution section is a genericdescription of an object-oriented architecture that solves the problem. The consequencesreuse a successful design and architecture, and are helpful for learning how to constructreusable designs. Moreover, a software engineer acquainted with a given design patternapplied in a new framework, encounters fewer problems understanding the framework andthus reusing it. Catalogues are useful for documenting frameworks as they build a commonThere are several attempts to assemble design pattern catalogues and they are classified inHotDraw [Johnson’92], [Beck,Johnson’94] is a well-known example for the domain ofgraphical editors. Generic catalogues collect domain independent patterns: the mostprominent example is [GammaEtAl’95]; [Pree’94] collects meta-patterns as all possiblepatterns are recorded using informal prose which makes them vulnerable formisinterpretation. Design patterns must be used in conjunction with other frameworkObject Factories

- 54 -objects within frameworks. This should not come as a surprise: frameworks favour black-box reuse over white-box reuse, implying that the heart of the framework is formed byloosely associated objects. Moreover, most frameworks adopt the Hollywood principle, i.e.of it by supplying domain specific objects. Usually, the Hollywood principle assumes thatclients supply their classes and that the framework creates the necessary objects. However,That is why most frameworks provide some kind of object factories (note that the genericdesign pattern catalogue [GammaEtAl’95] devotes an entire chapter to object factories).often involve a large body of the framework code and require special programming tricks,subclasses clients provide for the class and the class. Theuser-interface framework may solve this by defining a special object that associatesmnemonic names with specific classes. On start-up, the framework client installs thenecessary classes in the association table and passes the mnemonic names as arguments touser-interface framework may choose to incorporate a similar association table, to knowReuse is a way to reduce development effort. The object-oriented community proposesthat support the management of these rules. Contracts explicitly specify dynamic objectFrameworks are often called semi-finished programs in the sense that a framework consistsof template methods that call methods without an implementation (the so-called abstractmethods overriding the abstract methods. As frameworks must be independent of theThere are essentially two techniques for defining template methods, one is by classinheritance and the other is by object composition. Within frameworks, the techniques areusually referred to as white-box reuse and black-box reuse. The general advise is to favourblack-box reuse over white-box reuse, because this makes frameworks more extensible andeasier maintainable. However, black-box reuse is more difficult to understand and morein different applications and reworked to improve its design. A technique we found usefulduring experiments, was the specification of a design space. A design space, captures thevarying aspects of a problem domain in an n-dimensional axis system, where each axis

- 55 -represents a fundamental characteristic of all systems in the framework domain that varies

- 56 -Meta-object Protocols

If progress in software engineering is about providing higher level abstractions, and iflevels that deal with the adaptation of a software system. That is the intent of an openOpen Implementation (Meta-Level Abstraction)Black-box Abstraction versus Open ImplementationsSoftware engineering is an engineering discipline and like all engineering disciplines, it isabout coping with the complexity of the systems to build. The principal techniques for allengineering disciplines are abstraction and decomposition [Abelson,Sussman’84]. Softwaredecompose a software system in modules where each module exposes its functionalitythrough its interface but hides the way this functionality is implemented from the otherbecause in many cases, clients want to influence the way the functionality is implemented.application [Kiczales’94a], [Kiczales’94b].Mapping Dilemmas, Mapping Decisions and Mapping Conflictslower level one. Often, such a mapping involves a mapping dilemma, i.e. a choice betweenseveral ways of mapping. The implementors of the black-box have to solve this dilemmaThe proposed solution is to open the box in a controlled way and allow the client to controlthe mapping decision hidden inside the implementation. Hence the name, openThe Spreadsheet ExampleA recurring example in publications discussing open implementations (see [Rao’91],[Kiczales’94a], [Kiczales’94b]) is about implementing a spreadsheet on top of a windowingWhen a windowing system is implemented as a black-box, it exposes functionality likestructures and mouse-tracking algorithms. Having access to a functional interface for a

- 57 -windowing system, it is fairly easy to implement a spreadsheet (a rectangular array of non

According to the principles of black-box abstraction this is a perfect solution. The engineerand can build a spreadsheet by a mere call to some function for each cell inthe spreadsheet. Doing this, the spreadsheet implementor would not need to write its ownHowever, the solution does not work in practice because the engineer writing thespreadsheet program is confronted with a mapping conflict. The mapping conflict is causedto choose data structures for the windows and algorithms for mouse-tracking and normally,they favour a solution that works well for a relatively small number of overlappingwindows. Such a solution involves large window data structures and dumb mouse-pollingalgorithms. However, in the case of the spreadsheet the program would consume a hugeamount of memory because the program reserves ten thousand memory segments eachholding a complete window structure. Also, it would end up to be a very slow spreadsheet,[Kiczales’94a] gives other examples (virtual memory, compilers) to sustain the viewpointthat mapping conflicts to some degree appear in all software modules that are reused byclients with different needs. This implies that mapping conflicts are more than just nicetheoretical problems and thus that black-box abstraction should be extended to cope withBase Level Interface and Meta-Level InterfaceTo deal with mapping dilemmas, open implementations propose a software engineer toIn open implementations, the separation of concerns is achieved by offering two separateinterfaces, a base level interface and a meta-level interface. The base level interface is theonly. The meta-level interface exposes implementation issues and is used to control the

- 58 -Base Level Interface

Meta Level Interface

Designing a Meta-Level Interfaceseveral techniques (i.e. hashing, B-trees, �) exist to tune the performance of the system. Ashould be accessible through the meta-level interface. However �and this is an essentialproblem of open implementations� iteration over the meta-level interface is more difficultTo iterate over the meta-level interface, one must find a new application that requires ainterface). If an application requires a different mapping decision, it means that theapplication tackles a different problem, thus that the application resides in a differentdomain knowledge, a costly process as it involves new people, extra time and more money.Hence the conclusion that the design of meta-object protocols must be supported by theorylevel interface (see the Zypher contribution - p.63). Before we can present the answer weanswer the question "what is meta ?", a question that is studied within the reflectionWhat is Meta ?proposes a scheme which allows client modules to negotiate with their service modules tofind an optimum internal representation. Observing this scheme with a little more detail,reveals that a program with an open implementation somehow analyses its working andadapts its internal representation accordingly. This ability of self-analysis and self-years now. With the advent of open implementations, reflection has found its way intosoftware design.

- 59 -An open implementation proclaims that a system should have two interfaces, a base levelan answer to the question "what is meta ?". The only problem is that there is no clear-cutanswer to the question: reflection is an active field of research and there are exist manyBelow we give an overview of two of the views that exist on the notion of reflection. AndComputational Reflection or Meta-Linguistic AbstractionThe term computational reflection stems from [Maes’87], while meta-linguistic abstractioncomes from [Abelson,Sussman’84].Computational reflection is a particular way to look at a software system. The view startsturned into working systems (called computational systems) by means of an evaluator. Anperforms the actions required to realise the meaning of that program. The program, theComputational reflection is then the ability of a computational system to "inspect and/ormanipulate the representations of the computational process specified by a system’sMeta System(Evaluator)ComputationalSystemProgram inLanguagea) Computational System executesMeta System(Evaluator)ComputationalSystemProgram inLanguageb) Computational Reflective System executes inspect &manipulateA well-known experiment applying computational reflection on program language designwas the CLOS meta-object protocol [Kiczales,Rivi�res,Bobrow’91]. The experimentshowed that reflective programming languages provide an extra abstraction layer, whicheases extensibility, compatibility and efficiency. Reflective programming languages easeextensibility because it is possible to define a small and fixed kernel language and use thatefficiency because one can differ the implementation strategy depending on the problem toprogram is solving. Moreover, programming environments for reflective programmingIn [Rao’91], an attempt is made to adapt the computational reflection view to fit open

- 60 -Module(Implementation)SystemClient CallsInterfaceb) Implementational Reflection executes

Meta System(Evaluator)ComputationalSystemProgram inLanguageb) Computational Reflection inspect &manipulateinspect &manipulatelanguage concepts to system concepts depicted in figure 16: a computational system ismapped on a generic system; the programming language is mapped on an interface of aand the program itself corresponds with system calls to the interface of that module.implementational structures of the modules used by that system" [Rao’91]. Seen this way,This follows from the fact that two co-operating subsystems use each others interface tocommunicate, so each of the two can be regarded as a meta-system for the other. Considersystem, which evaluates these statements to produce desired data records. So in this case,We conclude that the implementational reflection is not able to tell which subsystem is thebase level and which is the meta-level. However, this separation is essential for designing ameta-level interface (see p.57), and so the meta-linguistic view is not appropriate whenDefinition of Reflectionhave to search for another one. [Maes’87] proposes a definition for reflection that iswith the intention to answer questions about and/or support actions in some domain. Asystem incorporates internal structures representing its domain, that is why a system is saidto be ’about’ its domain. A system is said to be ’causally connected’ to its domain if the[Maes’87] includes an example of a system steering a robot-arm to illustrate the definition.Such a system incorporates internal structures holding data values, relations and algorithmsto represent the position of a robot-arm, so the system is ’about’ the robot-arm position.These system structures are ’causally connected’ to a particular robot-arm if (a) movements

- 61 -of the robot-arm originated by some external force changes the internal structuresWhen facing a software system with several subsystems, a rigorous application of thisconnected way. If we reconsider the relational database example, we see that neither thedatabase system nor the client system are meta-systems because they are not about theand client systems that exchange commands to create database structures (the DDLstatements) form together the meta-system for the parts that exchange commands to queryThe Meta-Object CriterionThe last example makes clear that this definition of reflection is applicable as a criterion toWhen meta-level interfaces are studied within the context of an object-orientedbased on an object-oriented implementation, hence the reason why the terms meta-objectprotocol and open implementation are often used interchangeably. We rephrase our meta-An object is part of the meta-level if and only if, that object is (a) about the softwareIn this criterion, ’being about X’ means incorporating internal structures representingSystems Meta-Object ProtocolsThe CLOS meta-object protocol [Kiczales,Rivi�res,Bobrow’91] is the most prominentexample of an open implementation for an object-oriented language. Among others, thisAgora [SteyaertEtAl’93], [Steyaert’94], [CodenieEtAl’94], [Steyaert,DeMeuter’95] is areflective, prototype-based language that features a general mixin-based approach toCodA [McAffer’95] is especially important as it shows that a meta-level is "just anotherdecomposition on the design of meta-level interfaces as well. CodA has been used to openup the implementation of Smalltalk message passing and is able to add meta-levelinfrastructure to Smalltalk objects so that additional behaviour like concurrency orAbstract Communication Types [AksitEtAl’93] is similar in aim but different in approachthan CodA. Abstract communication types are objects that abstract interactions amongobjects and can be used to model distribution and concurrency. Unlike CodA, the abstractcommunication types are intended to be part of the design of a new programming language(i.e. Sina).Apertos [Yokote,Teraoka,Tokoro’89], [Yokote’92] is an example of a meta-object protocolused in an object-oriented operating system for mobile computing. Because portable and

- 62 -mobile computers change locations frequently, the operating system must evolve and adaptSOM, the System Object Model part of IBM’s OS/2 operating system[Forman,Danforth,Madduri’95] includes the notion of meta-classes, which can be used towrap additional behaviour around base level message sends. Among others this can beSilica [Rao’91] is an open implementation for a windowing system. By providing specialtheir needs. In [Rao’91] it is described how Silica would handle the spreadsheet exampleApplFLab [SteyaertEtAl’94], [SteyaertEtAl’96] is an experiment that investigates what isneeded to make a user interface builder incrementally refinable. ApplFLab starts from theassumption that user interface builders are essential tools for the development of modernabstraction and decomposition. A system is decomposed in different modules, where eachimplementation. Each module maps high level functionality onto lower level functionalityis split in two separate parts: the base level interface and the meta-level interface. The baselevel interface is used to access the basic functionality of the module, while the meta-levelinterface allows to control the mapping imposed by the module. Experiments have shownWhen meta-level interfaces are studied within the context of an object-orientedimplementation they are referred to as a meta-object protocol. The separation of concernsprinciple dictates that it is better to have a clear separation between the base level interfaceand the meta-level interface. This implies that one needs a criterion to recognise meta-levelobjects in existing software systems. We adopted a criterion stating that an object is part ofway. In this criterion, ’being about X’ means incorporating internal structures representing

- 63 -The Zypher Contribution

Within today’s software and hardware industry, there is a growing tendency towardsopenness. This tendency can be observed in areas like operating systems (e.g. UNIX andOS/2), databases (e.g. Exodus and CORBA), inter application communication (e.g. OLE(Smalltalk and CLOS). More recently, the Taligent company [Cotter,Potel’95] �the jointhypermedia (p.22), is another example of a field where openness is considered a valuable,and �as argued earlier� the field is an excellent representative for the larger collection ofopen systems.sections. Those techniques have found their way into the design of commercially availableopen systems: Taligent [Cotter,Potel’95] already identified frameworks as technologicalcornerstones for their CommonPoint open platform and IBM incorporated meta-objects inthe System Object Model (SOM) underlying OS/2 [Forman,Danforth,Madduri’95].Nevertheless, the today application of both techniques is more an art than a science andWe have performed the Zypher experiment to investigate the precise effect of thesetechniques by applying them on the design and implementation of an open hypermediasystem. That is, we want to investigate why it is a good idea to use an object-orientedframework and a meta-object protocol in the design of an open hypermedia system and toThree levels of tailorability: a RecapitulationIn the domain of software engineering, it is common practice to validate techniquesapplication domain to investigate benefits and drawbacks of a technique. Such a prototypesystem is called a software artefact and the Zypher open hypermedia framework is theThe design of the Zypher open hypermedia framework is based on the Zypher design spaceand the notion of tailorability as defined in the section entitled "The Zypher Perspective"systems that varies depending on the exact system one is modelling. Each point on a

- 64 -A hypermedia system is a relation (in the mathematical sense of the word) betweenpoints on the three axes of the Zypher design space. An open hypermedia system is aFigure 17 represents a hypermedia system by a 3-dimensional volume in the Zypher designStorage hypermedia systemOur working definition proposes tailorability as the characteristic property of an openhypermedia system. We define three levels of tailorability based on three possibilities toDomain level tailorability is the kind of tailorability needed to deliver a hypermediahypermedia systems would involve the incorporation of new data formats, extrainformation presentation methods or supplementary types of navigation techniques.Domain level tailorability corresponds with the addition of extra points (or theto shared data), logging (i.e. maintaining a log of navigation activities to providebacktracking features), caching (predict future behaviour on the basis of registeredsee or modify information) and integrity control (control operations to preserve theconsistency of the system’s data structures). All these examples have in common thatthey change the behaviour of several modules in the system in a uniform way. Systemlevel tailorability corresponds with wrapping uniform behaviour around differentConfiguration level tailorability aims to provide a ’plug and play’ hypermedia system,system run-time extensible. For instance, the table of helper applications in mostdocument type is about the configuration between the storage and presentation axis.The Java approach [Java’95] is another example, where world-wide web browsersload system modules for handling unknown document formats. The final example isprotocol negotiation, where system modules communicate to choose the optimalprotocol for exchanging data; protocol negotiation is valuable in cross-platform

- 65 -communication. Configuration level tailorability corresponds with changing theNote the important property that the definition of the three levels of tailorability is.Tailorability and Object-oriented Software EngineeringNow that we have proposed three levels of tailorability as a distinctive characteristic of anopen hypermedia system, it is time to reconsider the question how object-orientedframeworks and meta-object protocols can be applied in the design of an open hypermediasystem. To answer this question, we look for a mapping between the three levels oftailorability and the two techniques provided by the object-oriented software engineeringA framework provides a skeleton application for a particular domain and clients mustsupply concrete methods for the "hot spots" of the framework (i.e. iterativedevelopment - p.51). If we would design our framework so that each axis in theblack-box reuse - p.48), then adding points to the design space axis corresponds withsupplying concrete implementations for the abstract method in the template. So, aThe crucial idea of system level tailorability is to adapt the global behaviour of thesystem in order to offer additional services. Locking is an example of such anadditional service and to implement a successful locking strategy we must change alldata-access operations in a uniform way: we cannot risk to miss a single read or writeWe can accomplish locking behaviour by changing the implementation of all themodules in the system in a uniform way. This is not a very appealing solutionmethod that reads or writes a data-value are changed, but there are no tools to detectthem. Secondly, changing the internal implementation of the modules implies that wemust understand all internal details of each of these modules. This is hard, since readand write operations may be hidden deep inside the code. Finally, it is not alwaysall visited locations implies that the system must log all navigation operations in auniform way; to implement a cache, the system must trap all storage operations in aSo to accomplish system level tailorability, we need a way to trap all operations of acertain kind, independent of the module that calls or implements that operation andmust have a special interface that allows us to wrap extra code around these kind of

- 66 -Finally, configuration tailorability is about changing the configuration of the system’sway to change all decisions about the system’s configuration in a uniform way. Theminor difference is that for system level tailorability we must wrap additionalbehaviour, while configuration level tailorability requires us to change the behaviour.For instance, the table of helper applications is a decision table that tells whichpresentation module should handle the output of what storage module. The Javaapproach can be handled by checking the above decision table, and requesting theSo to accomplish configuration level tailorability, we need a way to change allother words, our hypermedia system must have a special interface that allows us toto provide this functionality. Note that such a meta-level interface corresponds to theExplicit Framework Contracts are Meta-Objectsand configuration level tailorability. Our intuition has been guided by the insight that bothlevels of functionality could be incorporated by having two dedicated interfaces: one thatallows us to wrap additional behaviour around important operations and another one thatallows us to plug configuration code. Nevertheless, we have not motivated why such aIn the section on meta-object protocols, we have identified the meta-object criterion (p.61)that enables us to decide whether an object is part of the meta-level. So if we know whatThe encompassing property of the dedicated interfaces for system and configuration leveltailorability, is that they capture the important design aspects of the framework. Indeed, theoperations we want to log, cache, lock, control with system level tailorability are theoperations that perform critical system tasks, so are important aspects of the frameworkdesign. Also, the operations that determine the system configuration are crucial for thebehaviour of the framework, thus an important aspect of the system design. Importantconclude that objects part of the dedicated interfaces are explicit representations ofUsing the meta-object criterion, we can show that an object which is an explicitan object to be part of the meta-level; that object should be (a) about the software system in(b) a causally connected way. Point (a) follows from the fact that an object which is anexplicit representation of a framework contract is by definition about the system and notabout the system’s domain. To satisfy the causal connection requirement (b), we must showthat if one of the sides of the connection changes the other side changes correspondingly.One direction follows immediately � changing the implementation of the contract objectchanges the behaviour of the system. Moreover, since the object represents a frameworkcontract, the only legal way to change that part of the system behaviour is to change the

- 67 -corresponding contract. For if one changes the framework implementation by violating thevitally important as it leads to the conclusion that the design of a framework provides anthat the design of the meta-level interface can reuse parts of the design of the framework’sis more expensive, and knowing that there are lots of promising techniques for designingFramework Design Guidelinessomething about what contracts should be made explicit in the design. Obviously, we needsome support to tell what contracts are pertinent, as a typical framework comes withnumerous contracts. As argued below, the Zypher design space provides an ideal1)2)3)4)The configuration of the design space axes should correspond to a frameworkSecond, we show that a system designer who respects these guidelines can build a system1)The first guideline constrains our methodology to problem domains where it is possibleto devise a design space. The Agora [Steyaert’94] and ApplFLab [SteyaertEtAl’94],2)The second design guideline ensures that a framework provides domain levelmethods called by the template method adds a point to the corresponding design space3)A framework that respects the third guideline, can be made system level tailorable byprovide extra behaviour for the execution of the contract, this way wrapping uniform4)by extending the design with a meta-object that is an explicit representation of theand meta-object protocols can be combined properly. In some sense, object-orientedframeworks and meta-object protocols are overlapping techniques since they both share the

- 68 -that the framework design guidelines and the three levels of tailorability are completelyindependent of the type and number of design space axes. This leads to the conclusion thatthe proposed framework design methodology can be applied on the construction of openWe have provided an answer to the question how object-oriented software engineering cansystem with three levels of tailorability � domain level, system level and configurationlevel. By adopting those three levels of tailorability as distinctive characteristics of openhypermedia systems, we have concluded that object-oriented frameworks and meta-objectprotocols overlap, since they both share the common goal of tailorability, yet differ, sinceThe main point in our argumentation was the insight that explicit representations offramework contracts are meta-objects. Based on this insight, we have formulated fourframework design guidelines and we have proposed a framework design methodology toMoreover, we have argued that the same approach can be applied to open systems outsidethe hypermedia domain, because all our arguments are independent of the hypermediaframework design guidelines, then it is possible to incorporate the three levels of

- 69 -

2The Zypher DesignChapter 3: The Zypher Software Artefact The Zypher Design Pattern Form........................................................................................... 71Chapter 4: Data Structures For An Interoperable Hypermedia Framework 78Navigation: Provide Seamless Integration................................................................................ 86Chapter 5: A Design Space For A Hypermedia Framework Resolver: The Core of an Extensible Link Engine..................................................................... 94 100 103Chapter 6: A Layered Hypermedia Framework Events: Co-ordinate Functional Layers................................................................................... 107Chapter 7: Tailorability In An Open Hypermedia Framework 116 130Chapter 8: Protocols in an Open Hypermedia Framework Navigation Template: Specifying The Control Flow 138

- 70 -

CHAPTER 3The Zypher Software ArtefactIn the domain of software engineering, it is common practice to validate techniquesexperimentally [NationalAcademy’94]. One builds a prototype for a particular applicationdomain to investigate benefits and drawbacks of certain techniques and generalises thefindings to a broader set of application domains afterwards. Such a prototype system isSuch an experimental validation methodology is summarised in the proverb "The proof ofthe pudding is in the eating". In the first part, we have been collecting a number ofingredients and instruments for a delicious pudding � the hypermedia design space, thehave been describing how such a delicious pudding might taste � the framework browserscenario. Finally, we have sketched a recipe to cook the pudding � the framework designThis second part, describes the cooking process we have carried out in order to cook a realpudding � the Zypher open hypermedia framework. This software artefact serves as a’proof of concepts’ that our framework design methodology is applicable for thewe describe the actual proof of the pudding, that is the eating process � the refinement ofthe Zypher framework into a prototype of a framework browser. This show how the threelevels of tailorability helped us to tailor the open system for a prototype of a framework

- 71 -The Zypher Design Pattern Form

One of the main difficulties in describing a software artefact is that one must list a largenumber of issues and problems, relate this to the description of a software architecture andsomehow convince the reader that this architecture provides a solution for the initial list ofThe problem is even more difficult when describing object-oriented software architectures,because such an architecture must be reusable, thus address a number of similar, recurringproblems. The object-oriented community acknowledges this problem and forwards designpatterns as a way to describe reusable aspects of an object-oriented design. In a designpattern approach, instead of arguing how a particular architecture covers a complete list ofin other architectures. Also, it is more easy to adapt the design to a changing list ofproblems. Using the design pattern approach, those reusable aspects are described in aThere are several attempts to assemble design pattern classified in two main categories.[Pree’94]. Domain specific catalogues collect patterns about a specific problem domain;HotDraw [Johnson’92], [Beck,Johnson’94] is a well-known example for the domain ofIn what follows, we describe the Zypher open hypermedia framework using the designpattern approach. So the second part of this dissertation is presented as a domain specificdesign catalogue for open hypermedia systems. We also include a description of the designThe real power of design patterns lies in the idea of overlapping many of them on a smallto stress the way they work together. Nevertheless we want to stress that for a first tour, thesequential path is probably the best. Only for an in depth study, the referencing scheme is.Outlining the Zypher Design Pattern FormThe title names the pattern and provides a glimpse on the essence of the design. Theconstitute the name used in other design patterns as a reference and alludes to the!

- 72 -problem or solution discussed in the design pattern. The short phrase condenses theThe intent section summarises (2 to 4 lines) the design pattern. As such, the intentThe analysis section introduces the problem addressed by the design pattern and listsand the reference in the title. The analysis section uses examples to illustrate how theproblem is manifested in some problem domain without hinting at solutions. TheThe problem section recapitulates the problem the design pattern tackles based on theissues addressed in the analysis section. The problem section is always stated as aquestion; usually a "How ?" question to emphasise that a solution is desired. Thesection. The solution section is written in a clear and concise style that emphasises onthe proposed technique and/or structure. Normally, the examples taken from theanalysis section are reproduced in the proposed design to demonstrate how it solvesThe contract section includes charts (applying [class diagrams] or [object interactiondiagrams]; see below) specifying the internal structure of the proposed solution. Therest of the contract section enumerates all elements of the charts (including relationsbetween the elements) and charges them with precise responsibilities. Whereverpossible, the messages that constitute the contracts are listed and the refinementsThe motivation section answers why the proposed solution solves the issues raised inthe analysis domain. Among others, the motivation section includes alternativeThe issues section, if present, discusses issues subordinate to the ones listed in theThe consequences section, if present, discusses design trade-offs and includes

- 73 -The relations section links the pattern with other design patterns in the text. Thissection also includes references to well-known design pattern catalogues. The sectionincludes at least one ’default’ reference, pointing to the most obvious next pattern tosurrounded by brackets "[]" and use the name in the title (i.e. the keywords preceding theThroughout this document, class diagrams are represented using a variant of the "Object[RumbaugEtAl’91] for a full description of OMT. Below is a brief survey of the main

SampleClassmessage1 ()message2 (integer)message3 (float1, float2)

A class is denoted by a box with the class nameat the top (i.e. SampleClass). A class nameunderstood by instances of that class appearbelow the class name; some messages may beseparated by a dotted line to group relatedletter; names of parameters correspond with thename of the class but start with a small character (i.e. integer, float1, float2). In theexample we see a parameterless message (i.e. ), a one parameter message) and a two parameter message belonging to another category (i.e.

CallerClasscaller ()

CalleeClasscallee ()

A grey arrow between to classes indicates acalling order from the CallerClass to theCalleeClass, meaning that an instance ofCallerClass having received the message must send the message to aninstance of CalleeClass. Note that, one of the participating messages may be leftunspecified, which implies that this side of the calling order is not important in thedesign. The calling order is only shown when it is essential to the design beingexplained, as it quickly leads to cluttered schema’s; Object Interaction Diagrams (see

ClassA

ClassB

�at a certain moment� an instance of ClassAmay be associated with multiple instances of ClassB. The line between the classesmeans that there is an association, the black circle means that this side of the

- 74 -

ClassC

ClassD

A line with a white diamond indicates anaggregation association from ClassC to ClassD,meaning that �at a certain moment� aninstance of ClassC may contain multiple instances of ClassD. The line between theclasses means that there is an association, the diamond means that this side of theassociations is the ’container’ side. Usually, only one class (the container class)

Subclass1

Subclass2

Superclass

A line with a white triangle indicates ansubclasses, meaning that all instances ofSubclass1 and Subclass2 inherit the structureand behaviour of Superclass. Nevertheless, thestructure and behaviour of the three classes mayextend and override the structure and behaviourof the Superclass. The line between the classes means that there is an association; thetop of the triangle points towards the superclass; the base points towards the

ClassEAspectF crucial role in the overall design, but the actualstructure is unimportant. The example shows that ClassE is related with an aspectInteraction DiagramsThroughout this document, object interaction diagrams are represented using an adapted object1 object3 object2 messageA (object3) messageB() messageC()

This is an example of an object interactiondiagram illustrating message exchange betweenobjects. The message involves three objects(object1, object2, object3) indicated by theon top of the lines. One object (i.e. object1) isthe originator of the interaction: its name isplaced a little higher than the others and isdisplayed in a slightly larger and underlineddiagram. Vertical rectangles denote objects thatare handle messages during a certain period: thebottom and top of the vertical rectangles denotethe moment the object starts or ends handling the message. The messages themselves

- 75 -as parameter. While object2 is handling the message, it sends a parameterless object1 object2 object3 returnA () createB () object4

Existing objects returned as the result of afrom the message handling rectangle; the nameof the object appears on top of the line (i.e.are depicted with an arrow emerging from themessage handling rectangle; the name of theobject appears just below the arrowhead (i.e.creation arrow is drawn in a dashed line whileThe example shows an object1 sending amessage to object2 that returns an existing object3. Afterwards, object1

- 76 -

CHAPTER 4Data Structures For AnInteroperable HypermediaThis part of the dissertation introduces the four central building blocks in the design of theZypher Open Hypermedia Framework: component, anchor, instantiation and marker. TheThe Dexter ModelReaders familiar with hypermedia research recognise the names of the four building blocksof the original goals of the Dexter Hypertext Reference model was to define a hypermediaspecification (notably DeVise Hypermedia [Gr¿nbaek,Trigg94] and the AmsterdamThe design of the Zypher Open Hypermedia Framework builds on the accumulatedknowledge of the Dexter specification as well. This may seem awkward at first, as theDexter model is generally regarded as a representative of the generation of monolithichypermedia systems (see [Wiil,flsterbye’94], [Legget,Schnase94]), whereas Zypherexplicitly targets the domain of Open Hypermedia Systems. The design patterns in thisopen hypermedia systems, among others because they adhere to the basic design principlesforwarded in the flag taxonomy of open hypermedia systems (see p.27 andStructural ObjectsData structures are the central theme underneath the design patterns in this part. All thedesign patterns listed here, describe so-called structural objects; elements for Zypher data

- 77 -part emphasise on how framework information can be represented with the structuralthis part.Each of the four structural objects represents a wide variety of possible implementations,captured in the inheritance hierarchy they represent. Each structural object defines a public

- 78 -Interoperability: Unaware Repositories and Applications

Define a data model to manage information structures stored in variousrepositories and manipulated using different applications, all unaware of eachInformation managed with computers is heterogeneous in nature: it resides in variousthose repositories and viewer applications are, depends on the domain the informationextra repositories and viewer applications; new technology and better software emerge andObject-oriented frameworks are complex information structures, mixing an analysis, design and implementation for a particular problem domain. A framework browser combines current and future analysis, design and implementation tools to attain an

Framework analysis and design information resides in design pattern documentation of the framework development team) and sometimes in design pattern catalogues published on the world-wide web. Design information is also available from the be found in the concrete classes of the framework and in cookbook documentation.

Thus the information repositories for frameworks are the file system, the world-wide web and the framework development environment. Note that the latter must provide exist implementation oriented tools like code browsers, version management tools, debuggers, code analysers and cookbooks; there exist analysis and design oriented tools like design diagramming tools, design pattern catalogues and contracts. As authoring tools, a framework for decision support systems incorporates mathematical packages, �). New tools (i.e. pattern browsers, contract analysers, �) emerge as the

- 79 -The Zypher Framework Browser is designed for the VisualWorks\Smalltalk environment and incorporates implementation oriented tools (i.e. the standard

Smalltalk code browsers, some special Zypher code browsers), design tools (design pattern browsers) and design and analysis tools (design pattern documentation manipulated using a text editor, a HTML-editor and the Microsoft Word third party

A common aspect of information structures is complexity. To master complexity, peoplenormally use abstractions that show important ideas and hide details. But ideas considereddetails may become woefully important from another perspective. To cope with thisproblem, information systems provide context dependent abstraction views for an abstraction views. A framework consists of a set of co-operating objects grouped in classes defining messages and methods. From this definition follow several sensible abstraction views, all grouped under the name [code browser]. One abstraction view consists of all the classes that make up a framework (this is called the [system browser]), another one consists of all the messages and methods in a class (typically called the [class browser]), a third one consists of all the methods that implement a particular message (the [implementors browser]), and another one consists of all the methods that send a particular message (the [senders browser]). These are all implementation oriented abstractions and all Smalltalk development environments provide such abstraction views. The Zypher framework browser incorporates all code captured partially in design pattern documentation and partially in contracts between quality of the abstraction view depends largely upon the skills of the author. It is the

The abstractions provided in the source code of an object-oriented framework do not aim at different perspectives: they aim at a modular organisation of the software to attain flexibility and reusability. This is reflected in the tools that come with the development environment: code browsers provide a narrow, fine-grained view on the framework. This conflicts with design patterns, which are usually spread over several classes and include but a few methods per class. So to inspect the design pattern contracts between abstract classes we need specially designed browsers. That is why

Zypher provides different implementation perspectives by means of the so-called pattern browsers. A pattern browser can be used to inspect and modify the protocol

The heterogeneity and flexibility requirements imply that the set of repositories and viewerof : the subsystems of an information system do not know about the otherother information repositories, nor the viewer applications that manipulate the informationA framework browser involves information repositories like the local file system, the world-wide web and the framework development environment, that do not contain direct references towards each other. Moreover, the repositories do not know what

- 80 -viewer applications (i.e. the standard Smalltalk code browsers, some special Zypher code browsers, design pattern browsers and various text processing tools) manipulate the information they provide. Also, the viewer applications do not know what other

The problem of unawareness (i.e. software that is not explicitly designed to co-operate and.How can one model an interoperable information system where several viewer applicationscan manipulate information residing in different repositories ? How can this model respectAn interoperable information system manipulates information fragments where eachinformation fragment incorporates two important aspects. The storage aspect concerns theinternal structure of the information fragment and the way it is addressed in the repository.The presentation aspect concerns attributes specifying how an information fragment shouldmodels the presentation aspect an ; an instantiation commands the viewersend messages to other components or instantiations directly, and that instantiations are notThe Zypher framework browser incorporates among others the following viewer applications: a text editor, the Microsoft Word third party application, a HTMLbrowser, the standard Smalltalk code browsers (system, class, senders and implementors), three Zypher code browsers (class, senders and implementors) and numerous pattern browsers.

The information repositories are the world-wide web (HTTP servers), the local file system, the Smalltalk repository (containing all the classes and methods known in the

Smalltalk system) and the pattern fact base (maintaining what methods and classes

The presentation aspects can be modelled with nine classes of instantiation objects. A

Microsoft Word instantiation represents a Microsoft Word document; a HTMLinstantiation represents a HTML-document; a text instantiation represents a text document and there is one instantiation for every standard Smalltalk code browser

(system, class, senders and implementors). To model the Zypher code browsers and as separate instantiations (this would be hard since the number of pattern browsers is quite large and framework dependent) model the panes of the browser. Zypher provides a source code pane and a list pane instantiation. Those panes can be

- 81 -The structural aspects can be modelled with five classes of component objects. A file component maps file names (i.e. addresses in the file system repository) on streams, maps an HTTP address (i.e. an address in the WWW repository) on a HTML-stream

(containing a text or HTML-document). A Smalltalk class component maps a class name on the corresponding Smalltalk class; a Smalltalk method component maps a class name and method selector on a Smalltalk method. A pattern query component

Viewer ApplicationInstantiationrepresentationOf ()edit ()RepositoryrepresentationsFor ()contents ()

A component models the storage aspect of an information fragment. All componentsactual information (see [loader ~ contracts] for further details). Specific componentclasses may extend the protocol with messages that specify the address of a particularAn instantiation models the presentation aspect of an information fragment. Allinstantiations implement the method that commands the viewer application topresent the instantiation (see [editor ~ contracts] for further details). The informationbeing presented should be based on the contents of the associated component, asreturned by the message. Specific instantiation classes may extend theprotocol with messages that specify the attributes controlling the presentation and thebehaviour of a particular information fragment. Instantiation objects are allowed tosend messages to their associated components, but not to other instantiations (see

- 82 -represented by several instantiations but that a single instantiation is allowed toinstantiations associated with the component. All instantiations implement the method to answer the component associated with theSince the viewer application and repository are in principle unaware of each other, thereshould at least be one object that mediates between the two. This object should translatesome viewer operations (i.e. save) in calls to the repository and some repository operationsThe most important argument to separate storage and presentation is for easierconfigurability. A single piece of information may be available from different repositoriesand may be manipulated using different viewer applications. According to the system’sconfiguration, one combination may be preferred over another. It is cheaper to assemble acombination at run-time than it is to construct all possible combinations in advance andchoose one of them. Also, if such run-time options are separated in different classes it iseasier to configure the system because one option affects one class only. Finally, if thestorage aspect is separated from the presentation aspect, it is possible to change theThe Zypher framework documentation is organised as a collection of design patterns.

Each design pattern comes in a HTML and a Microsoft Word version. The Microsoft

Word version is richer (i.e. can be edited, contains pictures) but is not available on

HTTP server to keep them up to date with the rest of the project group. Moreover, if the system monitors that a particular HTTP address is consulted often and changes implementation. To explain this phenomenon, note that a single viewer applicationmanipulates information residing in different repositories and a single repository may servedifferent viewer applications. If the storage aspect is separated from the presentation aspectthen it is possible to reduce the number of mediator classes by factoring out the behaviourneeds to create m˚*˚n classes (where m is the number of repositories and n is the number ofclasses. Of course, if few information repositories can co-operate with few viewerapplications then the number of classes is not reduced. But even then �for modestextensions to the system� it is easier to reuse the implementation by creating subclasses,

- 83 - editor and the HTML-browser as viewer applications for framework documentation.

incorporate information coming from a HTTP server as well. If we capture the mediation in a single class then we would have five mediator classes (Microsoft needs five as well (a Microsoft Word instantiation, a HTML-instantiation, a text instantiation, a file component and a HTTP component). If we extend the Zypher framework browser to incorporate an FTP server as information repository, then the creation of one extra class is be sufficient to allow all the viewer applications to manipulate information residing on a FTP server (see the greyed column in [figure implementation as the file component, so it probably would become a subclass of the file component class. In fact, all information repositories that are able to cache their information in the local file system may benefit in the same was as the FTP server does: they subclass the file component and override some key methods to incorporate

All list panes (i.e. the list of all the methods belonging to a class; the list of all the manipulated using the same list instantiation class but work on different component cases, but if we extend the Zypher framework browser to incorporate a formatted source code viewer (one that automatically indents the source code for better readability) then adding a single class would do (see the greyed row in [figure 18]).

Moreover, such an adapted source code viewer may benefit from subclassing the standard source code viewer, as the class has the same interface and a similar xxxxxxxxxxxxxxxThe final argument to separate the structure and the behaviour in two different classes is tocope with . The same piece of information may have different co-existingon the same moment. If one viewer modifies a piece of information then all other viewersmanipulating this piece of information must be notified so they are able to update theirdisplay. This behaviour is easy to model with a one-to-many association between a

- 84 -all associated instantiations are notified as well. This is similar to the observer patternThe same HTTP component may be opened simultaneously by a HTML-instantiation and a text editor. If the text editor modifies the contents of the document, the HTML-

Almost all code and pattern browsers maintain a list of the messages sent by a the source of a method then the list of messages sent by the method needs to be updated.

Names like component and instantiation may look unfamiliar to people outside thehypermedia community. They stem from the Dexter model [Halasz,Schwartz’90], aWhen is something an instantiation ? When is something a component ? This is part of theIt was an explicit design decision to model all panes of pattern browsers and Zypher patterns are to a large extent framework dependent and so must be the pattern browsers. On the other hand, the subviews of the standard Smalltalk code browsers

An implication of modelling one information fragment with two objects representing thestorage and presentation aspect, is that both aspects must be kept in sync. Since theunawareness constraint states that a component (storage aspect) is not allowed toAs shown in the [motivation] section, not all components are supposed to work with allinstantiations. When assembling an internal representation for external information, thehypermedia system must decide which component or instantiation to create. This issue isThe extensibility argument in the [motivation] section claims that separating the aspectsavoids the proliferation of classes, i.e. m˚+˚n˚<˚m˚*˚n. However, for small numbers,m˚+˚n is almost equal to m˚*˚n. In such cases, the effect of separating the aspects is smallWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned how the introduction of a component and instantiation object solves the�

- 85 -interoperability problem. The obvious next step is then the [navigation] pattern, whichSome people may wonder about the unspecified aspects in the contracts section (i.e.The [events] pattern explains how instantiations synchronise with their associatedcomponents without violating the unawareness constraint (i.e. components are not allowedThe one-to-many association between a component and an association is managed by theThe [meta-meta-objects] pattern provides help to set-up a configuration of components andOther CataloguesThe messages defined in the contracts section participate in the template method pattern asis a hook method for the template method and together they form the 1:1 connectionThe component plays the subject and the instantiation plays the role of the observer in the

- 86 -Navigation: Provide Seamless

Define a data model that assists in the exploration of complex and dynamicinformation structures by offering seamless integration between differentintegration of the different applications that constitute the system. Such applications mayoffer different perspectives on complex information structures, but that alone is not enoughmuch mental effort to instruct the different applications (each may come with a differentcommand set) to show the desired perspective; too little of their mental capability is left forAn object-oriented framework is a complex artefact, where a single element (i.e. a provide the necessary abstractions that combine the analysis, design and patterns underlying the framework, a software engineer consults all the available information sources, which implies that at least two viewer applications are involved

(one code browser and one documentation viewer). Each viewer application has a different way to express what information fragment is to be shown (i.e. in a code a documentation viewer one must map a reference to a design pattern on a location within a file). As a result, a software engineer reading design pattern documentation mental capacity. The reverse direction is even worse, since general purpose it is the software engineer who maps a reference to a particular location within a particular file. Such a mapping operation requires even more mental effort, since it

Even if one remains within the boundaries of the framework development system the seamless integration between different abstraction views remains a problem. In framework research it is generally agreed that the best designs have many design

- 87 - perspective (i.e. one role in one design pattern). To see other design pattern several searches and choices are involved: what are the other design patterns an element participates in, how to open the according browser, what is the role this element plays in the pattern, how to instruct the pattern browser to display that role ?

three design patterns and a particular framework is supposed to add other special purpose ones, so one might expect about thirty possible pattern browsers, each with

This explains an extra requirement for an information system managing many abstractionshift swiftly from one perspective to another, without being burdened with numerousThe hypermedia research domain tackles the seamless integration problem by means of. Users select an item of interest and issue some kind of "follow link" commandnew perspectives on related items. The hypermedia system takes care of the search forappropriate information and the opening and instruction of the application to display thisinformation. With hypermedia navigation, users are not confronted with difficult searchingThe Zypher framework browser provides different information perspectives with several viewer applications (i.e. code browsers, design pattern browsers, documentation browsers; see [interoperability: combining unaware repositories and the standard Smalltalk code browser one may issue a ’senders’ or ’implementors’

Zypher code browsers have similar functionality, but offer extra facilities for opening design pattern browsers or design pattern documentation that describe the item being

Pattern browsers can be used to explore the key methods of different classes that assigned to a design pattern participant. The items in the list are the elements of the pane. Also, each pattern browser comes with a context sensitive pull down menu that brings a software engineer to other design pattern browsers on the selected item or to

The hypermedia research has adopted its own terminology to talk about navigation. Anavigation action starts in a certain location called the , and ends in another locationcalled the . Each application is supposed to potential sources and link;

- 88 -With the HTML-browser, sources for navigation actions are highlighted by means of underlining. A simple mouse click on an underlined part is all that is needed to start a

The Microsoft Word case is a little bit more complex. Sources for navigation actions the ’follow Zypher link’ in the edit menu. Targets for navigation actions are ordinary

In the Smalltalk and Zypher code browsers the sources and targets are methods selected in the method list pane. To start a navigation action one must choose the

’senders’ or ’implementors’ item from the pop-up menu associated with that method list pane. The Zypher code browser also allows to open a pattern browser on the selected method by choosing the name of the design pattern and role from a context sensitive ’design patterns’ menu.

The navigation sources and targets for pattern browsers are selections in the list and source code panes of the Pattern browser. Pattern browsers implement some kind of local navigation, in the sense that changing the selection in one list pane changes the contents of other panes and thus the perspective offered by the pattern browser itself.

Pattern browsers also offer global navigation by context sensitive menus that bring software engineers to other design pattern browsers or to design pattern

Note that the unawareness issue must be considered here as well. Since viewer applicationsalone entity and viewer applications are not allowed to call the services of the link engineHow can one incorporate the notion of navigation into the model of an interoperableinformation system (see [interoperability]) to provide seamless integration between theTo model sources and targets of navigation, one must be able to refer to substructures ofaggregation of substructures. Just as the information fragment presented in the[interoperability] pattern, substructures have a structural and a presentation aspect. Theserepository and the link engine and communicates with the component and the repository tolink engine to return the target of navigation operations. Call the object that models thepresentation aspect a ; it is the responsibility of the marker to mediate between theto highlight subparts of instantiations and is activated by the viewer application to start anot allowed to send messages to anchors / markers directly; that anchors are not allowed tomessages to other markers directly. In this way, the marker - anchor pair mediates between

- 89 - of items and is used for the lists inside the pattern and code browsers. A range anchor refers to an (optionally discontinuous) range of characters in a text and is used for source anchors in the HTML-browser and Smalltalk source code panes. A value anchor refers to an anchor with a value that is maintained by the viewer applications

There are also several markers involved: a list marker is the source or target for the selection of an item from a menu or in a list pane. A sensitive text marker identifies portions of text in the HTML-browser or in a Smalltalk source pane and the active

MarkerrepresentationOf ()highlightOn (instantiation)selectOn (instantiation)

InstantiationenumerateMarkers ()validMarker (marker)

AnchorrepresentationsFor ()valueOn (component) enumerateAnchors ()validAnchor (anchor)

Viewer Application

Repository

Link EngineAn anchor models a substructure of a component. All anchors implement the method that returns a value to be interpreted by the link engine. Specificanchor classes may extend the protocol with messages that specify the format of thereference to the substructure. Anchor objects are allowed to send messages to thecomponents they are contained in; these container components are always passed as

9Note that Smalltalk uses a syntax where messages are written with keywords separating arguments. So

- 90 -A marker models an endpoint (source and/or target) of a navigation operation. Allhighlight the given substructure as a candidate source for a navigation operation. Allmarkers implement the message that instructs the viewer application toselect the marker as the target of a navigation operation. Specific marker classes mayextend the protocol with messages that specify the attributes controlling thepresentation and the behaviour of particular sources and targets. Marker objects areallowed to send messages to the instantiations they are contained in; these containerinstantiations are always passed as parameter. Marker objects are allowed to sendthe one-to-many association between a component and an instantiation. Thisassociation should be interpreted that, at a certain moment, a single anchor may berepresented by several markers but that a single marker is allowed to represent onlyone anchor. However, the association is allowed to vary over time. All anchorsimplement the method to enumerate all the markersto answer the anchor associated with the instantiation. See [meta-objects ~ contracts]From the viewpoint of navigation, a component models an aggregation of anchors.a number (zero or more) of anchors and that a certain anchor may be contained inAll components implement the method to enumerate all theis part of the aggregation. See [meta-objects ~ contracts] for further details. It is notFrom the viewpoint of navigation, an instantiation models an aggregation of markers.This aggregation should be interpreted that, at a certain moment, an instantiationcontains a number (zero or more) of markers and that a certain marker may beMoreover, the aggregation relation mirrors the Component/Anchor aggregationAll instantiations implement the method to enumerate all theis part of the aggregation. See [meta-objects ~ contracts] for further details. It is not

- 91 -and the source or target of a navigation action explicit. This explains why there should atcourse this separation makes it possible to reuse the same referencing technique withThe most obvious technique to refer to a substructure of a text is to maintain the anchor does and as such it can be used on both HTML components and Source code components. To cope with discontinuous ranges, the range anchor contains a list of

An element of an ordered collection can be referred to by its index. This explains the presented using a list instantiation or a menu instantiation, but all work with the same

The question is then why to model a single substructure with two separate objects˚? Thesame arguments that made us separate the storage and presentation behaviour of aninformation fragment (see [interoperability]) apply (i.e. configurability, extensibility anddynamics).model [Halasz,Schwartz’90].the hypermedia system and is left as an option. As with all options, a trade-off must beconsidered. Defining a certain operation as a navigation action involves more work for thesoftware engineer and requires more system resources. On the other hand, definingoperations as navigation actions has certain benefits for the users of the hypermedia systemOpening a design pattern document (with the Microsoft Word application or with the as a navigation action enables the hypermedia system to cache the contents of the

If the request for the senders or implementors of a message inside a code browser is regarded as a navigation action, then the hypermedia system may log this activity to

The synchronisation issue, described in [interoperability ~ consequences], is even more

- 92 -Where To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned how the introduction of an anchor and marker object allows to incorporateThe [events] pattern explains how markers, anchors, instantiations and componentsThe one-to-many association between an anchor and an instantiation is managed by theanchor / marker is managed by the path meta-object. These are explained in the [meta-The [meta-meta-objects] pattern provides help to set-up a configuration of components,Anchor and markers play an important role in the navigation template as described in theOther CataloguesThe messages defined in the contracts section participate in the template method pattern asform the 1:1 connection meta-pattern. The and messages (aswell as the message) are hook methods for the navigation templateThe component / anchor, instantiation / marker and anchor / marker form observer patterns�

- 93 -

CHAPTER 5A Design Space For AHypermedia FrameworkStorage

This chapter introduces three behavioural objects in thedesign of the Zypher open hypermedia framework:resolver, editor, and loader.The introduction of the behavioural objects is the firststep towards modelling hypermedia systems using theZypher design space (p.30). This design space isdelineated by three orthogonal design axes, where eachaxis represents aspects important for all hypermediaBased on the second of our framework design guidelines, stating that "Each design spaceBehavioural Objectspatterns listed here, describe objects representing behaviour for Zypher data structures.Behavioural objects are an internal representation for (possible third party) software that isThe design patterns in this chapter are quite similar. This should not come as a surprise as

- 94 -Resolver: The Core of an Extensible

Link Engine

Encapsulate the algorithms that determine the navigation relations (i.e. whattargets can be reached from a given source) to accomplish a hypermedianew problem: how to manage the connections between related information ? Traditionalhypermedia systems use static links for these purposes, which means that the author of arelations manually. Static link creation is usually accomplished by some kind of recordingmechanism, where users select parts of information fragments in viewer applications andStatic links have the advantage of being applicable in all kinds of information structures,since they are independent of the problem domain: it is the author of a link that determinesthe relations between the information fragments and provides the semantics. However,An extensible link engine is another approach to manage the navigation relations. The linka given source. An extensible link engine is a link engine that is able to incorporate domainlink engine, the hypermedia system is able to incorporate knowledge about the informationHypermedia technology has been successfully applied in many technical documentation projects, so it should not come as a surprise to recommend a hypermedia system as an ideal medium to explore framework structures. However, compared with traditional technical documentation projects, framework structures demands an additional requirement from the underlying hypermedia system: flexible adaptation towards changes. A concrete framework applied in real life situations is of the framework’s target design space. On the other hand, the framework is redesigned to cope with new requirements. Both have impact on the framework

To provide adequate support, the hypermedia system must incorporate knowledge

- 95 -As an example, consider the links connecting a method to all senders (implementors) links manually: they should be inferred from the compiler part of the framework development environment. Moreover, to offer true support in managing frameworks,

How can one incorporate domain specific link resolution algorithms in the previouslysuch an object a . Define a contract on markers and anchors, stating that allThe Zypher framework browser incorporates navigation actions that bring a software engineer from a given message selector to all the places where such a message is implemented and all the places where such a message is sent. This counts for two resolvers: a senders resolver and an implementors resolver. Also there are navigation

The Zypher framework browser also incorporates a resolver for every URL address space. Note that some special address spaces for the framework browser domain are added (browser, pattern, name).

MarkeractivateOn (instantiation)

Instantiation

AnchoractivateOn (component)

ResolverresolveAnchorComponent( anchor, component)

Viewer Application

- 96 -An instantiation is passed as a parameter to the method defined onAll markers implement the message sent by the viewer application toAll anchors implement the message sent by a marker to start anavigation action. Anchors receiving this message, must pass it on to the resolver bymeans of the message, but are allowed to performA resolver models a specific link resolution algorithm. A resolver implements thein a resolver method. Why should this method be defined on a separate class, why not usestructure.

MarkeractivateOn (instantiation)

InstantiationAnchoractivateOn (component)resolveAnchorComponent( anchor, component)

Viewer Application

In the above schema, an anchor captures two different aspects of the design, namely thestructural reference to a substructure of a component and the way to resolve an anchor-Some anchors may resolve differently depending on the navigation context, which meansthat in some occasions the resolver process must change at run-time. Changing the resolverprocess is not possible if the two are captured in a single design element. Moreover,

- 97 -decoupling the resolver from the anchor enables lazy structures, one can defer to choice ofThe Zypher framework browser incorporates navigation actions that bring a software engineer from a given message selector to all the places where such a message is implemented and all the places where such a message is sent. Thus the same anchor

Zypher framework documentation is stored inside HTML-documents and Microsoft

Word documents and contain many anchors in URL format. In the URL format, the address in a format depending on the address space. The keyword identifies the resolver that is supposed to interpret the address. However, it is not a very good idea aspect reduces the number of classes by factoring out the behaviour along the twoMessage selectors and class names can be found in lists (i.e. the list panes of the be found in Smalltalk source code in which case a range anchor is used. On both

Both HTML-documents and Microsoft Word documents contain many anchors in

URL format, referring to various address spaces. Anchors in a HTML-document hold bookmarks (i.e. value markers).

As can be deduced from the table in [figure 19], we reduce the number of classes to twelve (= 9 + 3) instead of eighteen (= (3 * 2) + (6 * 2)). Moreover, all URL resolver xxxxxxxxxxxxxxxxxx

- 98 -The concept of a resolver as defined here is not part of the Dexter model[Halasz,Schwartz’90]. However, the Dexter specification includes the notion of a resolverStructural Objects versus Behavioural ObjectsIt was not a coincidence that the same arguments (i.e. configurability and extensibility) thatplead for a separation between components, anchors, instantiations and markers, motivateThe difference between the factorisation applied in the [interoperability] and [navigation]patterns and the factorisation applied here is based on the difference between structure andbehaviour.To understand why, note that the component, anchor, instantiation and marker objectsrepresent elements for data structures: they must be assembled properly to model externalinformation. The resolver object, however, represents a process that interprets a particularconstellation of these elements. The resolver thus assigns behaviour to a structure, whichIf the configuration issue was important when discussing structural objects (see[interoperability ~ consequences], [navigation ~ consequences]), then it is even moreimportant if a design incorporates behavioural objects. After all, the decision about whatbehavioural object should handle what structural objects has a great impact on the globalWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned how the introduction of the resolver object allows to incorporate domain specificalgorithms that determine navigation relations. The obvious next step is then the [editor]The [meta-meta-objects] pattern determines what resolver should handle a givenOther CataloguesThe messages defined in the contracts section participate in the template method pattern asdefined in [GammaEtAl’93] and [Pree’94]. To use the terminology of the latter, the method defined on resolver is a hook method for the template method defined on anchor. In turn, the methoddefined on anchor is a hook method for the template method defined onmarker. Both are forms of the 1:1 connection meta-pattern. The and messages are hook methods for the navigation templateBesides participating in the 1:1 connection meta-pattern, the messagesdefined on anchor and marker participate in the 1:1 recursive connection meta-pattern,�

- 99 -

- 100 -Editor: Incorporate External Viewer

Encapsulate the command sets that control the viewer applications presentingin a hypermedia system is concerned with presenting a particular information fragment,highlighting substructures of an information fragment as candidate source of a navigationoperation and selecting a substructure of an information fragment as target of a navigationto incorporate third party applications to present information to the user and third partyapplications can request link services from the hypermedia system. Moreover, the sameinformation can be presented by different viewer applications. Note that these applicationsmanipulated by different presentation applications, possibly not part of the hypermedia.

- 101 -

MarkerhighlightOn (instantiation)selectOn (instantiation)activateOn (instantiation)

Instantiationedit ()

Anchor

EditoreditInstantiation (instantiation)selectMarkerOn (marker, instantiation)highlightMarkerOn (marker, instantiation)

PresentationLayerObject

An editor object represents a module of the hypermedia system (possibly an interfaceAll editors implement the method called by an instantiationobject that wants to be presented. All editors implement the A presentation layer object is an abstract superclass for all objects that can bepresent the instantiation. This method is delegated to an All markers implement the method called by whatever object thatwants to highlight the marker as a source of a navigation operation. This method is

- 102 -select the marker as a target of a navigation operation. This method is delegated to anAll markers implement the method called by an editor object when itWhy should the methods be defined on a separateclass. The same arguments that made us separate the resolver from the anchor (seeIf the configuration issue was important when discussing structural objects (see[interoperability ~ consequences], [navigation ~ consequences]), then it is even moreimportant if a design incorporates behavioural objects. After all, the decision about whatWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned how the introduction of the editor object allows to incorporate specialised viewerapplication. The obvious next step is then the [loader] pattern, that models an informationmarker.Other CataloguesThe messages defined in the contracts section participate in the template method pattern asdefined in [GammaEtAl’93] and [Pree’94]. To use the terminology of the latter, theeditInstantiation, selectMarkerOn, highlightMarkerOn methodsdefined on editor are hook methods for the template method defined on instantiationand the , template methods defined on marker. In turn, the method defined on marker is a hook method for an unspecified templatemethod defined on editor. Both are forms of the 1:1 connection meta-pattern. The and messages are hook methods for the navigation template�

- 103 -Loader: Incorporate Information

Hypermedia is about managing and presenting information. A crucial part ofall hypermedia systems is the module that is responsible for storing and retrievingfrom different repositories, not part of the hypermedia system ? How can one deal with the..

- 104 -

Marker

Instantiation

AnchorsetValue (anyObject) setContents (anyObject)

LoaderpreAccessOf (aStorageLayerObject)postAccessOf (aStorageLayerObject)preChangeOf (aStorageLayerObject)postChangeOf (aStorageLayerObject)

StorageLayerObject

All loaders implement the , , , messages, sent whatever object that accesses or changes a storagelayer object. The loader then checks whether the contents of the storage layer objectAll components implement the method called by the loader when itdetects that the contents of a component does not correspond with the contents in theWhy should the , , , methods be defined on a separate class. The same arguments that made us separate the

- 105 -Where To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned how the introduction of the loader object allows to incorporate specialisedrepositories. The obvious next step is then the [evens] pattern, that imposes a layeredstructure on top of the Zypher framework and introduces event passing as a mechanism toOther CataloguesThe messages defined in the contracts section participate in the template method pattern asdefined in [GammaEtAl’93] and [Pree’94]. To use the terminology of the latter, the method defined on component and the method defined onanchor is a hook method for an unspecified template method defined on loader. This is a�

- 106 -

CHAPTER 6A Layered Hypermediaintroduces event passing as a mechanism to transfer results from lower layers to upperlayers. The design pattern part of this chapter is not captured in the framework designLayered StructureLayering is frequently applied in software engineering, although the term is vague andseldom refers to a unique technique. Frameworks are organised into layers to release thetension between ease of use and extensibility. According to [Kiczales,Rivi�res,Bobrow’91],a complex object-oriented structure is split into modules, requiring that the main moduledelegates functionality to subsidiary modules to do parts of the overall task. Then, eventhough each module supports extensibility along only a single dimension, the combinationsupports extensibility along multiple dimensions. The upper modules tend to provide morepowerful access than the lower modules, but with this power comes more responsibility,which makes it harder to extend the system. Lower modules tend to be more focused andAbstract Machine [Campbell,Goodman’87] and the Dexter model [Halasz,Schwartz’90].There, layering releases the same tension between ease of use and extensibility, althoughthere is a slight shift of focus as layers in object-oriented frameworks tend to emphasise onNevertheless, a prominent property of all layered structures is that lower layers are notsupposed to communicate directly with upper layers, because this violates abstraction

- 107 -Events: Co-ordinate Functional Layers

Co-ordinate the behaviour of the modules constituting the framework, whileavoiding the exhibition of implementation details and respecting theprotocol between the different modules constituting the Zypher framework. Basically, wehave been factoring out responsibilities in different modules, guided by the insight thatseparating responsibilities lead to better (i.e. instead of constructing allpossible configurations in advance and choosing the appropriate one, we can defer thethe number of classes). This resulted in the following structure (we left out the messages to

Marker

Instantiation

PresentationLayerObject

Anchor

StorageLayerObject

Resolver

Loader

Editor are nine parties involved, the number of possible communication patterns is quite large andthe hypermedia community (see the Hypertext Abstract Machine [Campbell,Goodman’87]and the Dexter model [Halasz,Schwartz’90]) to organise the modules into three according to the principal functionalities in the hypermedia system. Each layer introduces a

- 108 -principle of one way communication between layers reduces the number of possiblecommunication patterns and thus the complexity of the hypermedia system. The layeredStorageLayerPresentationLayerNavigation LayerAnchorInstantiationMarker

LoaderEditorResolverStorage LayerPresentation LayerNavigation Layer

The Zypher Hypermedia Framework is organised around three layers: storage, presentationpart of a hypermedia structure. The location and format of hypermedia information isencapsulated, as is the command language needed to conduct external storage devices. Thepresentation layer is responsible for the run-time behaviour of a hypermedia system andprovides elements to present and modify information fragments. The presentation layerencapsulates the control language to instruct different information viewers to perform thedesired behaviour. To attain this functionality, the presentation layer co-ordinates with thesource and/or targets of navigation operations. The decision process of what endpoints areconnected to each other is encapsulated, as is the run-time behaviour of the navigationallowed to send requests to both the presentation layer and storage layer; the presentationlayer is allowed to send requests to the storage layer but not to the navigation layer and thespecified so far ([interoperability], [navigation], [resolver], [editor], [loader]), respect thisprinciple because of the unawareness constraint. However, there is an important aspect ofco-operation that is not yet covered in the contracts namely the way the different modules contents in HTML-format and the HTML-browser is used to check the layout of the the HTML-browser (and all associated data structures) should synchronise their

Almost all code and pattern browsers maintain a list of the messages sent by a

Of course, specific modules are supposed to add specific behaviour and thus are allowed torefine the contracts. One such refinement could be the synchronisation of internal state.However, if one delegates behaviour to specific modules, one risks that the modules makeassumptions about the other contract counterparts and as a result have limited applicability.

- 109 -that the extensibility argument for separating responsibilities is not valid anymore. So weneed to specify contracts to co-ordinate the behaviour of the modules and we must ensure and HTML-browser so that when a new version is saved all associated HTMLbrowsers are enumerated and commanded to update the appropriate elements.

However, this would imply that this text editor only works in combination with

To synchronise the list of messages sent by a particular method with the pane

How to specify contracts to co-ordinate the behaviour of the modules with the constraintsCo-ordinate the behaviour that respects the unawareness constraint by means of contracts. In other words, rather than forcing a module to send messages to all othermodules that should synchronise, make the original module broadcast an event to warninterested modules. On receiving such an event, interested modules may adapt to the newDesign the event protocol to focus on the important events in an object’s life cycle (i.e.creations, destruction’s, updates, access) to avoid the exhibition of implementation details.To synchronise the text editor and HTML-browser, both viewer applications should have an instantiation working on the same file component; the text editor is used to layout of the document. When the text editor modifies the contents of the file

Receiving the update event, the anchors set a dirty bit and pass the event on to their resolver that is able the clean up auxiliary data structures (i.e. cached results). When the HTML-instantiation receives an update event, it parses the contents of the file component and instructs the HTML-browser to display the adjusted layout. This parsing process may affect the anchors as well: positions of anchors may be adjusted, new anchors may be created and others may be released. When the position of an both panes should have an instantiation working on the same Smalltalk component.

When the source code pane modifies the contents of the Smalltalk component, an update event is broadcasted to all associated anchors and instantiations, among others

- 110 - pane requests the new message list from the Smalltalk component and adjusts its

MarkercreatedMarkerOn (instantiation)releasedMarkerOn (instantiation)

InstantiationactivatedMarker (marker)

AnchorcreatedAnchorOn (component)releasedAnchorOn (component) activatedAnchor (anchor)

ResolvercreatedAnchorOn (anchor, component)releasedAnchorOn (anchor, component)

StorageLayerObject that activates a navigation action on a particular instantiation. This allows theAll markers implement the , messagesa marker. This allows the marker to adjust its internal state after the alteration of theto adjust its internal state after a navigation was completed. See [meta-objects ~All anchors implement the , messagesanchor. This allows the anchor to adjust its internal state after the alteration of the,

- 111 -anchor. This allows the resolver to adjust its internal state after the alteration of the

MarkerupdatedPresentation (instantiation)

InstantiationPresentationLayerObjectcreatedOn (storageLayerObject)releasedOn (storageLayerObject)

Editorcreated (presentationLayerObject)released (presentationLayerObject)preAccessOf (presentationLayerObject)postAccessOf (presentationLayerObject)preChangeOf (presentationLayerObject)postChangeOf (presentationLayerObject)createdOn (pLayerObject, sLayerObject)releasedOn (pLayerObject, sLayerObject)

Anchor

StorageLayerObject

All markers and instantiations implement the , messagescomponent (anchor). This allows the instantiation (marker) to adjust its internal stateAll markers implement an message sent by whateverAll editors implement the , , ,, , message sent by whatever

- 112 -state, or to adjust the internal state of the presentation layer object after the alteration.All editors implement the , messages sent by whateverobject that alters the association between an instantiation (marker) and a component(anchor). This allows the editor to adjust its internal state after the alteration. SeeResolvercreatedStorage (storageLayerObject)updatedStorage (storageLayerObject)releasedStorage (storageLayerObject)

AnchorupdatedStorage (component)

StorageLayerObject

Loadercreated (storageLayerObject)released (storageLayerObject)preAccessOf (storageLayerObject)postAccessOf (storageLayerObject)preChangeOf (storageLayerObject)postChangeOf (storageLayerObject)

MarkerupdatedStorage (anchor)

InstantiationupdatedStorage (component) to adjust its internal state after the component was altered. See [meta-objects ~All markers implement an message sent by whatever object thatalters an anchor associated with that marker. This allows the marker to adjust itsinternal state after the anchor was altered. See [meta-objects ~ contracts] for furtherAll anchors implement an message sent by whatever object thatalters a component associated with that anchor. This allows the anchor to adjust itsAll loaders implement the , , ,, , message sent by whatever

- 113 -object that alters a storage layer object. This allows the loader to adjust its internalstate, or to adapt the internal state of the storage layer object after the alteration. SeeAll resolvers implement the , , messages sent by whatever object that alters a storage layerobject. This allows the resolver to adjust its internal state after the alteration of theThe point of the notification mechanism was the need for a synchronisation mechanismbetween different modules without one module sending messages to the other. Why is theAbstract CouplingThe main motivation is that the event mechanism provides an abstract coupling betweenthat are interested, nor does the master module know the interface of those slave modules.The master communicates with the slaves based on abstract events like creations, updates,reads and releases. The coupling between the different slave modules is abstract as well, and instantiations are notified through the message. The there are, nor is it necessary to be aware of the class of these associated objects. The

HTML and text instantiation (i.e. the slaves) do not have to communicate with each component (i.e. the master) does not have to bother about the number of associated panes and the class of these panes. The list and source code panes (i.e. the slaves) are

Minimal Interfaceslave is aware of the master module and must know the master’s interface. This is not aproblem, since this is part of the normal contract between the slave and the master. Whichbrings us to the second motivation, the fact that the event mechanism allows for a between modules. Implementors of modules accept that they should provideglobal implementation since this requires less development effort and is easier to maintain.and releases and the rest of the synchronisation is based on the normal co-operation needed updated by parsing the HTML-stream contained in the file component. The parsing

- 114 -

Respect Layered StructureFinally, the event mechanism respects the unawareness constraint imposed by the layeredstructure. To explain this, it is important to understand that master modules always are theupper layers. Since a master module never calls upon the services of its slaves directly, andsince the master modules always belong to the lower layers, the layered structure is notThere are two important questions left unanswered here. One is what objects sends thenotification messages, and the other is what is the central dispatching object ? We postponeWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned about the layering structure in the Zypher framework and how the introduction ofevent allows to transfer results from lower layers to upper layers. The obvious next step isOther CataloguesThis pattern is a superposition of a number of observer patterns as defined in�

- 115 -

CHAPTER 7Tailorability In An OpenHypermedia Framework

StorageThis chapter introduces three meta-objects in the designof the Zypher Open Hypermedia Framework �Path,Session, and Hypertext� and one meta-meta-objectThe introduction of the meta-objects is a necessary stepto introduce tailorability in the design space forhypermedia systems, this way turning a interoperablehypermedia system into a completely open hypermediadesign axes, where each axis represents aspectsimportant for all hypermedia systems, namely navigation, presentation and storage. Aare chosen to represent one of these design axes (i.e. Path for the navigation axis, Sessionfor the presentation axis and Hypertext for the storage axis), while the meta-meta-objectAs such, the meta-objects are introduced as explicit representations for the frameworkcontracts that follow from the third of our framework design guidelines, stating that "Eachintroduced as an explicit representation for the framework contract that followed from thefourth of our framework design guidelines, stating that "The configuration of the designThe purpose of these meta-levels is the following. The design patterns in the previouschapters describe the base level of a hypermedia framework. This base level introducesdomain level tailorability, i.e. the ability to add points to an axis in the design space. Theintroduction of the three meta-objects �Path, Session, Hypertext� extends the frameworkwith system level tailorability, i.e. the ability to change the behaviour of all points residingon at least one axis in a uniform way. Finally, the introduction of the HypermediaContext

- 116 -Meta-objects: Introduce System Level

Provide an interface for plugging services that affect the global behaviour ofBecause a hypermedia system encourages the exploration of information (i.e. seeinformation. But it is impossible to build a hypermedia system that incorporates allfunctionality required by all possible application domains. Therefore, a hypermedia systemIn the case of the Zypher hypermedia framework, a hypermedia system designer mayassemble a hypermedia system for a particular application domain by creating specificresolver-, editor-, loader-, anchor-, marker-, instantiation- and component classes and.Domain level tailorability is the kind of tailorability needed to deliver a hypermediaDomain level tailorability is achieved by extending the basic hypermedia frameworkwith domain specific classes. Creating such domain specific classes requires a greatdeal of technical expertise about the software systems applied in the problem domainbut has little to do with the hypermedia system as such. One does not need tounderstand the inner details of the hypermedia system to tailor the system. Note thatsome classes, if written ’good’, can be reused for different problem domains.Typical usage of domain level tailorability in hypermedia systems would involve thetypes of navigation techniques. Domain level tailorability corresponds with the addition ofThe Zypher framework documentation is stored in files or on a HTTP server. This accounts for storage layer classes like the file and HTTP component and the file and application or the home cooked text editor and the HTML-browser, one must add

- 117 -

The various code and pattern browsers that inspect the design and implementation of the framework fetch their information from the Smalltalk development environment and a pattern fact base. This explains storage layer classes like the class, method and are assembled from pre-compiled parts like the list pane, the source code pane. The navigation is made possible by index anchors, range anchors, menu markers, list domain level tailorability. Sometimes, it is necessary to suit the behaviour of the system totechnique in one framework incarnation, it requires little effort to reuse the code inTypical examples of services that can be accomplished with system level tailorabilitya log of navigation activities to provide backtracking features), caching (predict futurebehaviour on the basis of registered activities), authority control (check whether the user ofthe system has the privileges to see or modify information) and integrity control (controloperations to preserve the consistency of the system’s data structures). All these exampleshave in common that they change the behaviour of several modules in the system in auniform way. System level tailorability corresponds with wrapping uniform behaviourThe Zypher hypermedia framework has been incarnated in a framework browser.

Currently, the framework browser targets the VisualWorks\Smalltalk development environment documented using HTML and Microsoft Word. Porting the framework browser to a framework written in another programming language, developed using needs domain level tailorability. Such a port would require the construction of some specific classes and installing them in the framework. Writing such specific classes maintain a log of all navigation actions, which would allow the system to guide users backtracking the trail they have followed. Also, to improve the speed of the should be able to check whether the user is authorised to access that information. A final example would be to implement integrity control services to maintain the

- 118 -consistency of the hypermedia network in a distributed setting where multiple users

However, since their aim is quite different, it is better to separate domain level tailorabilityDomain level functionality is already furnished with the classes and interfaces specified in[resolver], [editor], [loader]. What is left implicit are the contracts between the differentRefer to the explicit contract representations as meta-level objects, which separates themfrom the participants in the contracts called base level objects. Rather than execute theHave one meta-object for each axis in the design space, to attain a transparent design. Call the meta-object for the navigation layer, the meta-object for the presentationMeta-object Protocol - Navigation

MarkeractivateOn (instantiation)createdMarkerOn (instantiation)releasedMarkerOn (instantiation)

InstantiationenumerateMarkers ()validMarker (marker)activatedMarker (marker)

AnchoractivateOn (component)createdAnchorOn (component)releasedAnchorOn (component) enumerateAnchors ()validAnchor (anchor)activatedAnchor (anchor)

ResolverresolveAnchorComponent createdAnchorOn (anchor, component)releasedAnchorOn (anchor, component)

PathactivateMarkerOn (marker, instantiation)activateAnchorOn (anchor, component)enumerateMarkersFor (instantiation)validMarkerFor (marker, instantiation)enumerateAnchorsFor (component)validAnchorFor (anchor, component)createAnchorOn (anchor, component)releaseAnchorOn (anchor, component)installedResolvers ()

- 119 -All instantiations must delegate the and messages to the global Path object by means of the and messages, but are allowed to perform additional operations. Allinstantiations implement an message sent by the global PathAll markers must delegate the message to the global Path object bymeans of the message, but are allowed to perform additionalmessages sent by the Path object to notify that the aggregation relation between anAll components must delegate the and messages to the global Path object by means of the and messages, but are allowed to perform additional operations. Allcomponents implement an message sent by the global PathAll anchors must delegate the message to the global Path object bymeans of the message, but are allowed to perform additionalmessages sent by the Path object to notify that the aggregation relation between a[meta-meta-objects ~ contracts] and [navigation template ~ contracts] for further, The Path implements an message as delegated by the markerobject. This implementation must send an message to theinstantiation associated with that marker; the implementation must finish with an message to the associated anchor (with the associated component asThe Path implements an message as delegated by the anchorobject. This implementation must send an message to thecomponent associated with that anchor and an The Path is responsible for the maintenance of the aggregation relation between acomponent (instantiation) and an anchor (marker). For this purpose, the Path

- 120 -implements , , and messages as delegated by theinstantiation or component objects. The Path implements and message sent by any object that wants to alter the aggregationrelation between an instantiation and a marker. The implementation must notify theanchor and resolver by means of the , messages; the implementation must notify the marker by means of theFor the navigation layer, the Path is an aggregation of resolvers. This should beinterpreted that, at a certain moment, the Path contains a number of (zero or more)resolvers. The aggregation is allowed to vary over time. A Path implements the

- 121 -Meta-object Protocol - Presentation

MarkerhighlightOn (instantiation)selectOn (instantiation)updatedPresentation (instantiation)

Instantiationedit ()PresentationLayerObjectrepresentationOf ()createdOn (storageLayerObject)releasedOn (storageLayerObject)

EditoreditInstantiation (instantiation)highlightMarkerOn (marker, instantiation)selectMarkerOn (marker, instantiation)created (presentationLayerObject)released (presentationLayerObject)preAccessOf (presentationLayerObject)postAccessOf (presentationLayerObject)preChangeOf (presentationLayerObject)postChangeOf (presentationLayerObject)createdOn (pLayerObject, sLayerObject)releasedOn (pLayerObject, sLayerObject)

Anchor

StorageLayerObjectrepresentationsFor ()

SessioneditInstantiation (instantiation)highlightMarkerOn (marker, instantiation)selectMarkerOn (marker, instantiation)preAccessOf (presentationLayerObject)postAccessOf (presentationLayerObject)preChangeOf (presentationLayerObject)postChangeOf (presentationLayerObject)representationOf (pLayerObject)representationsFor (pLayerObject)createFrom (storageLayerObject, presentationSpecification)createOn (sLayerObject, pLayerObject)releaseOf (sLayerObject, pLayerObject)installedEditors ()

- 122 -All instantiations must delegate the message to the global Session object byoperations.Session object by means of the and message sent by the global Session object when anobject to request for the presentation of an instantiation. All editors implement an message sent by the global Session object to request thehighlighting of a marker on an instantiation. All editors implement an message sent by the global Session object to request for theto notify that a presentation layer object has been created or removed. All editorsimplement the , , , messages sent by the global Session object to notify that a, The Session implements an message as delegated by theinstantiation object; this implementation must send an and messages as delegated by the marker object; theseimplementations must send an or The Session implements the , , , messages as delegated by all presentation layer objects before orafter any access or change. The implementations for the ,, and messages must notify the and messages as delegated by the instantiation or componentobjects. Also, the Session implements the and messages

- 123 -sent by any object that wants to alter the 1-to-many association between a component(anchor) and an instantiation (marker). The implementation must notify theinstantiation (marker) and the editor by means of the , The Session implements the message that creates a presentation layerobject from a given storage layer object and a presentation specification. When theFor the presentation layer, the Session is an aggregation of editors. This should beinterpreted that, at a certain moment, the Session contains a number of (zero or more)editors. The aggregation is allowed to vary over time. A Session implements theMeta-object Protocol - Storage

MarkerupdatedStorage (anchor)

InstantiationupdatedStorage (component)PresentationLayerObject

Loadercreated (storageLayerObject)released (storageLayerObject)preAccessOf (storageLayerObject)postAccessOf (storageLayerObject)preChangeOf (storageLayerObject)postChangeOf (storageLayerObject)

AnchorvalueOn (component)setValue (anyObject)updatedStorage (component) contents ()setContents (anyObject)

StorageLayerObject

HypertextcreateFrom (storageSpecification)released (storageLayerObject)preAccessOf (storageLayerObject)postAccessOf (storageLayerObject)preChangeOf (storageLayerObject)postChangeOf (storageLayerObject)enumerateStorageObjects ()installedLoaders ()

ResolvercreatedStorage (storageLayerObject)updatedStorage (storageLayerObject)releasedStorage (storageLayerObject)

- 124 -All instantiations implement an message sent by the globalAll components implement a message sent by the associated loaderAll anchors implement a message sent by the associated loader whenneeds the value of the anchor on a certain component; the returned value is based onAll anchors implement an message sent by the global HypertextAll resolvers implement the , and messages sent by the Hypertext object to notify that a storageAll loaders implement the , messages sent by the Hypertextobject to notify that a storage layer object has been created or removed. All loadersimplement the , , ,The Hypertext implements the , , ,access or change. The implementations for the , ,The Hypertext implements the message that creates a storage layerobject from a given storage specification. The Hypertext implements a message sent by whatever object that wants to remove a storage layer object. Theimplementation must notify the associated loader by means of the and messages. All resolvers must be notified by means of the and messages. See [meta-meta-objects ~

- 125 -The Hypertext implements the message toFor the storage layer, the Hypertext is an aggregation of loaders. This should beinterpreted that, at a certain moment, the Hypertext contains a number of (zero orThe motivation to introduce meta-objects (with a corresponding meta-object protocol) intoa) BehaviourTypical examples of services that must be accomplished with system level tailorability areauthority control (check whether the user of the system has the privileges to do certainfunctionality is primarily concerned with the behaviour of the system, which is in somecontrol all occurrences of a particular message that is being sent, regardless of the objectsinvolved.interface of the different classes), thus part of the design. However, the dynamic part of thethe contrary, if we create meta-objects that control the dynamic parts of the contracts, alloccurrences of important messages are funnelled through a single meta-object, independentof the participants involved. To control the system behaviour, only the single funnellingTo implement a backtrack function on the trail of all activated navigation sources one must log all occurrences of the message sent to markers. Without the

Path meta-object, this means that one must adjust all the implementation of all messages in all the marker classes, or that one must adjust the meta-object, it suffices to adjust the implementation of the

To incorporate authority control without the Session meta-object, one must adjust all implementations of all messages in all instantiation classes or adjust methods with an adjustment of the method in the sole Session meta-

A possible technique to speed up the response time of the system, is to maintain a cache of all recently accessed components. Without the Hypertext meta-object, if one wants to detect what components have been accessed recently, one must adjust all implementations of all messages in all component classes or adjust all implementations of (or ) messages in all loader

- 126 -classes. With the presence of the Hypertext meta-object, it is sufficient to adjust the implementation of the (or ) message in the sole b) StructureContracts include, besides a static (i.e. the messages understood by a given class) and adynamic part (i.e. the decision when a certain message is sent) also a structural part (i.e.explicit, the meta-objects do control the structural parts. This suggests that besides thebehaviour level, there exists system tailorability on the level as well. Indeed,services like integrity control depend largely on the possibility to verify all operationsmodifying the structure. Again, if all such operations are funnelled through a single meta-In a shared and distributed hypermedia system, one needs a concurrency control mechanism to maintain the consistency of single information fragments. Without the

Hypertext meta-object, this implies that all implementations of all ,

, and messages (or all the methods sending the implementation of the , , ,

, and messages in the sole system’s data structures when a component or an anchor is deleted. Without the on all loaders. With the Hypertext meta-object, one can do with a modification on the c) Multiple InheritanceOften, people point out that multiple inheritance may provide solutions for the problemsfunctionality in the implementation. However, this mixin class must be included in themultiple inheritance hierarchy and then there are two cases to consider. The first case a)excludes the possible existence of a mixin class from the design. This implies that we areobliged to adapt all the classes of the system that do implement this message: for each ofthese classes, we must include the mixin class in the super class chain. Moreover, theexclusion of the mixin classes from the design, implies that subclasses are not forced toforward the message to their super, so for each of the classes we must check whether theimplementation of the message forwards to the super. The second case b) includes theexistence of such mixin class in the design of the framework. However, such a mixin classis then a meta-object since it made a part of the contract explicit. Case a) leads to theb) implies that including multiple inheritance in the design is equivalent to the definition of

- 127 -for which the system was designed. As a consequence, choosing names for meta-objects isbase level. This quickly leads to very long names unworkable in practice (i.e. navigationthe other option and have chosen short names, based on existing data models in thehypermedia research field. The Dexter model [Halasz,Schwartz’90], furnished the’Hypertext’ and ’Session’ names because these objects are responsible for the managementof the storage and presentation layer respectively. The name ’Path’, stems from the work ofWhy is this ’Meta’ ?There is an important question that still needs an answer: why is this called ’meta’ ? Whatto inspect and modify representations of its own activities. Reflection is an intriguing idea�certainly within computer science� but is mostly considered an academic issue.Reflection has been studied in the area of artificial intelligence and the design of computerlanguages for quite a long time now (i.e. [Maes’87], [Kiczales,Rivi�res,Bobrow’91],and fixed kernel language and use that kernel to extend the language expressiveness),compatibility (i.e. backward compatibility with older definitions of the language) andRecently the idea has been applied on the design of systems other than programminglanguages (i.e. [Rao’91]), leading to what has been called (orsometimes open implementations). A system with implementational reflection is able toinspect and/or change the implementational structures of its subsystems. Implementationalreflection does not directly provide solutions for the problem domain the system has beendesigned for, but it does contribute to the internal organisation and the external interface ofTo explain why the funnel objects make the hypermedia system a reflective one, we turn toabout itself in a causally connected way. We elaborate on the three main ideas in thisdefinition (i.e. system, about-ness and causal connection) to make things more precise. A’ is software running on a computer with the intention to answer questions aboutand/or support actions in some domain. A system incorporates internal structuresrepresenting its domain, that is why a system is said to be ’’ its domain. A system issaid to be ’causally connected’ to its domain if the internal structures and the domain theyThe definition of causal connection implies that a causally connected system may causechanges in the problem domain by a mere change in the internal representation of thatcausally connected to itself) a reflective system can modify itself by changing its internal

- 128 -To argue why the funnel objects (i.e. Path, Session, Hypertext; see the [contracts] section)defined in the previous sections are meta-objects, we must prove that these objects are (a)about the hypermedia system in (b) a causally connected way. The proof follows from theHowever, without the funnel objects, the dynamic part of the contracts (i.e. the decisionwhen a certain message is sent) is delegated to the implementation and it is precisely thedynamic part of the contracts that determines the system’s behaviour. If the design isextended with the specially created Path, Session and Hypertext objects, the dynamic partsat, or originate from such funnel objects. Knowing that the specially created Path, Sessionand Hypertext objects are representations of the dynamic parts of the contracts between thebase level objects �specifying how the system should behave under certain conditions� ,contracts, which makes them ’causally connected’ to the system. Changing theimplementation of a funnel object has immediate effect on the subsequent behaviour of thesystem. And since the only legal way to change a framework’s design is to change itscontracts, we can be sure that changing the implementation of the funnel objects is the onlyThe Meta-Linguistic Abstraction ViewWhen dealing with meta-levels and reflection, it is important to note that there are otherpossibilities to look at reflection than the system view we applied in the aboveargumentation. Probably, the most popular one is the meta-linguistic abstraction view,among others expressed in [Abelson,Sussman’84]. The meta-linguistic abstraction viewstarts from the assumption that, for all computer programs, there exists some kind of athe actions required to realise the meaning of that expression; such an evaluator is called ameta-system. If the evaluator is tailorable by the software engineer using the descriptivelanguage, then it is possible to control the actions realising the expression and we haveThe meta-linguistic abstraction view works very well in the domain of programminglanguages, because there the notions of ’language’ and ’evaluator’ have a concretecounterpart in the problem domain. Although it is not hard to regard any program as thehelp in judging whether a given object is part of the base level or the meta-level. This islargely because the meta-linguistic abstraction view requires that one must identify thelanguage before it is possible to distinguish the evaluator. In almost all problem domains,meta-system is based on ’about-ness’ and ’causal connection’, properties much easier toIn the problem domain of open hypermedia systems, several languages (in the metalinguistic sense of the word) manifest themselves. There are command languages to instruct viewer applications and repositories to perform the necessary actions; the algorithms that determine the navigation relations are specified in some language as well. So the editor, loader and resolver objects in the Zypher frameworks can be seen as meta-objects interpreting languages formed by component-anchor-instantiation-marker structures. On the other hand, when an editor has detected a mouse click on a

- 129 - structure. Also, loaders may detect that some information has been modified in the then the component and anchor play the role of interpreters for the loader object. The the anchors to disable themselves, in which case the anchor objects interpret resolver

There is an important question left unanswered here, and that is why there should only beone instance for each Path, Session and Hypertext object ? We postpone the answer to thisWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned about the meta-object protocol in the Zypher framework and how this allows forOther CataloguesThe Path, Session and Hypertext meta-objects have much in common with the Strategypattern as defined in [GammaEtAl’93], p.315-323. The strategy pattern is designed toclients that use them. From this perspective, the resolver, editor and loader objects can bemarker objects are the clients that use them. The Path, Session and Hypertext meta-objectsthen participate in the strategy pattern playing the role of the context, in the sense that theythe meta-objects is slightly different from the role the context plays in the design pattern.defined in the strategy objects, as is implicitly assumed by the strategy pattern. In fact, theas it is the primary role of the meta-object to provide a funnelling point, while the primaryrole of the context object in the strategy pattern is to dispatch client calls. Note that thestrategy pattern is vague about the way the context object chooses the appropriate strategy.�

- 130 -Meta-meta-objects: Configuration

Level Tailorability

Zypher is a modular hypermedia framework. To construct a hypermediasystem, the system designer assembles the necessary base level objects and controls theirbehaviour using the meta-level objects (see [meta-objects]). The base level objects areStorage

The modularity property is best illustrated with theZypher design space [figure 22], which consists ofthree orthogonal design axes. The axisenumerates all possible repositories that may beincorporated; the axis enumerates allpossible viewer applications that can be applied to axis enumerates all algorithms thatdetermine the navigation relationships. Ahypermedia system constructed with Zypher is the.A particular hypermedia system is created by a hypermedia system designer through theinstallation of classes. At run-time those classes produce objects that are assembled inthe configuration of the objects should not depend on the implementation of the classes.

(universal resource locator) format for anchors as defined in the HTML-specification

(see [Berners-LeeEtAl’94]). HTML-documents embed the addresses of navigation targets in their documents using the URL format and the same technique may be applied for the Microsoft Word documents containing design pattern documentation.

axes of the design space are not perfectly orthogonal: some of the modules installed in one axis will notsupport all of the modules in all other axes. This means that a hypermedia system constructed with

- 131 -The URL format is open in the sense that it is prefixed by a keyword identifying the target address space, followed by the actual address in a format depending on the the resolution, loading and presentation of information stored in a particular URL address space.

Another example is about the system’s configuration across platforms. Framework documentation is organised as a collection of design patterns stored in files and displayed with different viewer application (i.e. a HTML-browser and the Microsoft

Word applications). This situation has two important consequences: some viewer not available on UNIX platforms) and some viewer applications are preferable over others (i.e. usually the Microsoft Word viewer application is preferred over the

HTML-browser, although some users may express other preferences). So, the determination of the optimum configuration, must be based on the underlying hardand software platform and the state of particular user preferences. A configurable hypermedia system allows system designers to influence this determination process, the system decision on which class to use in what occasion. This implies a third level ofConfiguration level tailorability aims to provide a ’plug and play’ system, where thecoordination between the system modules is adapted without changing their internalConfiguration level tailorability requires a deep knowledge about the internalarchitecture of the hypermedia system; however technical details about individualTypical usage of configuration level tailorability is to make the system run-time extensible.can associate a viewer application with a given document type is about the configurationbetween the storage and presentation axis. The Java approach [Java’95] is another example,where world-wide web browsers load system modules for handling unknown documentformats. The final example is protocol negotiation, where system modules communicate tochoose the optimal protocol for exchanging data; protocol negotiation is valuable in cross-platform communication. Configuration level tailorability corresponds with changing therelationship (in the mathematical sense of the word) between the points on the axes in theneeds. However, to attain a clear design, it is better to provide a different interface for all

- 132 -the introduction of meta-level objects, i.e. explicit representations of the contracts betweenbase level objects. Those meta-objects are defined as objects controlling all operationsconcerning a particular axis in the Zypher design space (i.e. Path for the navigation axis,this definition, there are more operations defined on meta-objects, as the ones that followmeta-objects adds operations for the maintenance of the aggregation relationships Path-Resolver, Session-Editor and Hypertext-Loader (i.e. ,, ). The role of these aggregationrelationships is to specify what kind of resolvers, loaders and editors are installed in thehypermedia system, which corresponds to the management of the available peripheralAlso, the contracts on the meta-objects include operations to create, query and releaseassociations between objects (StorageLayerObject - PresentationLayerObject in Session;Instantiation - Marker and Component - Anchor in Path) plus relations between objects andin Hypertext; Anchor - Resolver in Path). The role of these operations is to govern thethe meta-objects must supervise the creation of potential objects constituting the runninghypermedia system. This implies that the contracts for those meta-objects must includeaggregation relationships specifying the available classes that create the actual objects (i.e.Hypertext - ComponentClass, Hypertext - AnchorClass, Session - InstantiationClass,objects (see also [meta-objects ~ structure] and [meta-objects ~ contracts]) showing that�besides funnelling the navigation, presentation and storage layer operations� the meta-objects do implement the configuration of the hypermedia system. However, theimplementation of these configuration messages is not made explicit in the design, which

- 133 -

PathdetermineResolverFor (anchor, comp)

- 134 -The Session contains a number of editors, instantiation classes and marker classesEach Session implements an (accepting acomponent and a presentation specifier as parameters) and anmessage in the implementation of the message to create the actualobject. The implementation of the and messages must send a (with the class name of the storage layerobject and the presentation specifier as parameter) to the global HypermediaContextEach Session implements a message (accepting apresentation layer object as parameter). Each Session must use this message in theimplementation of the , ,, , , ,The Hypertext contains a number of loaders, component classes and anchor classesEach Hypertext implements an (accepting acomponent specifier as parameter) and an (accepting ananchor specifier as parameter) used to create a component or anchor object. Eachcreate the actual object. The implementation of the and the messages must send aof the class.layer object as parameter). Each Hypertext must use this message in theimplementation of the , , , messages to determine the loader to apply. The implementation ofthe message must forward the message (with the classThere is exactly one HypermediaContext object for each hypermedia system. AThe HypermediaContext implements a (accepting anof an instantiation class or marker class as parameter) message as delegated by theSession object; the implementation returns the name of an installed and active editor.

- 135 -The HypermediaContext implements a (accepting the name of a component class or anchor class and a presentation specifieras parameter) message as delegated by the Session object; the implementation returnsof a component class or anchor class as parameter) message as delegated by thecomponent or anchor specifier as parameter) message as delegated by the Hypertextclass. All classes implement a message that returns a name that uniquelyThe motivation to introduce a meta-meta-object (with a corresponding meta-meta-objectprotocol) into the design of the system was to attain configuration level tailorability. Wechose as meta-meta-object the explicit representation of the contract defined on the meta-a) Configuring Behavioural Objectsbehaviour and commands sets (i.e. Resolver, Editor, Loader). These categories stem fromdecoupling structure and behaviour, which eases configurability and extensibility (see[resolver ~ motivation], [editor ~ motivation], [loader ~ motivation]). Decoupling structureWhen the design of a system decouples behaviour from structure, this implies that thesystem’s implementation must decide how and when the two must be joined. The processesthat implement this decision are crucial in the system’s configuration, because attachingReviewing the design (i.e. [meta-objects ~ contract]) with this knowledge in mind, revealsthat there is one ’behavioural’ object for each layer (i.e. Resolver for the Navigation Layer,Editor for the Presentation Layer and Loader for the Storage layer). When funnelling baselevel operations, the meta-objects (i.e. Path, Session and Hypertext) dispatch the structureIn design of the meta-level (see [meta-objects ~ contract]), we know what messagesitself is not explicitly present in the design, which gets rectified in the meta-meta-layer (see[meta-meta-objects ~ contract]) with the introduction of the ,

- 136 -A good example of behavioural configuration is the interpretation of a keyword identifying an URL address space. As described in the analysis section (see [metathe resolution, loading and presentation of information stored in a particular URL address space. In the Zypher framework, the crucial decision is the mapping of the keyword on the resolver that interprets the address. When the Path object is asked to message), the Path object must dispatch this message to the appropriate resolver. To request for the name of the resolver, the Path sends the b) Configuring StructureHaving identified the difference between structural objects (i.e. Component, Instantiation,Anchor and Marker) and behavioural objects (i.e. Resolver, Editor, Loader) we have seena structural object. However, associating structure with behaviour is but one aspect of asystem’s configuration � another important aspect is what structure should be created ?What classes should be instantiated to create a structure that models to the situation in theJust like in the behaviour/structure case, the design of the meta-level (see [meta-objects ~contract]) includes messages that implement the decision which class to instantiate. Thedecision itself is made explicit in the meta-meta-layer (see [meta-meta-objects ~ contract])with the introduction of the ,, ,So the second argument sustaining the viewpoint that the meta-meta-object implementsconfiguration level tailorability, is that it provides an explicit decision on what structure pair representing a particular design pattern document. A component representing a

Why Meta-Meta ?framework contract. However, since that framework contract is defined on the meta-level,the HypermediaContext object is part of the meta-level of the meta-level of the framework,

- 137 -There is an important question left unanswered here, and that is why there should only beone instance of the central HypermediaContext object ? We postpone the answer to thisWhere To Go Next ?People reading the Zypher design pattern documentation for the first time should havelearned about the meta-object protocol in the Zypher framework and how this allows forOther CataloguesThe meta-level objects play the role of object factories in object-oriented frameworks. The�

- 138 -

CHAPTER 8Protocols in an OpenHypermedia FrameworkNavigation Template: Specifying The

Control Flow flow of the hypermedia system to make cleareffect. This specification is independent ofAn object-oriented framework is a set of co-operating classes that makes up a reusabledesign for a given problem domain. This is in some sense opposed to a software library,which is a set of routines where the code may be reused in different implementations. It iswidely recognised that object-oriented frameworks aim at design reuse, while softwareHollywood principle ("don’t call us, we’ll call you") [Cotter,Potel’95]. This principle is thebasis to understand how an object-oriented framework promotes design reuse and has to do

- 139 -defining the control flow. With the framework approach, a software engineer writes codeThe Hollywood principle states that a framework manages the control flow, which impliesthat the definition of the control flow is an essential ingredient of a framework’s designspecification. So, an important question to answer is how much of the control flow isSo far ([interoperability], [navigation], [resolver], [editor], [loader], [events], [meta-objects], [meta-meta-objects]), we have established design specifications for domain level,elements play in that structure (i.e. the "Contract" section). As far as control flow concerns,which makes it hard to understand what part of the system must be extended to achieve ais defined in the classes supplied by the software engineer tailoring the framework for aparticular application. To attain a clear specification of the overall control flow, we mustensure that the specification is independent of particular information repositories, viewerAccording to the Hollywood principle, provide a specification for the control flow of theanother. Incorporate important messages only and leave the detailed protocols are for thecontracts. Base the infinite loop on the navigation operation, which is the heart of anyhypermedia system. Call it navigation template, to emphasise that is a description of a(See [object interaction diagrams] for a short survey of the main elements in an objectStep 1: Selection of origin point editor marker instantiation activateOn (instantiation)Path activateMarkerOn (

- 140 -Step 2: Identification of origin point

Pathmarker instantiation representationOf (marker)Session

- 141 -Step 4: Resolution process componentSpecification resolver resolveAnchorComponent (anchor, component)componentPSpecanchorSpecificationanchorPSpec

quadruples to the Path object. Each quadruple in the collection is a specification for oneStep 5: Target identification

Pathcomponent createFromHypertextcomponentSpec anchorSpec interpretComponentSpec determineStorageClassFor anchorcreateFrom interpretAnchorSpec representing those locations. For each quadruple, the Path object asks the Hypertext meta-object interprets that specifier with a self send of (.

- 142 -determinePresentationClassFor (componentClass, componentPSpec)

Path instantiation

SessioncomponentPSpec anchorPSpec interpretComponentAndSpec (component, componentPSpec) markercreateFrom (anchor, interpretAnchorAndPSpec (anchor, anchorPSpec) component anchor createFrom (component,determinePresentationClassFor (anchorClass, anchorPSpec)

Session meta-object to create an instantiation (marker) by sending the message. The Session object interprets that specifier with a self send of (), which in turnrequests the HypermediaContext object for the class to instantiate by means of the.Step 6: Target presentationdetermineEditorFor (instantiationClass)

Path

- 143 -Having created the target instantiation object, the Path requests to present it by sending themeta-object. The Session first identifies the editor that is supposed to handle the request bysending the self message . As part of this identification process,the Session requests the HypermediaContext meta-meta-object for the name of an installedof the message. On returning the Session enumerates all markersassociated with an instantiation (by sending the message to thedetermineEditorFor

Path

- 144 -objects. Software engineers recognise this as a "bottle-neck" pattern and know that bottle-Yet, there is no rule that says that a meta-level object should be one global object. Forinstance, if one wants to set-up a system for a distributed environment then it is no use tohave a central meta-object that must be consulted for each important activity in the system.To reduce network communication, a better approach would be to replicate the meta-levelConsider a tele-presence situation, where two people are simultaneously editing a sharedachieved by adapting the editor software to pass all open, close and change events to theother application. Such an adaptation implies that one must change the internalreview the Zypher design, we see that there is an event-passing mechanism available (see[events]) and that this event-passing is controlled by the meta-level objects (see [meta-objects], [meta-meta-objects]). This architecture allows to replicate the meta-level objectsover the two machines and it is feasible to plug in special meta-objects that pass open- andclose-events to all other meta-objects residing on other machines. This way, meta-levelobjects can detect other meta-level objects controlling the same document and synchronisewith them by passing change-events. The base level objects remain unchanged, since themodifying the internal implementation of the editor software. Although we did not performthe actual experiment, other work has shown that this is feasible approach. CodA[McAffer’95] has been used to open up the implementation of Smalltalk message passinglike concurrency or distribution can be added when necessary. The CodA experiment isespecially important as it shows that a meta-level is "just another application" and thattraditional software design techniques like abstraction and decomposition remain valuable.Abstract Communication Types [AksitEtAl’93] are objects that abstract interactions amongobjects and can be used to model distribution and concurrency. Unlike CodA, the abstractcommunication types are intended to be part of the design of a new programming language(i.e. Sina). Apertos [Yokote,Teraoka,Tokoro’89], [Yokote’92] is object-oriented operatingsystem for mobile computing, supporting distribution and object migration by means of its[Forman,Danforth,Madduri’95] includes the notion of meta-classes, which can be used toWhere To Go Next ?Other Cataloguesare singletons [GammaEtAl’93]. This allows to implement them as global variables,�

- 145 -

3Conclusion & AppendicesChapter 9: Conclusion Chapter 10: 154 160List of Figures 162 164Aposition / Bijstelling........................................................................................................ 167

- 146 -

CHAPTER 9ConclusionWrap UpThe dissertation has started with an analysis of the domain of open hypermedia systems,based on an overview of major milestones in hypermedia research, an examination of arequirement list for open hypermedia systems, a scenario for using open hypermedianotion of a design space and the puppet master metaphor. The former represents an openhypermedia system as a tailorable volume in a three dimensional axes system � storage,system level and configuration level. We have shown that the notion of a design space withthree levels of tailorability covers the key requirements for the design of open hypermediaby supplying concrete components for the open ends of the framework. The open ends ofcontracts: sets of rules telling how framework components should be assembled to workproperly. Basically, there exist two approaches for specifying reusable designs: the white-box approach based on class inheritance and the black-box approach based on objectcomposition. In general �for the important design decisions in a framework� the black-box approach is favoured over the white-box approach, because object composition allowsA meta-object protocol is an abstraction technique where the interface of a module in anlevel interface. The base level interface is used to access the basic functionality of themodule, while the meta-level interface allows us to control designated implementationaspects of that module. Experiments have shown that meta-object protocols make systemsan open question. First, because it is hard to recognise when something is part of the meta-develop meta-level interfaces incrementally. We have coped with the first problem byadopting a meta-level criterion based on the notions of ’about-ness’ and ’causal connection’.

- 147 -are part of the meta-level, which leads us to the conclusion that the design of a frameworkbe confident that the design of the meta-level interface can reuse parts of the design of the1)2)3)4)The configuration of the design space axes should correspond to a frameworkconfiguration level. As these three levels of tailorability cover key requirements for openthe domain of open hypermedia. It provides a description of the so-called Zypher opendesign space �storage, presentation, navigation� that resulted from our analysis of theThe initial design of our framework builds on the design guidelines summarised in the flagtaxonomy for open hypermedia systems. As such, our design incorporates a separationbetween storage and presentation on the one hand and a separation between contents andstructure on the other hand. Although the flag taxonomy provided us with a goodfactorisation of the problem domain, it enforces a white-box approach for incorporating thehypermedia design space. To allow run-time reconfiguration, we applied our second designguideline by extending the design with black-box template methods for each of the axes inthe design space. This way, we show that domain level tailorability corresponds with the.In a next step, we incorporate system level tailorability in the design of our framework.we extend the design to incorporate an object that is an explicit representation of such ameta-object, we illustrate that system level tailorability corresponds with a meta-level of a.explicit representation of that contract. The fundamental difference with the system leveltailorability extension, is that the latter extension is part of the meta-level of the meta-level..Besides providing the experimental validation for the proposed design methodology, theZypher framework serves a second purpose: its abstract design was made concrete in aworking prototype of a so-called framework browser. A framework browser is a softwaresystem that supports software engineers in the management of complex object-oriented

- 148 -The Research Hypotheses RevisitedObject-oriented frameworks and meta-level abstraction are two complementarytechniques in the design of open systems.useful in the design of open systems as both techniques have already found their way intothe design of commercial systems. So the hypothesis boils down to the question how theOur work has shown that explicit representations of framework contracts are meta-objects,the base level provides clues for the initial design of the meta-level, which is an importantHowever, this says nothing about the contracts that should be made explicit in the design.Obviously, we need some support to tell what contracts should be made explicit. Here wethe framework. Moreover, we have shown that domain level tailorability can be achievedthe level of tailorability that can be achieved. Assuming that the three levels of tailorabilityobtained within the context of an open hypermedia software artefact for the generic set ofsystems, inter application communication standards, tailorable software systems andTo support the appropriateness of the hypothesis, we have argued that open hypermediacovers themes that recur in all these kinds of open systems �interoperability, extensibilityand distribution. Also, we have shown that the three levels of tailorability cover thoserecurring themes, so we conclude that the three levels of tailorability are appropriate in theincorporate the three levels of tailorability. Based on other experiments (i.e., Agora and

- 149 -So, assuming that it is possible to devise a design space for the application domain of theand second research hypotheses are about the potential benefits of applying softwareengineering techniques to the domain of open hypermedia systems, while the thirdWe have conducted various experiments in the context of what we have been calling aframework browser and we have achieved some encouraging results. First, we have shownthat it is possible to use open hypermedia to connect third-party applications with thein all kinds of formats. Second, we have experimented with a componentware approach forcomposing specific code browsers, which is advantageous for the construction of designspecific views on the implementation. Third, we have examined the possibilities of anwhich is helpful in consistency maintenance of large dynamic structures. Finally, we haveexplored open hypermedia as a way to publish reusable designs on the world-wide web,a true framework browser: one that provides a seamless integration between the numerousaspects of framework development. Also, lots of ideas remain unexplored, especiallyconcerning the support for teams. As far as we stand now, we are not able to assert theappropriateness of the third research hypothesis. Nevertheless, none of the experimentscontradicted it, so we conclude that the application of open hypermedia technology in the.Open QuestionsHaving clarified and refined some important issues in both object-oriented softwareengineering and open hypermedia, it is time to consider some unanswered questions andSystem Level TailorabilitySystem level tailorability is about wrapping additional behaviour around points on a designspace axis and the kind of behaviour we aim at is concurrency control, logging, caching,The typical example is maintaining a trail of all locations visited in a hypermedia session.This corresponds with wrapping logging behaviour around the execution of the navigationlogging behaviour without affecting the internal implementation of the anchor or resolverobjects.

- 150 -AnchoractivateOn (component)

ResolverresolveAnchorComponent

AnchoractivateOn (component)ResolverresolveAnchorComponent

PathactivateAnchorOn request the associated resolver to determine the target of the navigation operation

Actually, it is not entirely correct that the participating objects remain unaffected. Indeed,of the anchor and the component, to restore it for later use. Since both the anchor andcomponent may represent virtual data, memorising the internal state is a complex matter.Nevertheless, the problem can be solved by applying the memento design pattern[GammaEtAl’95], which requires an extension of the interface of both the anchor andresolver objects. Such an extension may imply that one must affect the internalSimilar patterns are necessary to implement services like concurrency control, caching,authority control and integrity control; i.e. to wrap additional behaviour around anoccurrence of a contract, one may need to extend the interface of the participants of thatcontract. However, those extensions don’t have anything to do with the actual contract andare in fact situated at some other level. That is, such interface extensions must deal withimplemented with. Normally, such functionality is inherited from the root classes of theone must make slight modifications to the external interface of base level objects.Nevertheless, the modifications to the external interface are independent compared to theconfiguration time. In such a situation, the white-box approach is appropriate, so one canimplement the extra functionality in the root classes of the inheritance hierarchy and reuseSingleton Meta-Objectsa singleton meta-object, as such an object corresponds to a bottle-neck for the importantevents in the global control flow. To eliminate the bottle-neck, one may replicate the meta-So a distributed setting requires multiple instances of a meta-object. Note that all those

- 151 -One may ask whether there exist situations that require multiple instances of meta-objects,where those instances will differ in both state and behaviour. Considering the schema inleave the activations of all other anchors out of the log. One solution would be to includehave two path objects with different behaviour; one that writes its activations to the log andanother one that does not. The filter is then embedded in a separate dispatcher object thatdecides what objects should be managed by the first path object, and what should beAlthough the first solution is easier to implement, the second solution is more flexible as itcorresponds to a black-box approach. For example, as the filter algorithm is independent ofHaving multiple instances of meta-objects that differ in both state and behaviour is moreflexible, yet this flexibility comes at a cost. As long as there is only one meta-object �ormultiple replicas of one and the same object�, one can maintain a reference to this meta-behaviour, one must include some reference mechanism from the base level object to theAdditional Levels of Tailorabilitylevel and a meta-meta-level. The levels of tailorability covered the open hypermediarequirement list, which implies that we need at least those three levels of tailorability.We don’t have an answer to this question, but we do recognise two viable candidates foradditional levels. A first one is about adding or removing axes to a design space. As webe possible to include an interface to change the axes system. And somehow this wouldA second one is about the configuration of the meta-objects. In the current design, there isonly one instance of each meta-object in the system, but �as argued above� somesituations may require multiple instances of the same meta-object. And then the decisionabout what instance of a meta-object should handle what base level object is cruciallyimportant. The influence this decision an additional level of tailorability is required. Thisobjects.Additional Hypermedia Design Space AxesWe proposed our perspective on hypermedia as a three dimensional design space, the threediscussion if those three dimensions are adequate for describing the space of hypermediaWe are quite confident that a hypermedia design space should at least include those threedimensions. First, because all the dimensions are somehow included in the hypertext &hypermedia definition (p.08) we adopted; second, because the experiments with the

- 152 -framework browser have shown that the three dimensions are at least appropriate.An interesting candidate for an extra dimension would be the authoring of navigationstructures. Authoring is an aspect that is not made explicit in our design, because we havefocused on navigation structures that can be derived from the contents. So, in the Zyphernavigation axis (i.e. each resolver) defines its own authoring facilities. An experiment thatauthoring of hypermedia structures �such as the spatial hypermedia systems Aquanet andBlack-box versus White-boxThe argumentation for incorporating the three levels of tailorability into the design of aframework was about favouring a black-box approach over a white-box approach, or inother words object composition over class inheritance. One may ask what would happen ifConsider the navigation axis of our hypermedia design space (see also figure 23). Toindependently of its activation, which implies that the second design guideline would bethe white-box reuse approach, this would mean that we have a single anchor object thatTo incorporate system level tailorability on the navigation axis, we must be able to wrapadditional behaviour around the execution of the andinherit the wrapping behaviour from a common superclass of the anchor classes or theresolver classes involved. To ensure this inheritance behaviour in the framework, theframework must include a contract stating that anchor classes and resolver classes mustthe third design guideline, stating that "each design space axis should correspond to aframework contract" remains valid, but the way this design guideline is interpreted in theinstance, if we want to have a relationship between a particular point on the navigation axisclass implementing the behaviour of that storage device and a class that implements thatan essential aspect of the framework design, which implies that it should be captured in aframework contract. So, the fourth design guideline, stating that "the configuration of thedesign space axes should correspond to a framework contract" remains valid, but again theThe main argument for favouring the black-box approach over white-box approach is thatblack-box template methods by changing the object composition. In a white-box approach,run-time reconfiguration of the framework corresponds with run-time modifications to thethe most popular ones) that allow to modify the class hierarchy at run-time, however thisfunctionality always belongs to the meta-object protocol of the programming language.

- 153 -Note that the white-box approach �even with the possibility of run-time frameworkbox approach would imply the possibility of changing the class of an existing object at run-time which is a very difficult operation at it requires changes to the objects internal staterepresentation (i.e. the set of instance variables) and behaviour (i.e. the method table).Anyway, such an operation would also belong to the meta-object protocol of theprogramming language, as the object-class relationship is about the software system in aThe above argumentation leads us to the conclusion that favouring a white-box approachover a black-box approach would not change that much. To incorporate the three levels ofshould be interpreted in the design of the framework changes. And if one wants toreconfigure the framework at run-time, we need a meta-object protocol that is part of theAs an final remark, we emphasise on the cross-fertilisation embodied in our work. On theone hand we build on the accumulated experience of the software engineering community.are well specified and their effects quite accurate, yet they are seldom applied in otherapplications domains. On the other hand, our work builds on the insights of hypermedia, adomain with years of fruitful research on how to enhance the way people deal withinformation. The problems encountered there are rather fuzzy and the solutions quiteimprecise, yet hypermedia research has changed the working habits of almost all peopleOur contribution is original in the way it captures the best of both worlds: the precision of

- 154 -

CHAPTER 10

Abelson, H. / Sussman, G. J. "Structure andPress, 1984.Akscyn, R. / McCracken, D. / Yoder, E. "KMS:Republished in Communications of the ACM -Vol. 31(7) - July ’88.[AksitEtAl’93]Aksit, M. / Wakita, K. / Bosh, J. / Bergmans, L.Using Composition Filters"; ECOOP ’93,Programming - Lecture Notes in ComputerScience, nr. 791 — Berlin Heidelberg, July 1993.Anderson, K. M. / Taylor, R. N. / Whitehead, E.Software Environments"; in [ECHT’94]. Andrews, K. / Kappe, F. / Maurer, H. "Servingand ISDN Systems - Vol. 27(6) - April 1995.User’s Guide"; Apple Computer, Inc., 1989.Ashman, H. "Opinion: What is Hypermedia";ACM SIGLINK Newsletter - Vol. 3(2) -September ’94.A§falg, R (Ed) "Open Hypertext Systems" at theUniversit�t Konstanz, 26/27 May 1994. Send e-mail to Rainer Kuhlen (kuhlen@inf-wiss.uni-Beck, K. / Johnson, R. "Patterns GenerateNotes in Computer Science nr. 821, Springer-via http://st-www.cs.uiuc.edu /users /patternsBerners-Lee, T. / Cailliau, R. / Luotonen, A. /

- 155 -Nielsen, H. F. / Secret, A. "The world-wide web";Communications of the ACM - Vol.˚37(8) -August ’94.Birrer, A. / Eggenschwiler, T. "Frameworks in thein Computer Science nr. 707, Springer-Verlag,Blaha, M. R. / Premerlani, W. J. / Rumbaugh, J.ACM - Vol.˚31(4) - April ’88.Brooks, F. P. Jr. "No Silver Bullet: Essence andComputer - April ’87.Bush, V. "As we May Think"; Atlantic Monthly -176 - July, 1945. Available on the world-wideCampbell, B. / Goodman, J. M. "HAM: Ain [HT’87]. Republished in Communications ofthe ACM - Vol. 31(7) - July ’88.Campbell, R. H. / Islam, N. / Raila, D. /Choices: An Object-oriented System in C++";Communications of the ACM - Vol.˚36(9) -Catlin, T. / Bush, P. / Yankelovich, N.to Support Annotative Collaboration"; inCodenie, W. / De Hondt, K. / D’Hondt, T. /Steyaert, P. "Agora: Message Passing as aConcepts"; ACM SIGPLAN Notices, Vol.Conklin, J. "Hypertext: An Introduction andSurvey"; IEEE Computer - Vol.˚20 (9) -September 1987.Conklin, J. / Begeman, M. L. "gIBIS: AHypertext Tool for Exploratory PolicyDiscussion"; CSCW’88 Proceedings, ACM Press,Cotter, S. / Potel, M. "Inside TalingentDavis, H. "To Embed or Not to Embed �";Communications of the ACM - Vol.˚38(6) -Davis, H. C. / Knight, S. / Hall, W. "LightParty Application Integration"; in [ECHT’94].Davis, H. / Lewis, A. / Rizk, A. "OHP: A DraftProtocol"; in [Wiil,Demeyer’96]Davis, H. / Hall, W. / Heath, I. / Hill, G. /Environment with Open Hypermedia Systems"; inDe Bra, P. / Houben, G. J. / Kornatzky, Y. "AnDuval E. / Olivie H. / O’Hanlon P. / David G.Jameson "HOME: an Environment forComputer Science - Vol 1(5) - May 1995.http://www.iicm.tu-graz.ac.at/Cjucs_root. AlsoEnvironment"; Demonstration at ECHT’94.27-30, Paris, France. Proceedings: Rizk, A. /Streitz, N. / Andr�, J. "Hypertext: Concepts,University Press, 1990.30 - December 4, Milano, Italy. Proceedings:ACM Press, 1992.18-23, Edinburgh, UK. Proceedings: ACM Press,Engelbart, D. C. "Toward Augmenting theCommunications of the ACM - Vol.˚38(8) -Forman, I. R. / Danforth, S. / Madduri, H.SOM"; AIXpert, May 1995.[FountainEtAl’90] Fountain, A. M. / Hall, W. /Heath, I. / Davis, H. C. "MICROCOSM: An

- 156 -Linking"; in [ECHT’90].Furuta, R. / Stotts, P. D. "ProgrammableBrowsing Semantics in Trellis"; in [HT’89].Gamma, E. / Helm R. / Johnson R. / Vlissides,J. "Design Patterns"; Addisson-Wesley, 1995. TheLecture Notes in Computer Science nr. 707,Goldberg, A. / Rubin, K. S. "Succeeding withGr¿nbaek, K. / Malhotra, J. "Building TailorablePress, 1994.Gr¿nbaek, K. / Trigg, R. H. "Design issues for aCommunications of the ACM - Vol. 37(2) -February ’94. Also in [ECHT’92].Gr¿nbaek, K. / Trigg, R. H. "Towards a Dexter-Gr¿nbaek, K. / Hem, J. A. / Madsen, O. L. /Communications of the ACM - Vol. 37(2) -February ’94. Also in [HT’93] under the titleHaan, B. J. / Kahn, P. / Riley, V. A. / Coombe,J. H. / Meyrowitz, N. K. "IRIS Hypermediaservices"; Communications of the ACM - Vol.35(1) - January ’92.Halasz, F. G. "Reflections on NoteCards: SevenSystems"; in [HT’87]. Republished inCommunications of the ACM - Vol. 31(7) - JulyHalasz, F. G. "Seven Issues: Revisited"; KeynoteHalasz, F. / Schwartz, M. "The Dexter Hypertext18, Gaithersburg, MD). Republished inCommunications of the ACM - Vol.˚37(2) -February ’94.Hall, W. / Hill, G. / Davis, H. "The MicrocosmLink Service"; in [HT’93].Helm, R. / Holland, I. M. / Gangopadhyay, D."Contracts: Specifying Behavioral CompositionsECOOP/OOPSLA’90 Proceedings, ACM Press,Hill, G. / Hall, W. "Extending the MicrocosmModel to a Distributed Environment"; inHypertext’87, November 13-15, Chapel Hill,North Carolina. Proceedings: ACM Press, 1987.Communications of the ACM - Vol. 31(7) - JulyHypertext’89, November 5-8, Pittsburgh,Pennsylvania. Proceedings, ACM Press, 1989.Hypertext’91, December 15-18, San Antonio,Texas. Proceedings: ACM Press, 1991.Hypertext’93, November 14-18, Seattle,Washington. Proceedings: ACM Press, 1993.Hypertext’96, March 16-20, Washington DC.Proceedings: ACM Press, 1996.[JacobsonEtAl’92] Jacobson, I. / Christerson, M. /Johnson, R. "Documenting Frameworks UsingPatterns"; OOPSLA’92 Proceedings, ACM Press,http://st-www.cs.uiuc.edu /users /patterns

- 157 -Johnson, R. E. / Foote, B. "Designing ReuseableProgramming - Vol 1(2) - February 1988.Johnson, R. E. / Russo, V. F. "Reusing Object-Report UIUICDCS 91-1696.[Kacmar,Leggett’91]˚Kacmar, C. J. / Legget, J. J.Information Systems, Vol. 9 (4), October ’91.Kiczales, G. (Ed.) "Foil For The Workshop OnKiczales, G. / des Rivi�res, J. / Bobrow, D. G."The Art of the Metaobject Protocol"; The MITPress, 1991.Knopik, T. / Bapat, A. "The Role of Node andLink Types in Open Hypermedia Systems" inLai, P. / Manber, U. "Flying ThroughHypertext"; in [HT’91].Leggett, J. J. / Schnase, J. L. "Viewing Dexterwith Open Eyes"; Communications of the ACM -Vol. 37(2) - February ’94.Lewis, P. H. / Davis, H. C. / Griffiths, S. R. /Hall, W. / Wilkins, R. J. "Media-BasedNavigation with Generic Links"; in [HT’96].[Lucas,Steyaert,Mens’95] Lucas, C. / Mens, K. /Steyaert, P. "Typing Dynamic Inheritance, aMaes, P. "Concepts and Experiments inComputational Reflection"; OOPSLA’87Proceedings, ACM Press, 1987.Malcolm, K. C. / Poltrock, S. E. / Schuler, D.[Marshall,Shipman’93]Marshall, C. C. / Shipman, F. M. "Searching forthe Missing Link: Discovering Implicit Structurein Spatial Hypertext"; in [HT’93].[Marshall,Shipman’95]Marshall, C. C. / Shipman, F. M. "SpatialCommunications of the ACM - Vol.˚38(8) -Marshall, C. C. / Shipman, F. M. / Coombs, J.H. "VIKI: Spatial Hypertext Supporting EmergentStructure"; in [ECHT’94].Marshall, C.C. / Halasz, F. G. / Rogers, R. A. /Janssen, W. C. "Aquanet: A Hypertext Tool toMcAffer, J. "Meta level Programming withComputer Science nr. 952, Springer-Verlag,OOPSLA’86 Proceedings, ACM Press, 1986.Meyrowitz, N. "The missing link: Why we’re allSociety of Text", The MIT Press, Cambridge,Mylonas, E. / Heath, S. "Hypertext from the DataPoint of View: Paths and Links in the PerseusProject"; in [ECHT’90].Communications of the ACM, Vol. 37(2), AprilNelson, T. H. "All for One and One for All"; inNewcomb, S. R. / Kipp, N. A. / Newcomb, V.Structuring Language"; Communications of theACM, Vol. 34(11), November ’91.Press, 1990.N�rnberg, P. J. / Leggett, J. J. / Schneider, E. R./ Schnase, J. L. "Hypermedia Operating Systems:A New Paradigm for Computing"; in [HT’96].

- 158 -flsterbye, K. / Wiil, U. K. "The Flag TaxonomyProceedings, ACM Press, 1996. See alsoPaepcke, A. "PCLOS: stress testing CLOS";ECOOP/OOPSLA’90 Proceedings, ACM PressParunak, H.V.D. "Don’t Link Me In: Set BasedPearl, A. "Sun’s Link Service: A Protocol forOpen Linking"; in [HT’89].[Poltock’96]Poltrock, S. E. "Keynote address at the 2ndHypertext ’96, Washinton D.C." SeeRao, R. "Implementational Reflection in Silica";Verlag, 1991.Remde, J. R. / Gomez, L. M. / Landauer, T. K.Exploration � Hypertext ?"; in [HT’87].Rizk, A. / Sauter, L. "Multicard: An OpenRumbaugh, J. Blaha, M. / Premerlani, W. / Eddy,Design"; Prentice Hall, 1991.Sawhney, N. / Balcom, D. / Smith, I.[Schackelford,Smith,Smith’93]Schackelford, D. E. / Smith, J.B. / Smith, F.D,the Macintosh"; Hayden Book Company, 1986.Sch�tt, H. / Streitz, N. "HyperBase: ABase Management System"; in [ECHT’90].Smith, J.B. "Invited statement at the 2ndHypertext ’96, Washinton D.C." SeeSmith, J. B. / Smith, F. D. "ABC: A HypermediaSmith, K.E. / Zdonik, S. B. "Intermedia: A CaseProceedings, ACM Press, 1987.Steyaert, P. / De Meuter, W. "A Marriage ofLecture Notes in Computer Science nr. 952,Steyaert, P. / Codenie, W. / D’Hondt, T. / Lucas,C. / Van Limberghen, M. "Nested Mixin-Methodsin Computer Science nr. 707, Springer-Verlag,Steyaert, P. / De Hondt, K. / Demeyer, S. / DeFrameworks"; In Patel D. / Sun, Y. / Patel, S.Systems"; Springer-Verlag, 1995. Available onSteyaert, P. / De Hondt, K. / Demeyer, S. /CRC Press Inc., Boca Raton, Florida, 1996.

- 159 -Udell, J. "Componentware"; BYTE- May ’94.in Tools-USA’96 Proceedings, Prentice Hall,Vanzyl, A. J. "Open Hypermedia Systems:Comparisons and Suggestions for ImplementationStrategies" in [Wiil,flsterbye’94].Weinand, A. / Gamma, E. / Marty, R. "ET++,C++"; OOPSLA’88 Proceedings, ACM Press,Wiil, U. K. / Demeyer, S. (Ed) "Proceedings ofScience, University of California, Irvine, CA92717-3425. See alsoWiil, U. K. / Leggett, J. J. "Hyperform: UsingExtensibility to Develop Dynamic, Open andDistributed Hypertext Systems"; in [ECHT’92].Wiil, U. K. / Leggett, J. J. "Concurrency Controlin Collaborative Hypertext Systems"; in [HT’93].Wiil, U. K. / Leggett, J. J. "The HyperDiscoWiil, U. K. / flsterbye, K. (Ed) "Proceedings ofSystems"; Technical report R-94-2038 / Institute94-workshop/.Wirfs-Brock, R. J. / Johnson, R. E. "SurveyingCommunications of the ACM - Vol. 33(9) -Wirth, N. "Algorithms+DataWuyts, R. "Class-Management using LogicalYankelovich, N. / Meyrowitz, N. / van Dam, A.Computer - October ’85.System: The Concept and Its Implementation";OOPSLA’92 Proceedings, ACM Press, 1992.Yokote, Y. / Teraoka, F. / Tokoro, M. "AZellweger, P. T. "Scripted Documents: A

- 160 -

Abstract Class 47Abstract Communication Types 61, 144Definition 8Apertos 61, 144ApplFLab 62Augment 9Authority control 25Chimera 17CLOS meta-object protocol 61CodA 61, 144component 80Componentware 12, 15Computational Reflection 59Concrete Class 47Configurability 82Configuration Level Tailorability 32, 64, 66Puppet Master Metaphor 32Contract 52CSCW 9, 35DDE 15Design Pattern FormAnalysis 72Class Diagrams 73Contract 72Intent 72Issues 72Motivation 72Problem 72Relations 73Solution 72Title 71ApplFLab 51DHM 16distribution 2Domain Level Tailorability 31, 64, 65Puppet Master Metaphor 32Don’t Call Us, We’ll Call You 47Dynamics 83event passing 109extensibility 2, 82extensible link engine 24Microcosm 15GDSS 35Microcosm 15Group Decision Support System 35HB0-3/SP0-3 17link 87HOSS 17HTML 18HTTP 18Definition 8Definition 8instantiation 80interoperability 2, 15, 24, 80

- 161 -Link 87Definition 8link engine 87link protocol 24link service 15Linking Protocol 11locking 25Mapping Conflict 56Mapping Decision 56Mapping Dilemma 56Memex 9Microcosm 15navigation 87Definition 8notification 26Definition 46Applications 24Data Formats 23Platforms 25Size 23Definition 22Flag Taxonomy 27Flag Classification 28Tailorability Levels 31Open Implementations 56protocol negotiation 25Definition 60Research Hypothesis 1 3, 148Research Hypothesis 2 3, 148Research Hypothesis 3 4, 149seamless integration 87link 87SOM 62, 144link 87Structural Objects 76Sun’s Link Service 17System Level Tailorability 31, 64, 65Puppet Master Metaphor 32link 87unawareness constraint 80, 88, 108URL 18navigation axis 31presentation axis 31storage axis 30

- 162 -List of Figures

Hypermedia Research Agendas............................................................................................... 11 14 20 27The Flag Taxonomy............................................................................................................ 28Some Meaningful Configurations for the Flag 28The Zypher Design Space..................................................................................................... 31 32Sensitive Regions in a User-Interface...................................................................................... 48 48 50Framework & Hot Spots...................................................................................................... 51 57 58Computational Reflection 59 60 64Combinations of components and instantiations 83 97Overview of the Structure.................................................................................................... 107 108 130Logging the Navigation Contract.......................................................................................... 150 81 89 95 101 104 110 111 112 118 121 123 133

- 163 -Identification of origin point....................................................................................... 140Start resolution process 140Resolution process 141Target identification (a).............................................................................................. 141 142 142Target presentation (b)............................................................................................... 143

- 164 -Detailed Table of Contents

Table of Contents vThe Zypher Experiment 1 2 5Open Hypermedia 6Hypertext & Hypermedia........................................................................................................ 7 7A Guided Tour of Hypermedia........................................................................................ 9 21 22Open Hypermedia Definition & Requirements................................................................. 22 26The Flag Taxonomy of Open Hypermedia Systems.......................................................... 27 29The Zypher Perspective........................................................................................................ 30 30 31The Puppet Master Metaphor....................................................................................... 32 33 35 41Object-Oriented Software Engineering 44 44 44 46Object-Oriented Frameworks........................................................................................ 46Implementing Frameworks.......................................................................................... 47 51 54Meta-object Protocols.......................................................................................................... 56 56What is Meta ? 58 62The Zypher Contribution 63Three levels of tailorability: a Recapitulation.................................................................. 63 65 66 67 68

- 165 -The Zypher Design The Zypher Software Artefact The Zypher Design Pattern Form........................................................................................... 71Data Structures For An Interoperable Hypermedia Framework 78 78Analysis 78 80 80 81 82 84 84 84Navigation: Provide Seamless Integration................................................................................ 86 86Analysis 86 88 88 89 91 91 91 92A Design Space For A Hypermedia Framework Resolver: The Core of an Extensible Link Engine..................................................................... 94 94Analysis 94 95 95 95 96 98 98 98 100 100Analysis 100 100 100 101 102 102 102 103 103Analysis 103 103 103 104 104 105A Layered Hypermedia Framework Events: Co-ordinate Functional Layers................................................................................... 107 107Analysis 107 109

- 166 - 109 110 113 114 114Tailorability In An Open Hypermedia Framework 116 116Analysis 116 118 118 118 125 127 129 129 130 130Analysis 130 131 132 133 135 136 137 137Protocols in an Open Hypermedia Framework Navigation Template: Specifying The Control Flow 138 138Analysis 138 139 139 139 143 144Conclusion & Appendices Wrap Up................................................................................................................. 146 148 149 153 154 160List of Figures 162 164Aposition / Bijstelling........................................................................................................ 167

- 167 -Aposition / Bijstelling

Group decision processes on the world-wide web must be supported bystructured communication to improve information exchange andunstructured communication to cope with meta-discourse.With the appearance of the world-wide web [Berners-LeeEtAl’94], people are confrontedwith a tremendous increase in communication facilities. However, extra communicationfacilities do not necesarily improve information exchange. This phenomenon can beobserved in discussions on bulletin board systems, newsgroups and mail lists: suchdiscussions quickly lose focus and rarely come to a conclusion. If they come to aconclusion, it is because the group managed to structure its communication process, forGroup decision support system (GDSS) research is especially concerned with the questionhow structured communication processes improve decision making. GDSS likeGroupSystems [NunamakerEtAl’91], COPE [Eden,Ackermann’92] and DSide [Kenis’95],depth of analysis each alternative is considered with and enlarging the participation of allthat individual group members often feel constrained by the structure, among others for notsupporting meta-discourse [Conklin,Begeman’88]. Hence the requirement for some kindIn a synchronous-proximate setting (i.e. all group members gather at the same time, in thesame place), unstructured communication is usually accomplished by some form of verbalcontact (mostly through the facilitator). However, experiments that abandon the meetingroom can not rely on verbal contact and need other unstructured communication channels.During an experiment with the DSide version accessible via the world-wide web[KenisEtAl’96] we found out that participants used e-mail as a natural communicationThe use of unstructured communication for meta-discource can be observed in otherexperiments as well. GroupSystems has been tested in a synchronous-remote settingvideo conferencing. COPE has been tested in an asynchronous-proximate settingBerners-Lee / Cailliau, R. / Luotonen, A. / Nielsen, H. F. / Secret, A. "Theworld-wide web"; Communications of the ACM - Vol.˚37(8) - August ’94.

Meta-discourse, as opposed to communication about the topic, is communication about the

- 168 -R. P.; Watson, R. T.; Kinney, S. T.); Van Nostrand Reingold, 1992.Decision Support Systems Applying Delphi Principles"; PhD. at the University of Utrecht, 1995.Kenis, D. / Demeyer, S. / Mar�shall, T. / Boyen, N. "Concluding Session using the DSideGDSS System"; EURO GDSS Workshop, Tilburg University, Netherlands; 20/21st April 1995.Kenis, D. / Lybaert, W. / Mar�shall, T. "D-Side: a Worl-Wide Web Based GDSS"; EUROGDSS Workshop, Grenoble, France; 27/28 March 1995.Conklin, J. / Begeman, L. "gIBIS: A Hypertext Tool for Exploratory PolicyDiscussion"; CSCW’88 Proceedings, ACM Press, 1988.Nunamaker, J.F. / Dennis. A. R. / Valachi, J. S. / Vogel, D. R. / George, J. F."Electronic Meeting Systems to support Group Work"; Communications of the ACM, Vol. 34(7), July