Vrije Universiteit BrusselFaculteit Wetenschappen

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 1 / 14

Ending the Tyranny of the Link:Adding Paths to the Dexter-modelSerge DemeyerVrije Universiteit Brussel / Faculty of SciencesProgramming Technology Lab (PROG)Pleinlaan 2B-1050 Brussels, Belgiumphone: (+32) 2 629 34 91e-mail: sademeye@vnet3.vub.ac.behttp://progwww.vub.ac.be/ABSTRACTHypermedia technology is a potential benefit for all computer applications that deal with information.To penetrate new markets, hypermedia systems should be tailorable to specific application domains. Weclaim that an open, extensible hypermedia system is crucial to attain such tailorability. A hypermediasystem should be capable to integrate 1) facilities for incorporating vendor-independent documentviewers and 2) flexible linking facilities that access external information repositories.This document describes how we extended the Dexter model with the "path" concept, to modelhypermedia systems with extensible link engines. We show that paths absorb the notion of links andmake it possible to integrate various strategies for resolving links. This proves our claim that "paths endthe tyranny of the link". This is demonstrated with a case from the Software Engineering Community: aframework browser. The case involves a hypermedia system that integrates a home-cooked world-wideweb browser, an off-the-shelf word processor (Microsoft Word) and a programming environment forSmalltalk (VisualWorks). Besides interpreting embedded (HTML style) anchors, the system is able toquery the Smalltalk environment to link documentation to Smalltalk source code. The case serves as aproof of concept that an extensible hypermedia system can penetrate specific application domains.Keywords: Hypermedia, Open hypermedia systems, Dexter, Zypher, Software Engineering, Object-oriented framework, Design pattern, Framework browser.1.INTRODUCTIONWithin the hypermedia community lives a bizarre attitude towards the link concept. In hypermedia, linksare the means to relate distinct chunks of data and thus essential for shaping the complex informationstructures envisioned in the field. But in most hypermedia systems, links are very static in nature. Thisexplains pejorative statements like "link = goto", "linking considered harmful", "ending the tyranny ofthe link", �. We observe a mismatch between the static link structures of today’s hypermedia systemsand the dynamic information structures in specific application domains. Although hypermediatechnology is a potential benefit for all computer applications that deal with information, the static linkstructures hinder the adoption of such hypermedia technology in domain-specific applications. To solvethis, links should become a dynamic element of hypermedia systems, exploiting knowledge insidevarious information repositories for presenting dynamic information structures.The Dexter Hypertext Reference model [Halasz,Schwartz90] is a de facto standard serving as the basisfor several of today’s hypermedia systems. As such, it is sometimes seen as the typical example of thecurrent generation of monolithic hypermedia systems. One of the known deficiencies of the model isprecisely its limited capabilities to express dynamic link behaviour. The Dexter model should beequipped with an extensible link engine.We add the path concept to the Dexter model in order to model hypermedia systems with extensible linkengines. Paths absorb the notion of links and make it possible to integrate various strategies for resolvinglinks. The approach is demonstrated with an experimental hypermedia system called Zypher1. Zypherintegrates a home-cooked world-wide web browser, an off-the-shelf word processor (Microsoft Word)and a programming environment for Smalltalk (VisualWorks). Besides interpreting embedded (HTMLstyle) anchors, the system is able to query the Smalltalk environment to link documentation to Smalltalk

1The name Zypher stems from the Louis Zypher character performed by Robert De Niro in themovie "Angel Heart".

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 2 / 14 source code. Such a hypermedia system is an ideal vehicle to document an object-oriented framework asthe system allows one to look at the source-code from various angles, guided by the documentation.That is why we call such a software artefact a framework browser.1.1.Document OrganisationSection 2 defines some terminology. Monolithic hypermedia systems are contrasted with openhypermedia systems by studying link facilities and third-party application integration. Section 3 gives ashort overview of the original Dexter specification and proposes some modifications to turn themonolithic Dexter model into an open one. Basically, we rearrange some Dexter concepts to cope withthe problems of third-party application integration and introduce the path concept to handle special linkbehaviour. Section 4 demonstrates the possibilities of the revised Dexter model by means of animplementation called Zypher. This implementation is used to construct a framework browser. Section 5describes related work in the hypermedia and the software engineering community. Section 6 restatesthe importance of an extensible link engine. Finally, section 7 makes concluding remarks.2.TERMINOLOGY2.1.Monolithic vs. Open Hypermedia SystemsOne of the original goals of the Dexter Hypertext Reference model [Halasz,Schwartz90] was to define ahypermedia interchange standard for a wide range of existing and future hypermedia systems. Themodel attempted to capture the state of the art of that time’s most prominent hypermedia systems. Assuch, the Dexter model had a considerable impact on all later hypermedia systems; some hypermediasystems even initiated their design using the Dexter specification2. Nowadays, the Dexter model isregarded as the representative for the generation of monolithic hypermedia systems. Several authors (see[Halasz91], [Legget,Schnase94]) pointed out that monolithic systems lack important functionality thatprevent hypermedia from finding widespread use. The emerging generation of open hypermedia systems(OHS) [Wiil,flsterbye94] tries add this lacking functionality and the work described here is part of thatjoint effort.This document focusses on two particular issues in open hypermedia research, namely extensible linkengines and third-party application integration. Several examples from existing hypermedia systems willbe used to qualify the discussion. Related work will be described in section 5.2.2.Static and Dynamic LinksOne of the issues in the area of OHS is to "end the tyranny of the link" [Halasz91]. Besides traversingstatic graph-structures, hypermedia systems should be able to navigate non-graph structures as well avirtual graph structures. Typical examples for non-graph structures are the set-based model of Parunak[Parunak91] (links depend on a topological ordering of nodes using sets) and the spatial layouts ofAquanet [Marshall,Shipman93] (links are derived from the relative positions nodes take in a two-dimensional layout). Prototypes for virtual structures can be found in many settings. We name but a few:Trellis [Stotts91] (links are based on the computational model of petri-nets), QRL[CharoentkitkarnEtAl93] (links are based on fast string searches making use of full-text indexingtechniques) and MacWeb [Nanard,Nanard93] (links jump to synthesised virtual documents: documentsthat are created at navigation-time). In this document, we will use the name dynamic links to refer to thehypermedia components that relate non-graph structures and virtual graph structures. The adjectivedynamic stresses the fact that the endpoints of the link are produced by some computation. This is incontrast with the traditional static links, where the end-points of the link remain constant once the link iscreated.We observe static and dynamic links in the popular world-wide web (WWW) [Berners-LeeEtAl94] aswell. In most occasions, HTML links represent static graph structures used for simple navigation: nearlyall anchors embedded in a HTML document contain a fixed reference to another document. Activatingsuch an anchor brings up the referenced document, sometimes with a target area selected. But an anchorcan also trigger a ’computation’ on the WWW server that returns a HTML document. Such anchors arepart of a virtual structure and represent dynamic links. Other examples for dynamic links can be found inWWW servers that construct HTML documents on the fly [DuvalEtAl95].

2Notably DeVise hypermedia-DHM [Gr¿nbaek,Trigg94] and the Amsterdam Hypermedia Model-AHM [Hardman,Bulterman,VanRossum94].

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 3 / 14

The evolution of static links to dynamic ones calls for hypermedia systems that elevate link behaviour sothat different link resolving techniques can be exploited. That is precisely the aim of our work: to build ahypermedia system with an extensible link engine. We extend the Dexter-model with paths, that areresponsible for the management of links. Paths are equipped with a set of named resolvers so that linkfunctionality can be encapsulated in separate plug-and-play modules. The default behaviour supportsstatic navigational links, but plugging extra resolvers extends the systems link behaviour. Examples ofpowerful resolvers are described in section 4.2.3.The Interoperability ProblemAnother important subfield in OHS research investigates how to integrate third-party applications asdocument presenter programs. In the OHS field this problem is referred to as the interoperabilityproblem. When integrating third-party applications, hypermedia systems tend to dissolve in thebackground of the operating system, playing the role of so-called link services. Hypermedia link serviceshave much in common with the clipboard concept in recent desktop environments like System 7,Microsoft Windows and OS/2. Users are free to use their favourite applications (word processors,drawing packages, spreadsheets, mail applications, etc.) to manipulate information and just like they cantransfer data to and from the clipboard (by issue a command like cut/copy/paste), they can register andactivate links in the background link service (by issue a command like create anchor /follow link/�).The hypermedia system communicates with the corresponding applications to produce the desired effect.In OHS the term viewer is used to refer to an application that presents documents to the user. This is amisleading term as the application allows users to modify the contents of the document as well.Nevertheless, in the rest of the paper we will adopt this terminology when referring to an application thatpresents and edits documents as part of the overall hypermedia functionality.Examples of third-party application integration can be found in Microcosm [Davis,Knight,Hall94],Proxhy [Kacmar,Leggett91] and Chimera [Anderson,Taylor,Whitehead94]. Most world-wide webbrowsers offer limited facilities for third-party application integration as well. Applications like Mosaicand Netscape manage a list of external applications that can be called to handle special documentformats.Third-party application integration is currently a hot topic in OHS research. It is a promising subfield(certainly in the light of emerging interprocess standards like OLE and OpenDoc) and in the followingsections we will elaborate on the interoperability problem. Nevertheless, we would like to emphasise theimportance of extensible link engines. Hypermedia systems deal with personalised informationpresentation [Ashman94], so it is important how one can integrate information viewers of the user’schoice (and not of the system’s choice). But the way the information is organised is at least as important,which means that Hypermedia systems should be able to interpret the information structures of the user’schoice as well. We propose an extensible link engine as the instrument to build and inspect personalisedinformation structures: it allows a user to express and examine relations between information-chunks theway he or she wants, not the way the hypermedia system dictates it. In sections 4.3 and 4.4 we will showhow we reached that goal.3.VIEWING THE DEXTER DESIGN WITH OPEN EYESThe previous section focused on two important issues in open hypermedia research: extensible linkengines and interoperability. Now we are going to describe how we turned a monolithic hypermediamodel into an open one. We start with a brief discussion on the original design of the Dexter model andthen rearrange the Dexter concepts to cope with the interoperability problem. Afterwards, we willintroduce the path concept to enable the integration of different link resolving strategies and attain thedesired goal: an extensible link engine.3.1.The Original Dexter DesignThe design of the Dexter model aimed to solve well-known problems for the generation of monolithichypermedia systems. In short these problems are¥How to encapsulate the format used to describe the information inside the building blocks of thehypermedia network ?¥What are the best mechanisms to structure the hypermedia network itself ?¥How can one access, manipulate and view the information inside the hypermedia network ?

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 4 / 14

Dexter addressed these problems with a 3-layer architecture (within layer, storage layer, run-time layer),each one responsible for managing a segment of the problem space. Each layer consists of a set ofconcepts that serve as building blocks to model the hypermedia. Concepts exist that model the transitionfrom one layer to the other as well. We will briefly discuss the concepts that matter to the rest of thedocument; for an extensive description of the Dexter model we refer to the original paper[Halasz,Schwartz90].The within layer does not comtain concepts relevant in the following discussion. The storage layerdefines:¥atomic components: chunks of information; in traditional hypermedia terminology this correspondsto nodes¥anchors: a reference to a substructure of a component¥link components: a collection of references to other components; a reference includes a componentspecifier, an anchor (identifier) and a traversal direction¥presentation specifications: primitive values in an unspecified format specifying how thecomponents should be presented to the user¥component specifiers: primitive values in an unspecified format¥resolver-function: is able to translate a component specifier in a componentThe run-time layer defines:¥instantiations: the run-time equivalents of components¥markers: the run-time equivalents of anchors.It is interesting to see how the transition from one layer to another is accomplished. The Dexter modeldefines two concepts: hypertext (representing the storage layer) and session (representing the run-timelayer), that serve as repositories for all the objects in the corresponding layer. More importantly, theseconcepts model the transition from the lower layer to the layer they represent. In other words, thehypertext concept knows how to map contents on components (anchor values on anchors) and knowshow to store and retrieve the information inside components (anchors). The session concept knows howto map instantiations and markers on components and anchors, display and edit instantiations (by aninterpretation of the presentation specifications associated with the corresponding component) anddisplay and manipulate the hot spots inside the instantiation (based on the markers associated with thedeparting links).Another matter that needs some attention is Dexter’s link semantics. When an application activates amarker, the corresponding anchor is used to look up the actual link. The directions associated with thedifferent end-points of the link are applied to filter out the target end-points that will be presented to theuser. Such end-points consist of anchors, components and presentation specifications. The componentsand anchors are retrieved by the storage layer and mapped on instantiations and markers with the run-time layer. Finally these run-time components are presented to the user, depending on the presentationspecifications found in the corresponding end-point.We finish this overview with an examination of dynamic links in the Dexter model. According to theoriginal specification, each endpoint of a link contains a component specifier, which is an indirectreference to a component. Each component specifier is passed through a resolver-function (defined onthe hypertext and session concept) that returns the actual component. For static links such a componentspecifier contains the globally unique identifier of the component it refers to. To provide for dynamiclinks one constructs endpoints using "computed" component specifiers and makes sure the resolver-function is able to resolve these specifications.3.2.Dexter and the Interoperability ProblemAs noted in [Legget,Schnase94], the Dexter model aimed at a closed system architecture: Dexterimplicitly assumes that the applications making up the within and run-time layers are known in advance;Dexter wants all the hypertext structures to be modelled inside the storage layer and supposes that allcomponents live in one and only one hypertext and that all anchors are valid in all hypertexts. Theseassumptions are invalid for open hypermedia systems.On the other hand, open hypermedia systems should at least tackle the same problems as closed systems,so it seems natural to build on the accumulated knowledge of the Dexter model. Moreover, as noted in[Gr¿nbaek,Trigg94], the Dexter design may help in solving the interoperability problem. A hypermediasystem that maintains links between documents managed by third-party applications needs some way torefer to substructures of such documents, irrespective of the actual contents of these documents. That isprecisely the role of the anchors in the Dexter model: mediating between the actual reference insidecomponents and the way this is represented in the storage layer. In Dexter, an anchor is an object having

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 5 / 14 an identifier and a value. As far as the hypermedia system concerns it manipulates complete anchors andanchor identifiers; applications dealing with the within layer (i.e. the third-party document viewers)interpret the anchor values to defer the actual substructure the anchor refers to. In much the same way,presentation specifications were necessary in Dexter to capture device dependent display information.The hypermedia system is able to attach presentation specifications to the objects it handles; the actualapplications are able to interpret those specifications and turn them into actual presentations.So Dexter provides the means to model hypermedia structures managed by third-party applications. Butto model an actual OHS, Dexter lacks a way to refer to the external viewers themselves. Hypermediasystems like Microcosm [Davis,Knight,Hall94] and Proxhy [Kacmar,Leggett91] furnish some kind ofinterpreters mediating between the hypermedia system and the external applications. Following theDexter philosophy, it seems natural to attach those interpreters to the transition concepts hypertext andsession.We adapt the Dexter model to deal with such interpreters: a set of named loaders is added to thehypertext concept and a set of named editors to the session concept. Each loader mediates between thehypermedia system and external applications that are able to store and retrieve the contents of storagelayer objects from sources outside the hypermedia system (file system, databases, �). An editortranslates the contents of the components into a form that can be manipulated by external applications.The question rises how the model is able to know which loader/editor to call for a certain object. For thispurpose, we added a tag attribute to all objects in the storage and run-time layer. This tag is used to lookup the named loader/editor in the corresponding layer. Tags are very important to enable run-timeextensions of hypermedia systems.A complete protocol between the concepts in the different layers is defined, but it is beyond the scope ofthis document to go into the details. We refer to section 4.2 for examples that illustrate how thisarchitecture is able to integrate third-party applications as document viewers.3.3.Incorporating an Extensible Link EngineAmongst others, [Legget,Schnase94], [Gr¿nbaek,Trigg94], [Gr¿nbaek,Hem,Madsen94], [Gr¿nbaek94],[Garzotto,Mainetti,Paoline94] have criticised the original Dexter model, because of its limitedcapabilities to manipulate dynamic structures based on information residing in external repositories.Surely the model provides computational links, but the computations are bound to obtain there inputfrom the storage or the run-time layer. Computational links can express queries like "Return allcomponents that are linked to a component updated today" because the query system can inspect thehypermedia structure (the hypermedia network is defined in the storage layer) and attributes containinginformation like the last modification date. Things get more complicated when we need a computationallink returning all the components mentioning the word "hypermedia". This requires the resolver-function(part of the storage layer) to be expressed in terms of within-layer concepts, which violates the layeringprinciple of the Dexter model.But even if one tolerates a resolver-function that is not Dexter compliant, there are fundamentalshortcomings with respect to dynamic structures. The least of the problems is that it is not determinedhow to extend the link engine: the Dexter specification does not say how one can construct specialpurpose component-specifiers and adapt the resolver function accordingly. Worse is that the resolver-function is designed to handle the simplest forms of dynamic structures (i.e. links where one end-point isfixed and the other one is computed). Links based on searching (like the "generic links" in Microcosm[DavisEtAl92]) fit in the resolver-function model, but it is almost impossible to shape non-graphstructures like the set-based model of Parunak [Parunak91] or the spatial layouts of Aquanet[Marshall,Shipman93]. Not to mention applications like the Geographical Information Systemsenvisioned in [Bieber,Kacmar95].The intrinsic problem of the Dexter model (and all other link-based hypermedia systems) is that it sticksto the notion of links to build information structures resembling graphs. But most information structuresare maintained outside hypermedia systems and many do not fit well in a graph. This means that peoplewho want to incorporate external information structures in a link based hypermedia system �i.e. peoplethat tailor a hypermedia system to a particular application domain� will encounter problems.We propose an extensible link engine as a solution. An extensible link engine is free to chose the linkingmodel that best suits the needs of the information structure it represents. To incorporate an extensiblelink engine into the Dexter model, we add a fourth linking layer to the Dexter model that contains oneconcept equivalent to the hypertext and session concepts: paths. Paths are equipped with a set of named

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 6 / 14 resolvers and each resolver implements one link resolving strategy. The final model is depicted in figure1. The linking semantics of this extended model is as follows. When a marker is activated on aninstantiation, the action is passed to the path with the corresponding component and anchor. With everyanchor a linking tag is associated, identifying the resolver that is supposed to handle the requested linkactivation. The resolver does whatever it finds appropriate, but is supposed to return control to thehypermedia system with the protocols defined on the run-time layer. The resolver is allowed to accessthe resources in the storage and the within layer3.WITHINLAYERSTORAGELAYERRUN-TIMELAYER- content values- anchor values- atomic components- anchors(- link components)- identifiers- attributes- directions- instantiations- markers- presentation specifications- component specificationsHYPERTEXT{loaders}SESSION{editors}LINKINGLAYERPATH{resolvers}Figure 1: The extended Dexter modelNote that the introduction of a linking layer has an important side-effect: links become a less essentialpart of the hypermedia structure (in figure 1 the link components are surrounded by parentheses torepresent this idea). Indeed, links are but one way to represent relations between components; resolversare free to use different representations. This proves our claim that the introduction of paths ends "thetyranny of the link" [Halasz91]. Again, we will use the examples in section 4 to show the architecturecan handle various link behaviour.3.4.Wrap upThe insight that the Dexter architecture is unable to deal with the interoperability problem led to theintroduction of loaders and editors communicating with external applications. A new linking layercontaining the path concept (and the notion of resolvers) was added, in order to model an extensible linkengine.In the next section we will illustrate the possibilities of this open architecture, in particular the power ofthe extensible link engine, by means of a case-study involving a framework browser.4.ILLUSTRATING EXAMPLESTo demonstrate the possibilities of the extended Dexter architecture we implemented a hypermediasystem called Zypher based on the model proposed in section 3. Zypher is an extensible hypermediasystem tailorable to specific application domains. Zypher is created in Smalltalk and takes the form of anobject-oriented framework.4.1.Frameworks, Design patterns and Framework browsersWe will use a software artefact called a framework browser to show that Zypher is able to incorporatevarious link resolving strategies and to co-operate with external applications. It is beyond the scope ofthis document to go into an extensive discussion of the software engineering concepts of frameworks,nor the techniques supporting the construction and documentation of frameworks. We refer theinterested reader to [Johnson92], [Beck,Johnson94], [GammaEtAl93]. However, a brief explanation isneeded to grasp the argumentation in the following sections.

3Observant readers will notice that this violates the encapsulation enforced by the layeredarchitecture. A Path is allowed to peek into other layers, because it is a meta-object in an openimplementation [Rao91]. The technical argumentation is beyond the scope of this paper.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 7 / 14

An object-oriented framework is a software engineering technique that supports software reuse inobject-oriented programs. Classical object-oriented programming languages tend to focus on the reuse ofcode. Although this is generally considered a benefit, it is widely accepted that the reuse of design ismore important. Object-oriented frameworks aim upon the latter. An object-oriented framework consistsof classes, objects, methods, protocols that together form some kind of solution templates for a certaindesign space of problems. Filling in these templates results in an application that belongs to the designspace. In the following, we will use the term framework to denote the concept of an object-orientedframework.Since design is so important, an important stream of research in object-oriented frameworks investigateshow to recognise the design in a large and complex object-oriented program. In these circles, peoplelook at software design as an artistry rather than as an engineering activity. They start from theassumption that good designers have assembled a large collection of generally applicable solutions tosolve certain kinds of problems. A design pattern is such a solution that is written down in a systematicway. Design patterns help a lot in communicating designs with other people and thus assist in describingthe building blocks of an object-oriented framework.A framework browser is a collection of software tools that helps programmers to inspect the designunderneath the code that implements it. One possible element of a framework browser is a hypermediasystem that links framework documentation (based on design patterns) to the framework code (i.e. theclasses, objects and methods) that implements a certain aspect of the design space. But the developmentof a framework is an iterative group process with many tight loops: in such a dynamic environment,maintenance of static links between a framework and its documentation is not feasible. Links should beestablished on the fly, exploiting knowledge residing in the programming environment used to constructthe framework. Therefore, a framework browser is an ideal case to demonstrate the power of anextensible link engine.4.2.The Documentation Browser: HTML and Microsoft Word in ZypherOur first step towards a framework browser is the construction of a set of document viewers that can beused to create and read framework documentation. We chose to adopt the popular HTML format[Berners-LeeEtAl94] as the basis for our documentation and integrated a home-cooked HTML-Viewerapplication in Zypher. This HTML-Viewer application was written in Smalltalk and it was fairly easy toincorporate it in Zypher.But we were not satisfied with this solution because a monolithic hypermedia system is not the rightapproach for framework documentation. When one describes the design of a framework, one wants toapply all software tools available: word-processors, software design packages, CASE-tools,spreadsheets, .... So, framework documentation systems should allow to integrate viewers of the user’schoice and not of the system’s choice. Hence we integrated Microsoft Word as an additional viewer. Wewant to stress the fact that we can integrate other third-party applications in Zypher as well, so theMicrosof Word application is just a representative for all other possible extensions.To incorporate the third-party document viewer, we extended the Zypher-framework with a specialpurpose editor that communicated with Microsoft Word using DDE (Dynamic Document Exchange)under Windows. We used the macro facilities in Microsoft Word to accommodate for the necessaryglue. Other authors ([Davis,Knight,Hall94], [Kacmar,Leggett91]) have shown that it is possible tointegrate less co-operative applications as document viewers and the same techniques can be used tointegrate them in Zypher.The integration of a third-party application confronted us with "the Editing problem" [DavisEtAl92]:when documents are edited outside the hypermedia system the maintenance of the linkbase become aproblem. Fortunately Zypher’s extensible link engine allows us to choose an appropriate solution. Weavoided the editing problem altogether by using embedded HTML links. Unlike traditional hypermedialinks �which are stored separately from the documents� a HTML link is embedded in the document.The document contains references to other documents (a HTML anchor, not to be confused with theanchor-concept in the Dexter model) that are interpreted at run-time when such a reference is activated.A HTML anchor has a particular format of the form <A href>marker</A>, where ’href’ representsthe actual reference and ’marker’ the visual representation of the anchor. HTML viewers are supposed toshow the visual representation only; the parts between <> should be hidden. Note that the introduction ofembedded links solves the editing problem but brings up the issue of maintenance of the overallinformation structure. In section 4.3 we will use the extensible link engine to implement an indirectiontechnique that may help in maintaining references.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 8 / 14

The result is depicted in figure 2: it shows the Microsoft Word application opened with a documentcontaining HTML anchors. Note that we set the "show hidden text" option in the Microsoft Word-application so we are able to see the hidden parts (i.e. bold-dotted underline) of the HTML anchor;normally only the underlined part is visible. When a person reading the document places the cursorinside the visual part of the anchor and chooses the "Follow ZypherLink" in the File-menu, the referencein the anchor is interpreted and the corresponding document is opened using the appropriate viewer. Inthe example, when a user follows the link starting from the "(1)" anchor, the Microsoft Word document"ptt0100.doc" will be opened.Figure 2: Microsoft Word document with HTML linksWhen implementing HTML resolvers for Zypher we were pleased to observe that we did not need thelink concept in the original Dexter model, which is reasonable for an embedded link approach since alllinks are stored inside the document, not in a separate linkbase. This follows from the way Zypherhandles embedded links, which is but a specific way for the overall handling of anchors. When an editoris opened on a document, the editor will pass all embedded link references to the path. The path willpass these references to the appropriate resolvers based on the first keyword in the reference. Theresolver will create an anchor holding the reference string and return the anchors to the path that returnsthem to the editor. The editor will create markers as the run-time representations for these anchors.Later, when the editor activates such a marker, the path will pass the activation to the appropriateresolver (based on the linking tag associated with the anchor) which will interpret the reference stringstored inside the anchor. No links are created in this process, which proves our claim that "paths end thetyranny of the link".Note that the above scheme allows us to use the same resolver for both the HTML and Microsoft Wordviewers (and in fact all other viewers that can hold text containing HTML anchors). All differencesbetween the two document viewers are handled in the run-time layer. This is due to the layering-principle of the Dexter model.4.3.Dynamic Structures: Named PatternsIn the previous section we have demonstrated that the Dexter extensions we propose allow us to copewith the interoperability problem and we saw a glimpse of the extensible link engine. This section willelaborate on the latter: the extensible link engine will be used to implement an indirection technique.The link engine (= the path) in the previous experiment consisted of a set of named resolvers thatinterpret the classical HTML anchor types. There is one resolver for each possible anchor type: file, http,

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 9 / 14 ftp, gopher, .... The path can easily pass each HTML anchor to the appropriate resolver since eachHTML anchor is preceded by a keyword that represents its type. For all following experiments we willaugment the set of acceptable keywords to extend the link engine. Although this says a lot about theextensible nature of HTML links, we want to point out that this does not diminish the value of theZypher system. The open format of HTML links simply allows us to integrate new resolvers easilybecause we can use the existing keyword recognising machinery. We can apply other approaches toattach types to anchors inside documents (i.e. an extensible menu in each viewer application containingthe names of all resolvers) but we chose not to in order to avoid "the Editing problem" mentioned above.It is beyond the scope of this paper to say more about how Zypher is extended. We refer the interestedreader to [Gr¿nbaek,Malhotra94] and [Wiil,Legett92] for a description of techniques that enable systemextensions without accessing the source-code of the overall implementation. Since Zypher isimplemented in Smalltalk similar techniques can be applied. We point out that Zypher is run-timeextensible and that adding new resolvers does not affect the rest of the implementation.Being able to navigate dynamic information structures inside a hypermedia system is our primemotivation for an extensible link engine. If we re-examine the previous experiment we see that theinformation structure is very rigid in nature. In figure 2 the link that starts at (1) is actually a reference tosome file in the file system that should be opened with the Microsoft Word viewer. But the author of thelink intended this to be a reference to a design pattern with the name "Abstract Factory". The limitationsof the underlying file system forced him to choose some bizarre naming convention which hinders themaintenance of the documentation. Since framework documentation evolves rapidly, one can not permitthe limitations of the underlying file system to obstruct the maintenance of the links.So we plugged in an extra "pattern" resolver that is able to resolve design pattern references by name.For the example in figure 2 the anchor is modified to the form <a HREF = "pattern: abstractfactory">. The resolver inspects a table maintained in a simple text-file to map pattern names on theactual file references. Moreover, the resolver inspects the state of the Zypher system to choose theappropriate document viewer. It chooses the Microsoft Word editor when available, otherwise it uses theordinary HTML Viewer4.The pattern resolver brings up the issue of composite resolvers. Just like the notion of compositecomponents (a component that is composed of other components) in the original Dexter model, we canimagine a composite resolver that is composed of other resolvers. The pattern resolver is in fact acomposite resolver that glues the effects of a name mapping resolver with those of a file referenceresolver. The potential of composite resolvers is enormous as we can create custom resolvers bycomposing off-the shelf resolvers with special abilities (i.e. query databases, inspect informationretrieval structures, ...). Such composite resolvers would make it easier to tailor a hypermedia system toa specific application domain, as one can reuse existing resolvers.4.4.More Dynamic Structures: Querying the Programming EnvironmentCurrently we have demonstrated that the extended Dexter model we propose allows us to cope with theinteroperability problem and handle an extensible link engine. It is now time to show that the real powerof such an extensible system lies in the fact that we are able to exploit knowledge inside externalinformation repositories to construct hypermedia structures. This allows a hypermedia system to browsecomplex and dynamic information structures maintained outside the hypermedia system, which isimportant when one wants to tailor a hypermedia system to a specific application domain.To illustrate this property we extended our Zypher system from the previous sections so that we are ableto link HTML documents with the Smalltalk code browser. The Smalltalk code browser is the primarymedium to inspect and change Smalltalk programs. Unlike traditional programming environments thattreat programs like large sequential texts, the Smalltalk browser is very "hypertexty". We refer to[Goldberg84] for more information on how the code browser actually works.For the experiment, we adapted the format of the reference inside HTML-anchors again. The keyword"browse:" is followed by references like "system" (to open the global system browser), "class X" (toopen a class browser on the class X), "class X method Y" (to open a method browser on the method Y inclass X), "sendersOf X" (to browse all methods that send the message X), "implementorsOf X" (tobrowse all methods that implement the message X). Then we extended the Zypher implementation with

4Currently, we use Microsoft Word as a document viewer on Windows-machines. All otherplatforms use the home-cooked HTML-Viewer to read framework documentation.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 10 / 14 an extra resolver that is able to interpret such references and opens the requested Smalltalk browser. Theresult is depicted in figure 3.figure 3: The framework browser in actionThe window in the back of figure 3 is a Microsoft Word document containing the "Object Factory"design pattern [GammaEtAl93]. The pattern contains an example on the application of object factories inthe MVC-Framework [Goldberg84]. The document-window is focused on the description of how thelink between the view- and controller-object is established. Again, we turned on the "show hidden text"option in the Microsoft Word viewer so we are able to see the hidden text (i.e. dotted underline)containing the HTML anchor <a href = "browse: implementorsOfdefaultController"> ... </a>. Following the link starting in this anchor opens a Smalltalkmethod list browser (the front-most window). The top pane of this window contains a list of alldefaultController methods in the Smalltalk system, the bottom one contains the source code ofthe selected method.Note that the contents of the method list browser depends entirely on the Smalltalk system. At the timethe link is established, the Smalltalk system will collect all methods that satisfy the query and presentthem using the browser. If a programmer chooses to override the defaultController method insome other class, the next time the link is followed the method list browser will contain the additionalmethod. This proves that �due to the extensible link engine� we are able to exploit knowledge insideexternal information repositories to maintain hypermedia structures.Nevertheless, explicit class- and/or method names are still needed to establish a link between thedocumentation and the framework. This resembles the situation in 4.2 where explicit file names wereused to refer to higher level concepts. This hinders the maintenance of the documentation. Currently, weare investigating how to extend the resolver with extra querying facilities that provide more support forframework browsers. We want to use the implicit contracts defined in the design patterns so that theexplicit references to class- and method-names can be omitted from the documentation.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 11 / 14

The experiment teaches us that the Smalltalk code browser is just another third-party viewer. It shouldbe possible to create and follow links from the Smalltalk code browser to the documentation and backagain. Such a set-up would constitute a real framework browser.Of course it is possible to integrate the Smalltalk code browser into the Zypher hypermedia system. Infact it is fairly easy, since the code browser can be tailored using the programming environment itself.But this is not what we plan to do since this would restrict the possible views on the framework. As is,the Smalltalk code browser provides a limited, class-oriented view on the framework structure. Sinceframework design is usually spread over several classes, a code browser should be able to inspectdifferent classes at the same time in the same viewer. Thus the layout of a code browser should changedepending on the particular viewpoint on that framework. Currently, we investigate how we can useZypher’s dynamic link engine to model structures inside object-oriented frameworks. We plan toimplement code browsers that build on this knowledge to display the important aspects and hide theothers.4.5.Wrap upSection 4.1 studied object-oriented frameworks, framework browsers and design patterns. Those termswere needed to understand the case-study in the following sections. Section 4.2 described how weincorporated documentation viewers in the Zypher system. Microsoft Word was chosen as arepresentative for all third-party applications that can be used to manipulate framework documentation.The experiment proved that Zypher is able to handle the interoperability problem. Embedded (HTMLstyle) links are used to avoid the problems with documents that can be edited outside the hypermediasystem. Section 4.3 contained a first example of the extensible nature of the link engine. A compositeresolver was used to map pattern name on actual documents. Composite resolvers enable theconstruction of new resolvers from off the shelf resolvers. Section 4.4 showed that Zypher’s extensiblelink engine is actually capable of exploiting information residing in external information sources. It usesthe Smalltalk code browser as another third-party application to view selected elements of theframework.5.RELATED WORK5.1.Extensible link enginesThere are lots of Open Hypermedia Systems around, most of them have been named in other sections.However, few of them mention an extensible link engine as an explicit feature. Nevertheless, systemslike DHM ([Gr¿nbaek,Trigg94], [Gr¿nbaek,Malhotra94]), Multicard [Rizk,Sauter92], Proxhy([Kacmar,Leggett91]), SP3 ([Legget,Schnase94]) are based on a software architecture that could beextended to provide for special purpose links. Also, all hypermedia systems supported by a scriptinglanguage (such as MacWeb [Nanard,Nanard93] and KMS [Ackscyn,McCracken,Yoder88]) are able totailor their link behaviour, but this is a side-effect rather than an explicit design feature.WWW-browsers can extend their link engines as well. The protocol supports communication withexternal applications, both on the server and on the client side. To extend the link engine, one willaugment the set of acceptable keywords like we described in 4.3. The server must then be adapted topass hypertext references starting with such a new keyword to a third party application that handles it.Some technical expertise is required in this process though. WWW-browsers have the fundamentalproblem that they are used for navigation only; modifying the structure should be done outside thesystem.Microcosm [Davis,Knight,Hall94] is �to our knowledge� the only system that supports a trulyextensible link engine. Viewer applications send tagged messages to Microcosm. Those messages arepassed through a filter-mechanism that interprets the messages and returns commands for the viewerapplications. However, we do not approve the message-format, because it violates the encapsulationprinciple of the Dexter model (run-time layer aspects are completely mixed up with storage layeraspects).5.2.Dexter extensionsThere are other people working on extensions of the Dexter model. DHM ([Gr¿nbaek,Trigg94]) startedfrom the Dexter specification, but stopped being Dexter compliant when investigating CSCW[Gr¿nbaek,Hem,Madsen94] and third-party application integration [Gr¿nbaek,Malhotra94]. Work wasdone on the composite-problem [Gr¿nbaek94] as well. The Dexter model has been tackled from a multi-

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 12 / 14 media perspective by [Hardman,Bulterman,VanRossum94] and [Garzotto,Mainetti,Paoline94]. Theformer adds timing information to links in order to synchronise multi-media presentations and usesspecial purpose composites as a multi-media authoring aid. The latter adopt composites (collections) tomodel new kinds of structures and navigation and shows that there are other possibilities besides links asthe basis for navigation.Especially DHM has much in common with our work. It is an object-oriented implementation for theDexter specification using advanced software engineering techniques like meta-object protocols[Rao91]. The system allows for third party application integration, partially based upon the anchor andpresentation specifications from the original Dexter design. The implementors saw that the Dexter modelwas underspecified and tried to correct this to suit their needs. However, DHM concentrates on anextended composite-concept to model dynamic structures, while we focus on the link engine. The twoapproaches are not necessarily incompatible.5.3.Hypermedia and Framework browsersThroughout the years, there have been several experiments to apply hypermedia technology in the fieldof Software Engineering: we will mention but a few. Chimera [Anderson,Taylor,Whitehead94] is �toour knowledge� the only system that demonstrates how third-party applications can be used to enrichsoftware development environments. Hyperpro [flsterbye,N¿rmark94] is used to link documentation tosource-code; a rule-system controls the way the source-code is presented to the user. The combination ofthe rule-system and the link engine is an example of dynamic links as defined in section 2.2. ChyPro[Amsellem95] applies hypermedia techniques to gain flexibility in a Smalltalk programmingenvironment, somewhat similar to that of Hyperpro. The ET++ Hypertext system [Pree94] is the onlyhypertext system that is explicitly related with the notion of object-oriented frameworks and designpatterns. The hypertext system was constructed to test the extensibility of the ET++ framework, not tosupply electronic documentation for an object-oriented framework.The literate Smalltalk Programming Environment described in [flsterbye95] comes close to what we calla framework browser. It consists of a simple hypertext model that supports text nodes (with embeddedanchors) as well as nodes representing Smalltalk classes and methods. The text-nodes are supposed tocontain documentation about the Smalltalk program at hand and contain embedded links that bring theuser to the actual Smalltalk code. The links that structure the Smalltalk nodes incorporate knowledgefrom the Smalltalk environment and dynamic (query) links are used to find all senders of .6.EXTENSIBLE LINK ENGINES REVISITEDWe claim that an extensible link engine is important because it permits a hypermedia system to choosethe linking model that is appropriate for the information structure it represents. This is inevitable if onewants to tailor a hypermedia system to a specific application domain.Although we did not show that we can deal with exotic information structures like the set-based modelof Parunak [Parunak91] or the spatial layouts of Aquanet [Marshall,Shipman93], we did show that pathsabsorb links (4.2) and model an extensible link engine that is able to access external informationrepositories (4.3 & 4.4).The question rises whether this is still hypermedia. After all, if one uses external informationrepositories to resolve links, one comes pretty close to what is commonly regarded as an informationretrieval system.The short answer is that this is not a relevant question. Hypermedia and information retrieval havealways been overlapping research domains and this will remain so in the future. If one calls Microcosm[Davis,Knight,Hall94] and QRL [CharoentkitkarnEtAl93] hypermedia systems, then so is Zypher.The long answer is that it is precisely the extensibility and interoperability that makes Zypher ahypermedia system, not an ordinary information retrieval system. The extensible link engine is able tohandle the static link/node model as well as it allows for search-and-query types of links. Static links cannot be omitted from a real hypermedia system because they allow humans to annotate information, toform trails, to organise data, in short to apply their human intellect to relate chunks of data to forminformation. Machines will never be able to be as creative as humans, so we must leave the ability tocreate simple static links. But using static links to maintain dynamic structures is not possible. So staticand dynamic ’links’ should go side by side. The interoperability aspect is essential because it offers theextra degree of freedom that separates hypermedia from other information manipulation systems. Theway the information is presented should be a users decision, not a systems decision.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 13 / 14

7.CONCLUSIONWith others in the hypermedia community, we believe that hypermedia technology is a potential benefitfor all computer applications that deal with information. The benefit offered by hypermedia is the extradegree of freedom that makes it possible to personalise information processing [Ashman94]. A user isfree to explore that fragment of the information he chooses with whatever tool he finds appropriate.However, this benefit comes at a cost: hypermedia technology implies more complexity. From a user’sperspective, the freedom of choice imposes a mental overhead, giving rise to the "lost in hyper space"phenomenon. From a system implementor’s perspective this complexity requires extra programmingefforts that are far too expensive. The work described here aims to solve the last problem.A tool kit approach can break the system implementor’s complexity barrier. Application developers mayuse the functionality supplied by the tool kit whenever appropriate. The real issue for Open HypermediaSystems is then how to ensure that the tool kit functionality is appropriate for a wide range of applicationdomains. Integrating third-party applications is an important aspect of the problem, but the incorporationof external information structures is at least as important. A case study in Software Engineering(framework browsers) supports our claim that an extensible hypermedia system equipped with anextensible link engine is the right tool to build hypermedia systems that can be tailored to anyapplication domain.8.ACKNOWLEDGEMENTSMuch of this work is influenced by the Workshop on Open Hypermedia systems [Wiil,flsterbye94].Kasper flsterbye and Uffe Kock Wiil (the organizers of the workshop) did a wonderful job in reviewingan earlier draft of this document.All of my colleagues and all of the proof-readers (Wolfgang De Meuter, Carine Lucas, Tom Mens) areto be acknowledged, but Patrick Steyaert and Koen De Hondt deserve special attention. I am grateful toProfessor Theo D’Hondt for setting up an inspiring environment in which this work has found its roots.The experiments concerning HTML are based on work Mark Plas.9.REFERENCES[Ackscyn,McCracken,Yoder88]Ackscyn, R.M. / McCracken D. L. / Yoder, E. A. "KMS: Adistributed hypermedia system for managingknowledge in organizations"; Communicationsof the ACM - Vol. 31(7) - July ’88. Also inHypertext ’87 Proceedings, ACM Press, 87.[Amsellem95]Amsellem, M. "ChyPro: AHypermedia Programming Environment forSmalltalk-80"; ECOOP’95 Proceedings,Lecture Notes in Computer Science nr. 952,Springer-Verlag, 1995.[Anderson,Taylor,Whitehead94]Anderson, K.M. / Taylor, R. N. / Whitehead, E. J. "Chimera:Hypertext for Heterogeneous SoftwareEnvironments"; ECHT’94 Proceedings, ACMPress, 94.[Ashman94]Ashman, H. "Opinion: What isHypermedia"; ACM SIGLINK Newsletter -Vol. 3(2) - September ’94.[Beck,Johnson94]Beck, K. / Johnson, R."Patterns Generate Architecture"; ECOOP’94Proceedings, Lecture Notes in ComputerScience nr. 821, Springer-Verlag, 1994. Checkhttp://st-www.cs.uiuc.edu /users /patterns/patterns.html for anonymous ftp.[Berners-LeeEtAl94]Berners-Lee /Cailliau, R. / Luotonen, A. / Nielsen, H. F. /Secret, A. "The World-Wide Web";Communications of the ACM - Vol. 37(8) -August ’94.[Bieber,Kacmar95]Bieber, M. / Kacmar, C."Designing Hypertext Support forComputational Applications"; Communicationsof the ACM - Vol. 38(8) - August ’95.[CharoentkitkarnEtAl93]Charoenkitkarn, N. /Tam, J. / Chignell, M. H. / Golovchinsky, G."Browsing Through Querying: Designing forElectronic Books"; Hypertext’93 Proceedings,ACM Press, 93.[Davis,Knight,Hall94]Davis, H. / Knight, S./ Hall, W. "Light Hypermedia Link Services: AStudy of Third Party Application Integration";ECHT’94 Proceedings, ACM Press, 94.[DavisEtAl92]Davis, H. / Hall, W. / Heath,I. / Hill, G. "Towards An IntegratedInformation Environment with OpenHypermedia Systems"; ECHT’92 Proceedings,ACM Press, 92.[DuvalEtAl95]Duval E. / Olivie H. /O’Hanlon P. / David G. Jameson "HOME: anEnvironment for Hypermedia Objects" Journalof Universal Computer Science - Vol 1(5) -May 1995. Available from http://www.iicm.tu-graz.ac.at/Cjucs_root. Also "HOME:Hypermedia Object ManagementEnvironment"; Demonstration at ECHT’94.

Ending the Tyranny of the Link: Adding Paths to the Dexter-modelp. 14 / 14

[GammaEtAl93]Gamma, E. / Helm R. /Johnson R. / Vlissides, J. "Design Patterns:Abstraction and Reuse in Object-OrientedDesigns"; ECOOP’93 Proceedings, LectureNotes in Computer Science nr. 707, Springer-Verlag, 1993. The same people have written thebook "Design Patterns"; Addisson-Wesley,1995.[Garzotto,Mainetti,Paoline94]Garzotto, F. /Mainetti, L. / Paoline, P. "Adding multimediaCollections to the Dexter Model"; ECHT’94Proceedings, ACM Press, 94.[Goldberg84]Goldberg, A. "Smalltalk-80: TheInteractive Programming environment";Addisson-Wesley, Reading MA, 1984.[Gr¿nbaek,Hem,Madsen94]Gr¿nbaek, K. / Hem,J. A. / Madsen, O. L. "Designing Dexter-basedCooperative Hypermedia Systems";Communications of the ACM - Vol. 37(2) -February ’94. Also in Hypertext’93Proceedings, ACM Press, 93.[Gr¿nbaek,Malhotra94]Gr¿nbaek, K. /Malhotra, J. "Building Tailorable HypermediaSystems: the embedded-interpreter approach";OOPSLA ’94 Proceedings; ACM Press, 1994.[Gr¿nbaek,Trigg94]Gr¿nbaek, K. / Trigg, R.H."Design issues for a Dexter-Based HypermediaSystem"; Communications of the ACM - Vol.37(2) - February ’94. Also in ECHT’92Proceedings, ACM Press, 92.[Gr¿nbaek94]Gr¿nbaek, K. "Compositesin a Dexter-Based Hypermedia Framework";ECHT’94 Proceedings, ACM Press, 94.[Halasz,Schwartz90]Halasz, F. / Schwartz, M."The Dexter Hypertext Reference Model";Proceedings of the 1990 NIST HypertextStandardisation Workshop (January 16-18,Gaithersburg, MD). Republished inCommunications of the ACM - Vol. 37(2) -February ’94.[Halasz91]Halasz, F. "Seven issues revisited";Slides from the ACM Hypertext ’91 ConferenceKeynote speech (December 15-18, SanAntonio, Texas).[Hardman,Bulterman,VanRossum94]Hardman, L. /Bulterman, D. C. A. / VanRossum, G. "The Amsterdam HypermediaModel: Adding Time and Context to the Dextermodel"; Communications of the ACM - Vol.37(2) - February ’94.[Johnson92]Johnson, R. "DocumentingFrameworks Using Patterns"; OOPSLA’92Proceedings, ACM Press, 1992. Checkhttp://st-www.cs.uiuc.edu /users /patterns/patterns.html for anonymous ftp.[Kacmar,Leggett91]Kacmar, C. J. / Legget, J. J."PROXHY: A Process-Oriented ExtensibleHypertext Architecture"; ACM Transactions onInformation Systems - Vol. 9(4) - October ’91.[Legget,Schnase94]Legget, J. J. / Schnase, J. L."Viewing Dexter with Open Eyes";Communications of the ACM - Vol. 37(2) -February ’94.[Marshall,Shipman93]Marshall, C. C. /Shipman, F. M. "Searching for the MissingLink: Discovering Implicit Structure in SpatialHypertext"; Hypertext’93 Proceedings, ACMPress, 93.[Nanard,Nanard93]Nanard, J. / Nanard, M."Should Anchors Be Typed Too ? Anexperiment with MacWeb"; Hypertext’93Proceedings, ACM Press, 93.[flsterbye,N¿rmark94]flsterbye, K. /N¿rmark, K. "An Interaction Engine for RichHypertexts"; ECHT’94 Proceedings, ACMPress, 94.[flsterbye95]flsterbye, K. "Literate SmalltalkProgramming Using Hypertext"; IEEETransactions on Software Engineering - Vol.21(2) - February ’95.[Parunak91]Parunak, H.V.D. "Don’t Link Me In:Set based Hypermedia for TaxonomicReasoning"; Hypertext’91 Proceedings, ACMPress, 91.[Pree94]Pree, W. "Design Patterns forObject-Oriented Software Development";Addisson-Wesley 1994.[Rao91]Rao, R. "ImplementationalReflection in Silica"; ECOOP’91 Proceedings,Lecture Notes in Computer Science nr. 512,Springer-Verlag, 1991.[Rizk,Sauter92]Rizk, A. / Sauter, L."Multicard: An open hypermedia System";ECHT’92 Proceedings, ACM Press, 92.[Stotts91]Stotts, P. D. "Dynamic Adaption ofHypertext Structure"; Hypertext’91Proceedings, ACM Press, 91.[Wiil,Legett92]Wiil, U. K. / Legett, J. J."Hyperform: Using Extensibility to DevelopDynamic, Open and Distributed HypertextSystems"; ECHT’92 Proceedings, ACM Press,92.[Wiil,flsterbye94]Wiil, U. K. / flsterbye, K(editors) "Proceedings of the ECHT’94Workshop on Open Hypermedia Systems";Technical report R-94-2038 / Institute forElectronic Systems Department of Mathematicsand Computer Science - Fredrik bajers Vej 7 -DK 9220 Aalborg - Denmark.