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CHAPTER 9

Conclusion

Wrap Up

The 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 a
requirement list for open hypermedia systems, a scenario for using open hypermedia
systems in an engineering environment and the flag taxonomy for open hypermedia systems.
Next we have presented our personal perspective on open hypermedia systems based on the
notion of a design space and the puppet master metaphor. The former represents an open
hypermedia system as a tailorable volume in a three dimensional axes system — storage,
presentation and navigation. The latter identifies three levels of tailorability — domain level,
system level and configuration level. We have shown that the notion of a design space with
three levels of tailorability covers the key requirements for the design of open hypermedia
systems, and —more importantly— that it can be generalised for any other open system.

Next, we have investigated object-oriented frameworks and meta-object protocols, two state
of the art techniques proposed by the object-oriented software engineering community.

The concept behind an object-oriented framework is that clients reuse the framework design
by supplying concrete components for the open ends of the framework. The open ends of
the framework are specified using template methods. A framework comes with a number of
contracts: sets of rules telling how framework components should be assembled to work
properly. Basically, there exist two approaches for specifying reusable designs: the white-
box approach based on class inheritance and the black-box approach based on object
composition. In general —for the important design decisions in a framework— the black-
box approach is favoured over the white-box approach, because object composition alows
to reconfigure the framework at run-time.

A meta-object protocol is an abstraction technique where the interface of a module in an
object-oriented framework is split in two separate parts: the base level interface and the meta
level interface. The base level interface is used to access the basic functionality of the
module, while the meta-level interface allows us to control designated implementation
aspects of that module. Experiments have shown that meta-object protocols make systems
more adaptable. However, it is recognised that the design of a meta-object protocol remains
an open question. First, becauseitis hard to recognise when something is part of the meta-
level interface; second —and thisis afundamental problem—, because it is too expensive to
develop meta-level interfaces incrementally. We have coped with the first problem by
adopting ameta-level criterion based on the notions of 'about-ness' and 'causal connection'.
For the second problem, we have proposed a methodol ogy based on a proper combination of
obj ect-oriented frameworks and meta-object protocols.

- 146 -



Our methodology is based on the insight that explicit representations of framework contracts
are part of the meta-level, which leads us to the conclusion that the design of a framework
provides an initial ground for the design of a meta-object protocol. As a consequence we can
be confident that the design of the meta-level interface can reuse parts of the design of the
framework's base level interface. Thisis especially important as lots of promising techniques
for designing base level interfaces are under way.

The methodology we propose is summarised in four design guidelines

1) Devise adesign space for the problem domain.

2) Each design space axis should correspond to a black-box template method.

3) Each design space axis should correspond to a framework contract.

4) The configuration of the design space axes should correspond to a framework

contract.

We claim that by following these guidelines, it is possible to build a system for the intended
design space that incorporates the three levels of tailorability: domain level, system level and
configuration level. As these three levels of tailorability cover key requirements for open
systems, our methodology iswell suited for the design of open systemsin general.

The second half of the dissertation presents an experimental validation of our methodology in
the domain of open hypermedia. It provides a description of the so-called Zypher open
hypermedia framework as a design pattern language, which is a state of the art technique for
describing framework design.

The design space mentioned in the first design guideline is the three dimensional hypermedia
design space —storage, presentation, navigation— that resulted from our analysis of the
domain of open hypermedia systems.

Theinitial design of our framework builds on the design guidelines summarised in the flag
taxonomy for open hypermedia systems. As such, our design incorporates a separation
between storage and presentation on the one hand and a separation between contents and
structure on the other hand. Although the flag taxonomy provided us with a good
factorisation of the problem domain, it enforces a white-box approach for incorporating the
hypermedia design space. To allow run-time reconfiguration, we applied our second design
guideline by extending the design with black-box template methods for each of the axes in
the design space. This way, we show that domain level tailorability corresponds with the
base level of a framework.

In a next step, we incorporate system level tailorability in the design of our framework.
Following our third design guideline, we see that this corresponds with wrapping additional
behaviour around the execution of the framework contract. Favouring a black-box approach,
we extend the design to incorporate an object that is an explicit representation of such a
framework contract. As we know that an explicit representation of a framework contract is a
meta-object, we illustrate that system level tailorability corresponds with a meta-level of a
framework.

In afinal step, we incorporate configuration level tailorability; a processthat is very similar
to the previous step. Based on our fourth design guideline, we see that this corresponds with
changing the execution of the configuration contract and again we extend the design with an
explicit representation of that contract. The fundamental difference with the system level
tailorability extension, is that the latter extension is part of the meta-level of the meta-level.
So we conclude that configuration level tailorability correspondswith a meta-meta-level of a
framework.

Besides providing the experimental validation for the proposed design methodology, the
Zypher framework serves a second purpose: its abstract design was made concrete in a
working prototype of a so-called framework browser. A framework browser is a software
system that supports software engineers in the management of complex object-oriented
architectures, by providing a seamless integration between the design and theimplementation
of frameworks. This framework browser has actually been used to manage the relationships
between the Zypher design pattern documentation and the source code of the implementation.
For example, it is possible to navigate between design pattern documentation displayed using
athird-party text editor and the framework implementation displayed using the programming
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toolsthat are part of the Smalltalk programming environment. Also, we are able to generate
the necessary structures to make this integrated environment accessible over the world-wide
web.

The Research Hypotheses Revisited

In the introduction we have formulated three hypotheses. With al of the above in mind, it is
time to reconsider the hypotheses and comment on their appropriateness.

Research Hypothesis 1

Object-oriented frameworks and meta-level abstraction are two complementary
techniques in the design of open systems.

As noted, no-one doubts whether object-oriented frameworks and meta-level abstractions are
useful in the design of open systems as both techniques have already found their way into
the design of commercia systems. So the hypothesis boils down to the question how the
two technigques can complement one another.

Our work has shown that explicit representations of framework contracts are meta-objects,
which implies that a potential combination of both techniques consists of aframework design
with explicit objects representing framework contracts. At least this shows that the design of
the base level provides clues for the initial design of the meta-level, which is an important
insight in its own right.

However, 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 we
have proposed the four design guidelines based on the notion of adesign space. Once such a
design space has been devised, the four guidelines help aframework designer to identify the
contracts that should be included in the meta-level. Thisway it is possible to incorporate the
notions of domain level, system level and configuration level tailorability into the design of
the framework. Moreover, we have shown that domain level tailorability can be achieved
with an object-oriented framework, while system and configuration level tailorability can be
achieved by meta-level abstraction. So, we conclude that both techniques are complementary
in the design of open systems: they share the common goal of tailorability, yet they differ in
thelevel of tailorability that can be achieved. Assuming that the three levels of tailorability
correspond to an open system (see the explanation with the second research hypothesis), we
claim that our first research hypothesis remains appropriate.

Research Hypothesis 2
Open hypermedia systems are representative for the larger set of open systems.

The second research hypothesis was formulated because it allows usto generalise the results
obtained within the context of an open hypermedia software artefact for the generic set of
open systems — examples of other kinds of open systems being operating systems, database
systems, inter application communication standards, tailorable software systems and
programming languages.

To support the appropriateness of the hypothesis, we have argued that open hypermedia
covers themes that recur in al these kinds of open systems —interoperability,extensibility
and distribution. Also, we have shown that the three levels of tailorability cover those
recurring themes, so we conclude that the three levels of tailorability are appropriate in the
context of other kinds of open systems as well.

Then there must be away to transpose the results of the open hypermedia software artefact to
other kinds of open systems. Here we have emphasised that the definition of the three levels
of tailorability is based on the notion of a design space, but is completely independent of the
type and number of axesin that design space. So we conclude that, if it is possible to devise
a design space for a particular open system, then it is possible to transpose the techniques to
incor porate the three levels of tailorability. Based on other experiments (i.e.,, Agora and
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ApplFLab) we are confident that devising a design space is feasible in other domains aswell.
So, assuming that it is possible to devise a design space for the application domain of the
target open system, we claim that our second research hypothesis remains appropriate.

Research Hypothesis 3
Open hypermedia is a technological cornerstone for software engineering.

The third research hypothesis causes some kind of afeedback loop, in the sense that the first
and second research hypotheses are about the potential benefits of applying software
engineering techniques to the domain of open hypermedia systems, while the third
hypothesis deal s with the advantages of applying open hypermedia technology to manage the
complexity of software engineering.

We have conducted various experiments in the context of what we have been calling a
framework browser and we have achieved some encouraging results. First, we have shown
that it is possible to use open hypermedia to connect third-party applications with the
programming environment, which enables us to link source-code with design documentation
in all kinds of formats. Second, we have experimented with a componentware approach for
composing specific code browsers, which is advantageous for the construction of design
specific views on the implementation. Third, we have examined the possibilities of an
extensible link engine by incorporating specific algorithmsto infer navigation relationships,
which is helpful in consistency maintenance of large dynamic structures. Finally, we have
explored open hypermedia as a way to publish reusable designs on the world-wide web,
which is valuable in the context of reuse libraries.

The outcome of our experiments is encouraging, but thereis alot of work to be done to build
atrue framework browser: one that provides a seamless integration between the numerous
aspects of framework development. Also, lots of ideas remain unexplored, especially
concerning the support for teams. As far as we stand now, we are not able to assert the
appropriateness of the third research hypothesis. Nevertheless, none of the experiments
contradicted it, so we conclude that the application of open hypermedia technology in the
context of software engineering remains an interesting area for future work.

Open Questions

Having clarified and refined some important issues in both object-oriented software
engineering and open hypermedia, it is time to consider some unanswered questions and
point at known limitations of our approach.

System L evel Tailorability

System level tailorability is about wrapping additional behaviour around points on a design
space axis and the kind of behaviour we aim at is concurrency control, logging, caching,
authority control and integrity control. We propose ameta-level interface which allows usto
wrap additional behaviour around the execution of framework contracts without affecting the
interna implementation of the contract participants.

Thetypical exampleismaintaining atrail of all locations visited in a hypermedia session.
This corresponds with wrapping logging behaviour around the execution of the navigation
contract; i.e. the contract between the anchor and the resolver (see figure 23). By introducing
the path object as an explicit representation of that navigation contract we are able to plug in
logging behaviour without affecting the internal implementation of the anchor or resolver
objects.
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Anchor Anchor

activateOn (component). activateOn (component)
Navigation Contract
All anchors receiving a Path
activateOn message must
request the associated resolver activateAnchorOn <@
to determine the target of the (anchor, cmpnnt)
navigation operation
Resolver Resolver
resolveAnchorComponent resolveAnchorComponent
(anchor, cmpnnt) < (anchor, cmpnnt)

Figure 23: Logging the Navigation Contract

Actualy, it isnot entirely correct that the participating objects remain unaffected. Indeed,
besides trapping all navigation operations one must also be able to memorise the internal state
of the anchor and the component, to restore it for later use. Since both the anchor and
component 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 and
resolver objects. Such an extension may imply that one must affect the internal
implementation of the participating objects, i.e. by adding extrainstance variables.

Similar patterns are necessary to implement services like concurrency control, caching,
authority control and integrity control; i.e. to wrap additional behaviour around an
occurrenceof a contract, one may need to extend the interface of the participants of that
contract. However, those extensions don't have anything to do with the actual contract and
arein fact situated at some other level. That is, such interface extensions must deal with
issues like object identifiers, internal state, time stamps, ..., which are issues that have more
to do with the machine the system is running on, or the programming language the system is
implemented with. Normally, such functionality is inherited from the root classes of the
inheritance hierarchy.

So we must relax our assertion in the sense that one can incorporate system level tailorability
by having ameta-level interface that allows to change the system behaviour, but sometimes
one must make glight modifications to the external interface of base level objects.
Nevertheless, the modifications to the externa interface are independent compared to the
extra services created and should be available for a complete session, so specified at system
configuration time. In such a situation, the white-box approach is appropriate, so one can
implement the extra functionality in the root classes of the inheritance hierarchy and reuse
them for many kinds of services.

Singleton M eta-Objects

Another intriguing question is whether the meta-objects should remain singletons —as they
arein the design of the Zypher framework— or if it isagood ideato allow multiple instances
of them. There are cases supporting the viewpoint that it is better to have multiple instances.

First of all, consider adistributed setting. There, it is definitely not agood idea to work with
a singleton meta-object, as such an object corresponds to a bottle-neck for the important
events in the global control flow. To eliminate the bottle-neck, one may replicate the meta-
object, so that there is one instance of the meta-object for each component in the distributed
architecture.

So a distributed setting requires multiple instances of a meta-object. Note that all those
instances will differ in internal state, but that their behaviour is essentially the same.
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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 in
figure 23, suppose one wants to log all activations of anchors created after a certain date and
leave the activations of all other anchors out of the log. One solution would be to include
some filter in the log algorithm implemented in the path object. Another solution would be to
have two path objects with different behaviour; one that writes its activations to the log and
another one that does not. The filter is then embedded in a separate dispatcher object that
decides what objects should be managed by the first path object, and what should be
managed by the second one.

Although the first solution is easier to implement, the second solution is more flexible as it
corresponds to a black-box approach. For example, as the filter algorithm is independent of
the path object, the second solution makes it possible to reconfigure the logging algorithm at
run-time.

Having multiple instances of meta-objects that differ in both state and behaviour is more
flexible, yet this flexibility comes at a cost. As long as there is only one meta-object —or
multiple replicas of one and the same object—, one can maintain a reference to this meta-
object in some global variable. Once there exist multiple instances that differ in both state and
behaviour, one must include some reference mechanism from the base level object to the
meta-object that is supposed to handle the meta-level behaviour. Such reference mechanism
may be quite complicated, as it may depend on a particular combination of base level objects.
For example, the path meta-object may differ depending on the particularanchor-component-
resolver triple that participates in the navigation contract.

Additional Levels of Tailorability

We have proposed three levels of tailorability —domain level, system level and configuration
level— and have argued that they correspond to respectively aframework base level, a meta-
level and a meta-meta-level. The levels of tallorability covered the open hypermedia
requirement list, which implies that we need at least those three levels of tailorability.
However, one can ask if there are other useful levels of tailorability and whether they would
correspond with higher meta-levels as well.

We don't have an answer to this question, but we do recognise two viable candidates for
additional levels. A first oneis about adding or removing axes to a design space. As we
claim that the levels of tailorability are independent of the type and number of axes, it should
be possible to include an interface to change the axes system. And somehow this would
correspond with a higher meta-level, because it must necessarily change the meta-meta-object
representing the configuration of the design space.

A second one is about the configuration of the meta-objects. In the current design, there is
only one instance of each meta-object in the system, but —as argued above— some
situations may require multiple instances of the same meta-object. And then the decision
about what instance of a meta-object should handle what base level object is crucidly
important. The influence this decision an additional level of tailorability is required. This
would correspond with a higher meta-level, because it is about the configuration of the meta-
objects.

Additional Hypermedia Design Space Axes

We proposed our perspective on hypermedia as a three dimensional design space, the three
dimensions being storage, presentation and navigation. We argued that the name and number
of the dimensions does not affect the remainder of our argumentation, this way avoiding the
discussion if those three dimensions are adequate for describing the space of hypermedia
systems. In fact, it remains an open question whether the three dimensions are necessary and
sufficient.

We are quite confident that a hypermedia design space should at least include those three
dimensions. First, because all the dimensions are somehow included in the hypertext &
hypermedia definition (p.08) we adopted; second, because the experiments with the
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framework browser have shown that the three dimensions are at least appropriate.
Nevertheless, we don't have any arguments for supporting whether the three dimensions are
sufficient.

An interesting candidate for an extra dimension would be the authoring of navigation
structures. Authoring is an aspect that is not made explicit in our design, because we have
focused on navigation structures that can be derived from the contents. So, in the Zypher
prototype, authoring is part of the navigation dimension, which implies that each point on the
navigation axis (i.e. each resolver) defines its own authoring facilities. An experiment that
may provide some answers would be to capture a hypermedia system that emphasises on the
authoring of hypermedia structures —such as the spatial hypermedia systems Aquanet and
VIKI— in the current design of the Zypher framework.

Black-box versus White-box

The argumentation for incorporating the three levels of tailorability into the design of a
framework was about favouring a black-box approach over a white-box approach, or in
other words object composition over class inheritance. One may ask what would happen if
for some reason the white-box approach was favoured over the black-box approach.

Consider the navigation axis of our hypermedia design space (see also figure 23). To
incorporate domain level tailorability, we need to be able to vary the resolution of the anchor
independently of its activation, which implies that the second design guideline would be
rephrased as "each design space axis should correspond to a white-box template method". In
the white-box reuse approach, this would mean that we have a single anchor object that
understands both theact i vat eOn andr esol veAnchor Conponent messages, but that
both of them may be inherited from different classes.

To incorporate system level tailorability on the navigation axis, we must be able to wrap
additional behaviour around the execution of the activateOn and
r esol veAnchor Conponent methods. In awhite-box approach this means that we must
inherit the wrapping behaviour from a common superclass of the anchor classes or the
resolver classes involved. To ensure this inheritance behaviour in the framework, the
framework must include a contract stating that anchor classes and resolver classes must
delegate the navigation messages to their superclass; i.e. they must perform asuper send. So
the third design guideline, stating that "each design space axis should correspond to a
framework contract” remains valid, but the way this design guideline is interpreted in the
design of the framework is different.

To incorporate configuration level tailorability in awhite-box approach, we must be able to
extend the inheritance hierarchy of the framework; preferably using multiple inheritance. For
instance, if we wantto have arelationship between a particular point on the navigation axis
and a particular point on the storage axis, we will create an anchor class that inherits from a
class implementing the behaviour of that storage device and a class that implements that
particular link resolution agorithm. However, in that case the inheritance hierarchy becomes
an essential aspect of the framework design, which implies that it should be captured in a
framework contract. So, the fourth design guideline, stating that "the configuration of the
design space axes should correspond to a framework contract” remains valid, but again the
way this design guideline isinterpreted in the design of the framework is different.

The main argument for favouring the black-box approach over white-box approach is that
this makes it easy to reconfigure the framework at run-time: one can change the execution of
black-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 the
inheritance hierarchy. There exist object-oriented languages (Smalltalk and CLOS to mention
the most popular ones) that allow to modify the class hierarchy at run-time, however this
functionality always belongs to the meta-object protocol of the programming language.
Indeed, the class hierarchy is about the software system in a causally connected way.
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Note that the white-box approach —even with the possibility of run-time framework
reconfiguration— remains less flexible than the black-box approach, because the black-box
approach allows to reconfigure the framework at object level, while the white-box approach
isrestricted to reconfigurations at the class level. Reconfiguration at object level in awhite-
box approach would imply the possibility of changing the class of an existing object at run-
timewhich is a very difficult operation at it requires changes to the objects internal state
representation (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 the
programming language, as the object-class relationship is about the software system in a
causally connected way.

The above argumentation leads us to the conclusion that favouring a white-box approach
over a black-box approach would not change that much. To incorporate the three levels of
tailorability, the design guidelines we propose remain essentially the same; only the way they
should be interpreted in the design of the framework changes. And if one wants to
reconfigure the framework at run-time, we need a meta-object protocol that is part of the
programming language used to implement the framework.

Afterthought

As an final remark, we emphasise on the cross-fertilisation embodied in our work. On the
one hand we build on the accumulated experience of the software engineering community.
More precisely we deal with techniques studied in very technological areas like programming
languages, distributed architectures and operating systems. As a consequence, the techniques
are well specified and their effects quite accurate, yet they are seldom applied in other
applications domains. On the other hand, our work builds on the insights of hypermedia, a
domain with years of fruitful research on how to enhance the way people deal with
information. The problems encountered there are rather fuzzy and the solutions quite
imprecise, yet hypermedia research has changed the working habits of amost all people
working with computers.

Our contribution is original in the way it captures the best of both worlds: the precision of
software engineering with the applicability of hypermedia. And this idea reveals the heart of
what we entitled "the link from object-oriented software engineering to open hypermedia’.

- 153 -



CHAPTER 10

Appendices

Refer ences

[Abelson,Sussman'84]
Abelson, H. / Sussman, G. J. "Structure and
Interpretation of Computer Programs'; MIT
Press, 1984.

[Akscyn'91]
Akscyn, R. "Design Tradeoffs for Advanced
Hypertext Technology"; Tutorial Notes at
[HT'91].

[Akscyn,McCracken,Y oder'87]

[Andrews,KappeMaurer'95]

Andrews, K. / Kappe, F./ Maurer, H. "Serving
Information to the Web with Hyper-G";
Proceedings of the Third International world-wide
web Conference - WWW'95; Computer Networks
and ISDN Systems - Vol. 27(6) - April 1995.

[Apple'89]

Apple Computer, Inc. "Macintosh HyperCard
User's Guide"; Apple Computer, Inc., 1989.

Akscyn, R. / McCracken, D./ Yoder, E. "KMS. [Ashman'94]

A Distributed Hypermedia System for Managing
Knowledge in Organisations”; in [HT'87].
Republished in Communications of the ACM -
Vol. 31(7) - July '88.

[AksitEtAl'93]

Aksit, M. / Wakita, K. / Bosh, J. / Bergmans, L.

/ Yonezawa, A. "Abstracting Object Interactions
Using Composition Filters'; ECOOP '93,
Workshop on Object-Based Distributed
Programming - L ecture Notes in Computer
Science, nr. 791 — Berlin Heidelberg, July 1993.
Available on the world-wide web
via'ftp://ftp.cs.utwente.nl/pub/doc/TRESE/Abstr
ObjIntUsingCF.ps.Z".

[Anderson, Taylor,Whitehead'94]

Anderson, K. M. / Taylor, R. N. / Whitehead, E.

J. Jr. "Chimera: Hypertext for Heterogeneous
Software Environments'; in [ECHT'94].

-154 -

Ashman, H. "Opinion: What is Hypermedia';
ACM SIGLINK Newdletter - Vol. 3(2) -
September '94.

[ARfalg94]

ARfalg, R (Ed) "Open Hypertext Systems" at the
Universitét Konstanz, 26/27 May 1994. Send e-
mail to Rainer Kuhlen (kuhlen@inf-wiss.uni-
konstanz.de) or Marc Rittberger (ritt@inf-
wiss.uni-konstanz.de).

[Beck,Johnson'94]

Beck, K. / Johnson, R. "Patterns Generate
Architectures'; ECOOP'94 Proceedings, Lecture
Notesin Computer Science nr. 821, Springer-
Verlag, 1994. Available on the world-wide web
via http://st-www.cs.uiuc.edu /users /patterns
/patterns.html.

[Berners-LeeEtAl'9A]

Berners-Lee, T./ Cailliau, R. / Luotonen, A. /



Nielsen, H. F. / Secret, A. "The world-wide web"; [Davis9]

Communications of the ACM - Vol. 37(8) -
August '94.

[Birrer,Eggenschwiler'a3d]

Birrer, A. / Eggenschwiler, T. "Frameworksin the

Financial Engineering Domain: An Experience

Report"; ECOOP'93 Proceedings, L ecture Notes

in Computer Science nr. 707, Springer-Verlag,
1993.

[Blaha,Premerlandi,Rumbaugh'8g]

Blaha, M. R. / Premerlani, W. J. / Rumbaugh, J.
E. "Relational Database Design Using an Object-
Oriented Methodology"; Communications of the

ACM - Vol. 31(4) - April '88.
[Brooks87]

Brooks, F. P. Jr. "No Silver Bullet: Essence and

Accidents in Software Engineering"; IEEE
Computer - April '87.
[Bush'45]

Bush, V. "Aswe May Think"; Atlantic Monthly -

176 - July, 1945. Available on the world-wide

web via

http://www.isg.sfu.ca/~duchier/misc/vbush/.
[Campbell,Goodman'87]

Campbell, B. / Goodman, J. M. "HAM: A

Genera - Purpose Hypertext Abstract Machine";

in [HT'87]. Republished in Communications of
the ACM - Vol. 31(7) - July '88.

[Campbel|EtAI'93]
Campbell, R. H. / Islam, N. / Raila, D. /
Madeany, P. "Designing and Implementing
Choices: An Object-oriented System in C++";
Communications of the ACM - Vol. 36(9) -
September'93.

[Catlin,Bush,Y ankelovich'89]
Catlin, T./ Bush, P./ Yankelovich, N.

"InterNote: Extending a Hypermedia Framework

to Support Annotative Collaboration”; in
[HT'89].

[CodenieEtAl'94]
Codenie, W. / De Hondt, K. / D'Hondt, T. /
Steyaert, P. "Agora: Message Passing as a
Foundation for Exploring OO Language
Concepts'; ACM SIGPLAN Notices, Val.
29(12), December '94.

[Conklin'87]
Conklin, J. "Hypertext: An Introduction and
Survey"; |IEEE Computer - Vol. 20 (9) -
September 1987.

[Conklin,Begeman'88]
Conklin, J. / Begeman, M. L. "gIBIS: A
Hypertext Tool for Exploratory Policy

Davis, H. "To Embed or Not to Embed ...";
Communications of the ACM - Vol. 38(6) -
August '95. Available on the world-wide web via
http://www.acm.org/siglink/.

[Davis,Knight,Hall'94]

Davis, H. C. / Knight, S. / Hall, W. "Light
Hypermedia Link Services: A Study of Third
Party Application Integration”; in [ECHT'94].

[Davis,Lewis,Rizk'96]

Davis, H. / Lewis, A./ Rizk, A. "OHP: A Draft
Proposal for a Standard Open Hypermedia
Protocol"; in [Wiil,Demeyer'96]

[DavisEtAl'92]

Davis, H./ Hall, W. / Heath, I. / Hill, G. /
Wilkins, R. "Towards An Integrated Information
Environment with Open Hypermedia Systems”; in
[ECHT'92].

[DeBra,Houben,K ornatzky'92]

DeBra, P./ Houben, G. J. / Kornatzky, Y. "An
Extensible Data Mode for Hyperdocuments'; in
[ECHT'92].

[Duva EtAl95]

Duval E./ OlivieH. / O'Hanlon P. / David G.
Jameson "HOME: an Environment for
Hypermedia Objects’; Journal of Universal
Computer Science - Vol 1(5) - May 1995.
Available on the world-wide web via
http://www.iicm.tu-graz.ac.at/Cjucs_root. Also
"HOME: Hypermedia Object Management
Environment"; Demonstration at ECHT'94.

[ECHT'90]

European Conference on Hypertext'90, November
27-30, Paris, France. Proceedings: Rizk, A. /
Streitz, N. / André, J. "Hypertext: Concepts,
Systems and Applications - Proceedings of the
European Conference on Hypertext", Cambridge
University Press, 1990.

[ECHT'92]

European Conference on Hypertext'92, November
30 - December 4, Milano, Italy. Proceedings:
ACM Press, 1992.

[ECHT'94]

European Conference on Hypertext'94, September
18-23, Edinburgh, UK. Proceedings. ACM Press,
1994.

[Engelbart'95]

Engelbart, D. C. "Toward Augmenting the
Human Intellect and Boosting our Collective 1Q";
Communications of the ACM - Vol. 38(8) -
August '95. Available on the world-wide web via
http://www.acm.org/siglink/.

Discussion”; CSCW'88 Proceedings, ACM Press, [ Forman, Danforth,Madduri'95]

1988.

[Cotter,Potel'95]
Cotter, S. / Potel, M. "Inside Talingent
Technology"; Addison-Wesley, 1995.

-155-

Forman, I. R. / Danforth, S. / Madduri, H.
"Composition of Before/After Metaclassesin
SOM™; AlXpert, May 1995.

[FountainEtAI'90] Fountain, A. M./ Hall, W. /

Heath, |. / Davis, H. C. "MICROCOSM: An



Open Mode for Hypermedia With Dynamic
Linking"; in [ECHT'90].

[Furuta,Stotts'89]
Furuta, R. / Stotts, P. D. "Programmable
Browsing Semanticsin Trellis'; in [HT'89].

[GammaEtAl'95]
Gamma, E. / Helm R. / Johnson R. / Vlissides,
J. "Design Patterns'; Addisson-Wesley, 1995. The
same people have written the paper "Design
Patterns. Abstraction and Reuse of Object-
Oriented Design"; ECOOP'93 Proceedings,
L ecture Notes in Computer Science nr. 707,
Springer-Verlag, 1993.

[Goldberg'84]
Goldberg, A. "Smalltalk-80, the Interactive
Programming Environment”; Addison-Wesley,
1984.

[Goldberg,Rubin'95]
Goldberg, A. / Rubin, K. S. "Succeeding with
Objects. Decision Frameworks for Project
Management”; Addison-Wedley, 1995.

[Granbaek'94]
Grgnbaek, K. "Composites in a Dexter-Based
Hypermedia Framework™; in [ECHT'94].

[Granbaek,Malhotra'94]
Grgnbaek, K. / Malhotra, J. "Building Tailorable
Hypermedia Systems: the embedded-interpreter
approach”; OOPSLA '94 Proceedings - ACM
Press, 1994.

[Granbaek, Trigg'94]
Granbaek, K./ Trigg, R. H. "Design issues for a
Dexter-Based Hypermedia System”;
Communications of the ACM - Vol. 37(2) -
February '94. Alsoin [ECHT'92].

[Granbaek, Trigg'96]
Granbaek, K. / Trigg, R. H. "Towards a Dexter-
Based model for Open Hypermedia: Unifying
Embedded References and Link Objects'; in
[HT'96].

[Granbaek EtAl'94]
Granbaek, K./ Hem, J. A./ Madsen, O. L./

[Haasz'91]
Halasz, F. G. "Seven Issues: Revisited"; Keynote
Address at [HT'91]. The dides and a transcript of
the speech are available on the world-wide web via
http://www.parc.xerox.com/spl/projects/hal asz-
keynote/transcript.html.

[Halasz,Schwartz'90]
Halasz, F. / Schwartz, M. "The Dexter Hypertext
Reference Model"; Proceedings of the 1990 NIST
Hypertext Standardisation Workshop (January 16-
18, Gaithersburg, MD). Republished in
Communications of the ACM - Vol. 37(2) -
February '94.

[Hall, Hill,Davis93]
Hall, W. / Hill, G. / Davis, H. "The Microcosm
Link Service"; in[HT'93].

[Helm,Holland,Gangopadhyay'90]
Helm, R./ Holland, I. M. / Gangopadhyay, D.
"Contracts: Specifying Behavioral Compositions
in Object-Oriented Systems'';
ECOOP/OOPSLA'90 Proceedings, ACM Press,
1990.

[Hill,Hall'94]
Hill, G. / Hall, W. "Extending the Microcosm
Model to a Distributed Environment”; in
[ECHT'94].

[HT'87]

Hypertext'87, November 13-15, Chapel Hill,
North Carolina. Proceedings: ACM Press, 1987.
Some of the papers were republished in
Communications of the ACM - Vol. 31(7) - July
'88.

[HT'89]

Hypertext'89, November 5-8, Pittsburgh,
Pennsylvania. Proceedings, ACM Press, 1989.

[HT'91]

Hypertext'91, December 15-18, San Antonio,
Texas. Proceedings: ACM Press, 1991.

[HT'93]

Hypertext'93, November 14-18, Sezttle,
Washington. Proceedings: ACM Press, 1993.

Sloth, L. "Systems: A Dexter-based Architecture”; 196

Communications of the ACM - Vol. 37(2) -
February '94. Also in [HT'93] under thetitle
"Designing Dexter-based Cooperative Hypermedia
Systems".

[HaanEtAI'92)]
Haan, B. J. / Kahn, P. / Riley, V. A. / Coombe,
J. H./ Meyrowitz, N. K. "IRIS Hypermedia
services'; Communications of the ACM - Val.
35(1) - January '92.

[Halasz'87]
Halasz, F. G. "Reflections on NoteCards: Seven
Issues for the Next Generation of Hypermedia
Systems”; in [HT'87]. Republished in
Communications of the ACM - Vol. 31(7) - July
'88.

Hypertext'96, March 16-20, Washington DC.
Proceedings: ACM Press, 1996.

[JacobsonEtAl'92] Jacobson, I. / Christerson, M. /

Jonsson, P. / Overgaard, G. "Object-Oriented
Software Engineering - A Use Case Driven
Approach; Addison-Wedley, 1992.

[Javal9s]

Java"The HotJava Browser: A White Paper";
available on the world-wide web via
http://java.sun.com/.

[Johnson'92]

Johnson, R. "Documenting Frameworks Using
Patterns'; OOPSLA'92 Proceedings, ACM Press,
1992. Available on the world-wide web via
http://st-www.cs.uiuc.edu /users /patterns
[patterns.html.

-156-



[Johnson,Foote'88] [Marshall,Shipman'93]
Johnson, R. E. / Foote, B. "Designing Reuseable Marshall, C. C. / Shipman, F. M. "Searching for

Classes'; Journal of Object-Oriented the Missing Link: Discovering Implicit Structure

Programming - Vol 1(2) - February 1988. in Spatial Hypertext"; in [HT'93].
[Johnson,Russ0'91] [Marshall,Shipman'95]

Johnson, R. E. / Russo, V. F. "Reusing Object- Marshall, C. C. / Shipman, F. M. "Spatial

Oriented Designs'; University of Illinois Tech Hypertext: Designing for Change";

Report UIUICDCS 91-1696. Communications of the ACM - Vol. 38(8) -

"PROXHY: A Process-Oriented Extensible http://www.acm.org/siglink/.

Hypertext Architecture’; ACM Transactionson  [Marshall,Shipman,Coombs94]

Information Systems, Vol. 9 (4), October '91. Marshall, C. C. / Shipman, F. M./ Coombs, J.
[Kiczales94a] H. "VIKI: Spatial Hypertext Supporting Emergent

Kiczales, G. "Why are Black Boxes so Hard to Structure”; in [ECHT"94].

Reuse ? Toward aNew Model of Abstractionin  [MarshallEtAI'91]
the Engineering of Software"; Keynote address at Marshall, C.C./ Halasz, F. G. / Rogers, R. A. /

OOPSLA'94. Available on the world-wide web Janssen, W. C. "Aquanet: A Hypertext Tool to
via Hold Y our Knowledgein Place"; in [HT'91].
http://www.parc.xerox.com/spl/projects/oi/toward [McAffer'os)

s-talk/transcript.htm. McAffer, J. "Metalevel Programming with

[Kiczales94b] CodA"; ECOOP'95 Proceedings, L ecture Notesin
Kiczales, G. (Ed.) "Foil For The Workshop On Computer Science nr. 952, Springer-Verlag,
Open Implementation”; Xerox Parc. Available on 1995.
the world-wide web via [Meyrowitz's6]
http://www.parc.xerox.com/spl/projects/oi/worksh™  Meyrowitz, N. "Intermedia: The Architecture and
op-94/foil/main.html. Construction of an Object-Oriented Hypermedia

[Kiczdes,Rivieres,Bobrow'91] System and Applications Framework";

Kiczales, G. / des Riviéres, J. / Bobrow, D. G. OOPSLA'86 Proceedings, ACM Press, 1986.
"The Art of the Metaobject Protocol"; The MIT [Meyrowitz'89]
Press, 1991. Meyrowitz, N. "The missing link: Why we're all

[Knopik,Bapat'94] doing hypertext wrong"; in Barrett, E. (ed) "The
Knopik, T./ Bapat, A. "The Role of Node and Society of Text", The MIT Press, Cambridge,
Link Typesin Open Hypermedia Systems' in 1989.

[Wiil Dsterbye'94]. [Mylonas,Heath'90]

[Lai,Manber'9l] Mylonas, E. / Heath, S. "Hypertext from the Data
Lai, P./ Manber, U. "Flying Through Point of View: Paths and Links in the Perseus
Hypertext"; in [HT'91]. Project"; in [ECHT'9Q].

[Leggett,Schnase'94] [National Academy'94] National Academy of
Leggett, J. J. / Schnase, J. L. "Viewing Dexter Sciences " Academic Careersfor Experimental
with Open Eyes'; Communications of the ACM -  Computer Scientists and Engineers';

Vol. 37(2) - February '94. Communications of the ACM, Vol. 37(2), April

[LewisEtAl '96] .

Lewis, P. H./ Davis, H. C. / Griffiths, S. R./  [Nelson'87]
Hall, W. / Wilkins, R. J. "Media-Based Nelson, T. H. "All for One and Onefor All"; in
Navigation with Generic Links"; in [HT'96]. [HT'87].

[Lucas,Steyaert, Mens'95] Lucas, C./ Mens, K. / [Newcomb,Kipp,Newcomb'91]

Steyaert, P. "Typing Dynamic Inheritance, a Newcomb, S. R. / Kipp, N. A./ Newcomb, V.
Trade-Off between Substitutability and T. "Hytime: Hypermedia/ Time-based Document
Extensibility. Technical Report vub-prog-tr-95- Structuring Language"; Communications of the
03. ACM, Vol. 34(11), November '91.

[Maes87] [Nielsen'90]

Maes, P. "Concepts and Experimentsin Nielsen, J. "Hypertext & Hypermedia'; Academic
Computational Reflection”; OOPSLA'87 Press, 1990.
Proceedings, ACM Press, 1987. [NiirnbergEtAl'96]

[Malcolm,Poltrock,Shuler'91] Ndrnberg, P. J. / Leggett, J. J. / Schneider, E. R.

Malcolm, K. C. / Poltrock, S. E. / Schuler, D. / Schnase, J. L. "Hypermedia Operating Systems:

"Industrial Strength Hypermedia: Requirementsfor A New Paradigm for Computing”; in [HT'96].
aLarge Engineering Entreprise”; in [HT'91].

-157 -



[Dsterbye,Wiil'96]
Dsterbye, K. / Wiil, U. K. "The Flag Taxonomy
of Open Hypermedia Systems'; Hypertext '96
Proceedings, ACM Press, 1996. See also
[Wiil,Demeyer'96].

[Pagpcke'90]
Paepcke, A. "PCLOS: stresstesting CLOS";
ECOOP/OOPSLA'90 Proceedings, ACM Press
1990.

[Parunak'91]
Parunak, H.V.D. "Don't Link Me In: Set Based
Hypermedia for Taxonomic Reasoning”; in
[HT'91].

[Pear!'89]
Pearl, A. "Sun's Link Service: A Protocol for
Open Linking"; in[HT'89].

[Poltock'96]
Poltrock, S. E. "Keynote address at the 2nd
Workshop on Open Hypermedia Systems —
Hypertext '96, Washinton D.C." See
[Wiil,Demeyer'96].

[Pree9d]
Pree, W. "Design Patterns for Object-Oriented
Software Development”; Addison-Wesley 1994.

[Ra0'91]
Rao, R. "Implementational Reflection in Silica";
ECOOP91 Proceedings, Lecture Notesin
Computer Science, P. America (Ed.), Springer-
Verlag, 1991.

[Remde,Gomez,L andauer'87]
Remde, J. R./ Gomez, L. M./ Landauer, T. K.
"SuperBook: An Automatic Tool for Information
Exploration — Hypertext ?*; in [HT'87].
[Rizk,Sauter'92]
Rizk, A. / Sauter, L. "Multicard: An Open
Hypermedia System"; in [ECHT'92).
[RumbaugEtAl'91]
Rumbaugh, J. Blaha, M. / Premerlani, W. / Eddy,
F. / Lorensen, W. "Object-Oriented Modeling and
Design"; Prentice Hall, 1991.

[Sawhney,Balcom,Smith'96]
Sawhney, N. / Balcom, D. / Smith, I.
"HyperCafe: Narrative and Aesthetic Properties of
HyperVideo"; in [HT'96].

[Schackel ford,Smith,Smith'93]
Schackelford, D. E. / Smith, J.B. / Smith, F.D,
"The Architecture and Implementation of a
Distributed Hypermedia Storage System™; in
[HT'93].

[Schmucker'86]
Schmucker, K. "Object-Oriented Programming for
the Macintosh"; Hayden Book Company, 1986.

[Schiitt,Streitz'90]
Schiitt, H. / Streitz, N. "HyperBase: A
Hypermedia Engine Based on a Relational Data-
Base Management System”; in [ECHT'90].

[Smith'96]
Smith, J.B. "Invited statement at the 2nd
Workshop on Open Hypermedia Systems —
Hypertext '96, Washinton D.C." See
[Wiil,Demeyer'96].

[Smith,Smith'91]
Smith, J. B. / Smith, F. D. "ABC: A Hypermedia
System for Artifact-Based Collaboration”; in
[HT'91].

[Smith,Zdonik'87]
Smith, K.E. / Zdonik, S. B. "Intermedia: A Case
Study of the Differences Between Relational and
Object-Oriented Database Systems'; OOPSLA'87
Proceedings, ACM Press, 1987.

[Steyaert'94]
Steyaert, P. "Open Design of Object-Oriented
Languages'; Phd. dissertation, Vrije Universiteit
Brussel, 1994. Available on the world-wide web
via
http://progwww.vub.ac.be/prog/papers/paperquery.

[Steyaert,DeM euter'95]
Steyaert, P. / De Meuter, W. "A Marriage of
Class- and Object-Based | nheritance Without
Unwanted Children"; ECOOP95 Proceedings,
Lecture Notesin Computer Science nr. 952,
Springer-Verlag, 1995. Available on the world-
wideweb via
http://progwww.vub.ac.be/prog/papers/paperquery.

[SteyaertEtAl'93]
Steyaert, P. / Codenie, W./ D'Hondt, T. / Lucas,
C./Van Limberghen, M. "Nested Mixin-Methods
in Agora'; ECOOP93 Proceedings, Lecture Notes
in Computer Science nr. 707, Springer-Verlag,
1993. Available on the world-wide web via
http://progwww.vub.ac.be/prog/papers/paperquery.

[SteyaertEtAl'94]
Steyaert, P. / De Hondt, K. / Demeyer, S./ De
Molder, M. "A Layered Approach To Dedicated
Application Builders Based On Application
Frameworks"; In Patel D. / Sun, Y./ Patel, S.
(Ed) "Proceedings of the 1994 International
Conference on Object-Oriented Information
Systems"; Springer-Verlag, 1995. Available on
the world-wide web via
http://progwww.vub.ac.be/prog/papers/paperquery.

[SteyaertEtAl'96]
Steyaert, P. / De Hondt, K. / Demeyer, S. /
Boyen, N. "Reflective Application Builders'; In
Chris Zimmermann (Ed) "Advancesin Object-
Oriented Metalevel Architectures and Reflection”;
CRC Press Inc., Boca Raton, Florida, 1996.
Available on the world-wide web via
http://progwww.vub.ac.be/prog/papers/paperquery.

[Trigg'96]
Trigg, R. "Hypermedia as Integration:
Recollections, reflections and exhortations';
Keynote Address at [HT'96].

-158-



[Uddl'94]

Udell, J. "Componentware"; BY TE- May '94.
[VanLimberghen'96]

Van Limberghen, M. "Building Frameworks

Bajers Ve 7 - DK 9220 Aalborg - Denmark.
Available on the world-wide web via
ftp://ftp.iesd.auc.dk/pub/packages/hypertext/ECHT
94-workshop/.

Through Specialisable Nested Objects'; to appear [Wirfs-Brock,Johnson'90]

in Tools-USA'96 Proceedings, Prentice Hall,
1996. Available on the world-wide web via
http://progwww.vub.ac.be/prog/papers/paperquery.
[Vanzyl'94]
Vanzyl, A. J. "Open Hypermedia Systems:
Comparisons and Suggestions for Implementation
Strategies' in [Wiil Dsterbye'94].
[WeinandEtAI'88]
Weinand, A. / Gamma, E. / Marty, R. "ET++,
An Object-Oriented Application Framework in
C++"; OOPSLA'88 Proceedings, ACM Press,
1988.
[Wiil, Demeyer'96]
Wiil, U. K. / Demeyer, S. (Ed) "Proceedings of
the 2nd Workshop on Open Hypermedia Systems
- Hypertext'96"; UCI-ICS Technical Report 96-
10. Department of Information and Computer
Science, University of California, Irvine, CA
92717-3425. See also
http://www.iesd.auc.dk/~kock/ OHS-HT96/.
[Wiil,Leggett'92]
Wiil, U. K. / Leggett, J. J. "Hyperform: Using
Extensibility to Develop Dynamic, Open and
Distributed Hypertext Systems'; in [ECHT'92].
[Wiil,Leggett'93]
Wiil, U. K. / Leggett, J. J. "Concurrency Control
in Collaborative Hypertext Systems"; in [HT'93].
[Wiil,Leggett'96]
Wiil, U. K. / Leggett, J. J. "The HyperDisco
Approach to Open Hypermedia Systems’; in
[HT'96].
[Wiil Dsterbye'94]
Wiil, U. K. / @sterbye, K. (Ed) "Proceedings of
the ECHT'94 Workshop on Open Hypermedia
Systems"; Technical report R-94-2038 / Institute
for Electronic Systems Department of
Mathematics and Computer Science - Fredrik

-159 -

Wirfs-Brock, R. J. / Johnson, R. E. "Surveying
current Research in Object-Oriented Design”;
Communications of the ACM - Voal. 33(9) -
September'90.

[Wirth'76]

Wirth, N. "Algorithms+Data
Structures=Programs’; Prentice Hall,76.

[Wuyts96]

Wuyts, R. "Class-Management using Logical
Queries, Application of a Reflective User Interface
Builder"; GRONICS96 Proceedings of the third
Groningen International Information Technology
Conference for Students; University of Groningen,
1996. Available on the world-wide web via

http://progwww.vub.ac.be/prog/papers/paperquery.

[Y ankelovich,Meyrowitz,VanDam'85]

Yankelovich, N. / Meyrowitz, N. / van Dam, A.
"Reading and Writing the Electronic Book"; IEEE
Computer - October '85.

[Y okote'92]

Y okote, Y. "The Apertos Reflective Operating
System: The Concept and Its Implementation”;
OOPSLA'92 Proceedings, ACM Press, 1992.

[Y okote, Teraoka, Tokoro'89]

Yokote, Y./ Teraoka, F./ Tokoro, M. "A
reflective architecture for an object-oriented
distributed operating system"; ECOOP'89
Proceedings, Cambridge University Press, 1989.

[Zellweger'sg)]

Zellweger, P. T. "Scripted Documents: A
Hypermedia Path Mechanism"; in [HT'89].



| ndex

ABC 18
Abstract Class 47
Abstract Communication Types 61, 144
Abstract Method 47
Agora 6l
Anchor

Definition 8

Dexter 14
Apertos 61, 144
ApplFLab 62
Aquanet 19
Augment 9
Authority control 25
Base Level Interface 57
Behavioura Objects 93
Black-box Abstraction 56
Black-Box Reuse 48
black-box template method 49
Chimera 17
CLOS meta-object protocol 61
CodA 61, 144
component 80
Componentware 12, 15
Computational Reflection 59

computer supported co-operative work 9, 35

Concrete Class 47
Concrete Method 47
Concurrency control 25
Configurability 82

Configuration Level Tailorability 32, 64, 66

Appropriateness 34
Puppet Master Metaphor 32
Contract 52
CSCW 9, 35
DDE 15
Design Pattern Form
Zypher 71
Analysis 72
Class Diagrams 73
Consequences 72
Contract 72
Intent 72
I'ssues 72
Motivation 72
Object Interaction Diagrams 74
Problem 72
References 73
Relations 73
Solution 72

Title 71
Design Space 51
Agora 51

ApplFLab 51

Zypher 51
Dexter 13

and DHM 16
Dexter Model 76
DHM 16
distribution 2

Domain Level Tailorability 31, 64, 65

Appropriateness 33
Puppet Master Metaphor 32
Don't Call Us, Welll Call You 47
Dynamics 83
editor 100
event passing 109
extensibility 2, 82
extensible link engine 24
Filters
Microcosm 15
Framework Design Guidelines 67
GDSS 35
Generic Links
Microcosm 15
Group Decision Support System 35
HBO-3/SP0-3 17
highlight
link 87
Hollywood Principle 47
HOSS 17
HTML 18
HTTP 18
HyperCafe 20
HyperCard 12
Hyperdisco 17
Hyperform 17
Hypermedia7
Definition 8
Hypermedia Research Agendas 10
Hypertext 7
Definition 8
lincremental devel opment 44
implementational reflection 60
incremental devel opment 2
instantiation 80
Intermedia 11
interoperability 2, 15, 24, 80
interoperable system 80

-160 -



Iterative Development 51
Layered Structure 106
Link 87
Definition 8
traversal 87
link engine 87
link protocol 24
link service 15
Linking Protocol 11
loader 103
locking 25
Mapping Conflict 56
Mapping Decision 56
Mapping Dilemma 56
Memex 9
meta-level abstraction 3
Meta-Level Interface 57
Meta-Linguistic Reflection 59
Meta-Object Criterion 61
Microcosm 15
MultiCard 17
navigation 87
Navigational Paradigm 7
Node
Definition 8
Non-linearity 7
NoteCards 10
notification 26
Object-Oriented Framework
Definition 46
object-oriented frameworks 3
Object-oriented software engineering 44
OHS-Requirement
Applications 24
Data Formats 23
Data Models 24
Platforms 25
Size 23
Users 25
Open Hypermedia
Definition 22
Flag Taxonomy 27
Requirements 22
Scenarios 26
Open Hypermedia Systems
Flag Classification 28
Requirements 27
Tailorability Levels 31
Zypher Design Space 31

Open Hypermedia Working Definition 63

Open Implementation
Spreadsheet Example 56
Open Implementations 56
PresentationL ayerObject 100
protocol negotiation 25
Reflection 58
Definition 60
repositories 78
Research Hypothesis 1 3, 148
Research Hypothesis 2 3, 148
Research Hypothesis 3 4, 149

Run-time Layer
Dexter 13
seamless integration 87
select
link 87
Separation
Concerns 13
Structure from Data 11
SOM 62, 144
source
link 87
Storage Layer
Dexter 13
Storagel_ayerObject 103
Structural Objects 76
Sun'sLink Service 17
System Level Tailorability 31, 64, 65
Appropriateness 33
Puppet Master Metaphor 32
target
link 87
Template Method 47
unawareness 79
unawareness constraint 80, 88, 108
URL 18
viewer applications 78
VIKI 19
White-box Reuse 48
white-box template method 49
Within-Component Layer
Dexter 13
WWW 17
Xanadu 9
Zypher design space 30
navigation axis 31
presentation axis 31
storage axis 30

-161-



List of Figures

Figure
Hypermedia RESearCh AQENAAS..........uuuiiiiieee et 11
DEXTEr MOUEI LAYEIS. ...ttt ettt e ettt et e e e e e e ennban s 14
Traditional Hypertext (@) versus Spatial Hypertext (D)........cccovvvviiiiee e 20
Layered Dexter Architecture (a) versus the Dexter Pie (D). 27
THE FlaQ TAXONOMY ...ttt ettt e e e ettt r e e e e ettt e et e e e e e e e e enbbe e e e s 28
Some Meaningful Configurations for the Flag............ccooiiiiiiiiiicc e 28
The Zypher DESIGN SPACE. ........ ittt ettt e ettt e e e et e e e e e eaaa e 31
Puppet Master MetapOr............. e 32
Sensitive Regions in a USer-INterface..........coooiiiiiiiiiecee e e 48
The handleMouseDown Template Method..............oooiiii e 48
White-boX versus BlaCk-BOX REUSE..........cooeiiiiiiiiiiii et e e 50
Framework & HOt SPOLS. .. .ciiiii e e e e e e e e e et e e e e e e e e e eea e e eeanns 51
The Spreadsheet Example of aMapping ConfliCt............oooiiiii e 57
Base Level Interface & Meta-Level INterface....... ... 58
Computational REFIECIION. ... .ciieii e e e e et e e 59
Implementational REfIECTION.........cooiiiii e 60
The Zypher Design Space with an Open Hypermedia SyStem............coccvvveiiiieieiiiieneiniieee e 64
Combinations of components and iNStANtiatioNS..............covvviieeriiiiiii e 83
Combinations of anchors and rESOIVENS.........coooii it 97
OVErVIEW Of the SEIUCLUIE.......eeeii et e e e e e e eett e e e e eeeennes 107
LI Y =To IS 1 o (U= 108
ZYPNEN AESIGN SPACE. ... . ettt ettt ettt e e ettt et et et eeeaa e e eenaan 130
Logging the NaVigation CONEIACE...........ueeeeeiiiiiiiiiiet e 150
Protocol

INEErOPEraDI LY ... e eeee 81
N \Y 2o = o PPN 89
o] AV PPN 95
01 101
[0 T= o = PP 104
Events

NE= Vo = o o TP OPPTTRN 110

(=TS 01 2= o ) o PRSPPI 111

0= 112
Meta-Objects

NN Fo 1Yo =1 o T o P 118

PrESENTALION. ...ttt 121

(0 = [T TSP UPPTTP 123
= S = = L@ o] =Tod £ 133

-162 -



Navigation Template

Identification Of OFigin POINT........cooiiiiiii e 140
SEArt rESOIULION PIrOCESS. ... .. ittt ettt e e e e e e e e eaai e aaaees 140
RESOIULION PrOCESS. ... .cetiiieeieiiie ettt e e e e et e e e e et e e e e et e e e e aaan s 141
Target identifiCation (A)........coveeeueuuiiirii e e e 141
Target identifiCation (10)...........uuuuueeeiiiiiiii 142
Target PreSeNLAtiON (@) ... . ..uuurreuueueieeiieiiiiiiiiii 142
Target Presentation (D) ... ... e 143

-163-



Detalled Table of Contents

TADIE Of CONEENTS. ...t e et e e et e e et e e e e tb e e e eaba e e eebba e aeees i
N 01531 o N iv
ACKNOWIEAGEIMENES. ... ittt e e e e et e et e e e e e e e e e abba e e e e e e %
The ZY PR er E XD O M BN .ttt 1
a1 oo 18 e (o] o RO PP OP PP TUPPTRPIN 2
ROBA MDDttt e ettt 5
(@ oT= o I o V4 0 L= 8 01T - 6
HYPErteXt & HYPEIMEAI AL .. ..uuiiieiiiiiii e e e e e e e e e e e e e et e eeeeeenaenes 7
What 1S HYPEIMEAIA 2. ..o 7

A Guided Tour Of HYPEIrMEIGl. ... ..t a e e e e e e eeeaaeees 9
(©70] o Tox LTI T o] o T PP PPT 21

OPEN HY PEIMIEBATAL ..ottt ettt e e e e et bbb e e e e e e e s bba e e e 22
Open Hypermedia Definition & ReqUIFEMENES..........coooiiiiiiiiiiiiiiiiieieeeeeeee e 22

Open HYPermedia SCENAITOS. .. ...ccuuuuiieeieeiiiie ettt e et e e e ee b e e e e eebbba e e eeaees 26

The Flag Taxonomy of Open Hypermedia SyStemsS...........cevevvveieeeeeieiiiiiieccnivireeeee e 27

(@70 ot 11 £ o] o ORI 29

The ZYPher PErSPECLIVE......ccoeii e e e e e 30
The ZYPher DESIQN SPACE......cccuuuieeieiiii et e e e e e e et eeeaaan s 30
Three Tailorability LEVEIS.......cciviiiieiii e e e e e e e e 31

The Puppet Master MEtapROr . ..........uuiueiiiiiie e 32
Appropriateness of the Three Tailorability LEVEIS.........ocuvviiiiiiiiiiiiiii e 33

A Framework BroWSEr SCENAITO. .. ...cceeuuruuiiieeeeieeeiiiie e e et e e e e e e eettaa e e e e e aeeeeenans 35
(©70] o Tox 1T 11T o] o T PP PPP 41
Object-Oriented Software ENQiNEering.....ocvuiiiiiiii i 43
Incremental DEVEIOPIMENT...... .o ittt e e et e e e e e et e e e eerbb e e aaeeees 44
What is Software ENGINEEIING 2.....ccouuuuiiiieiiiiiiiii ettt et e e eaaaaas 44

What 1S ObJECE-OrTENIEA 2....uuiiii e e e e e e e e e e e e e eeaeaan 44
Object-Oriented FrameEWOIKS. ... ...oouuiiei ettt e e e e et e e e e e e eabba e e e 46
Object-Oriented FrameWOrKS............i e e e eeees 46
IMplementing FrameWOrKS..........ooviiiiiii e e 47
Framework Development TEChNIQUES.........cooviii i 51
L@ o 1011 o] o TR 54
V= o] o = B ] (T P 56
Open Implementation (Meta-Level ADStraction)..........cccccccvviiiiiiiiiiiieiceeee e, 56

WAL IS MBLA 2.t e e e e e e e et e e e et e e et e e e e e e e arn e eenen 58

(@] o Tod LU 1T o] o AP 62

The Zypher ContribBULION. ... ... e e e e s 63
Three levels of tailorability: @ Recapitulation............ccuuveiiiiiiiiiii e 63
Tailorability and Object-oriented Software ENgineering..........cccooevvveiiieiniine e 65
Explicit Framework Contracts are Meta-ObjeCtS..........cccuuuuiiiiiiiiiiiieeie e 66
Framework Design GUIAEIINES........coouuuuiiiiiiiii e 67
(@0 ot U =TT o] o PSPPI 68

-164-



T e ZY PNl DBSIGN ..ttt ettt e e e 69

The Zypher Software Artefact ... e 70
The Zypher Design Pattern FOMM...... ..o 71
Data Structures For An Interoperable Hypermedia Framework ...................oeaat. 76
Interoperability: Unaware Repositories and Applications...........ccccvvveeeeieeeiis i 78
1] o | PP PRPPR 78
ALY SIS, et 78

[ Fe] o] 1= o PPN 80

1S To] 1014 o] o PP 80
LO70] 01§ = 0! FR PP UPRP 81

1Y Ko LAY Z= (o] PSPPSR 82

S SUES. .. ettt ettt e e ettt e e e aae 84
CONSEOUENCES. ...ttt ettt et ettt ettt e e et ettt r e et e e e et e e et et e e e et e e enee s 84
REIALIONS. ..ttt et e e et a e e ee 84
Navigation: Provide Seamless INTEGratioN. ..........cuiiiei it 86
1= 0| PPN 86
ALY SIS et e e et a et a e aea 86

P O O, L e 88

1S To] T | 1T o] T PSPPSR 88
(0] 11 = To! H PP PPPI 89

Y70 1AV o ) o P 91

[T 1< PSPPI 91
CONSEOUEIICES. ...t eeiee ettt et e ettt e et et e et ettt ettt e ea e e et e e e e e et e e aa e ean e e et e eeneeanaeen 91
REIALIONS. .. ettt ettt e e e et e e ee 92

A Design Space For A Hypermedia Framework .........coouiiiiiiiiiiii it i, 93
Resolver: The Core of an Extensible Link ENQINe............ccoiiiiiiiiiiii 94
[ 14 0| S PP PP PP 94

N = £ P 94
0] o] =70 o TP 95

50 ] 01 ) o 95
(0] 01§ = o1 FRR PP 95
o V2= (o] T PP UPTTRPP 96
ST [ PP UPTPUPTTPTPN 98

(O00] S =0 [ g od =T PP 98

LS = o] PSPPI 98
Editor: Incorporate External Viewer APPliCaliONS.........ccooiiiuiiiiiiiiiieeei e 100
1€ | PP 100

N = |21 P 100

L 0 o] 1= 100

1S To ] 11114 ) o 1 PP 100
(O70] 011 1= (o1 D PP PTUPIN 101
o1 ERY 2= e o T TP POPPTTRN 102

L0001 0o [ Lol PP 102

R LE = o] PSPPI 102
Loader: Incorporate INformation REPOSITOIIES.........uuuiiiiiiiiiiiaeieee e 103
1€ | PP 103

N = |21 P 103

L 0 o] 1= 103

1S To ] 11114 ) o 1 PP 103
(O70] 011 1= (o1 D PP PTUPIN 104
oL ERY 2= e o PO TP TOPPTT 104

R LE = o] PP 105

A Layered Hypermedia FrameworK. ... ..o e 106
Events: Co-ordinate FUNCLioNal Layers.........ooooiiiiiiiiiiiie e 107
1€ | PP 107

N = |21 P 107

L 0 o] 1= 109

-165-



ST0] 101 (1) o T 109

(@] ] 1{ = (o A 110

1Y/ V2= ¥ o) R 113

L0001 010 [ Lol PP 114

[ LS I L1 1N 114

Tailorability In An Open Hypermedia Framework...........cooeviiiiiiiiiiieiiieennn., 115

Meta-objects: Introduce System Level Tailorability........ccccceeviieeiiiiiiiiiice e, 116

1= | 116

ALY SISt e et e e ettt aaeee 116

[ 0] o] K= 1 VR 118

ST0] 101 (1) o O 118

(@] ] 1 = o SO 118

/10 1L AVZ= o o 1 125

1SS0 127

CONSEOUENCES. ...ttt ettt ettt ettt e et e et e e et e e e e e st e e e e e e e e e e rb e e e ena s 129

R L= = 0] 1T 129

Meta-meta-objects: Configuration Level Tailorability..........ccccovveiiiieeiiiiicecee e 130

1= 130

ALY SISt e e e et e e e e e aeee 130

[l 0] o] = 0 T 131

ST0] 101 (1o o 132

(@] ] 1 = o SO 133

/10 1 LAYz o o 135

ST 136

CONSEOUENCES. ... eeett ettt ettt ettt ettt e e e et e e e et e e e e e e e e e e e e e ena s 137

R LS 1= 0] 1 137

Protocols in an Open Hypermedia FrameworK..........oooooiiiiiiiii i 138

Navigation Template: Specifying The Control FIOW.............coooiiiiiiiiiiiiiiiee e 138

1= | 138

ALY SIS, e ettt et e e eaaas 138

[ 00] o] =10 AN 139

LYo 1o 139

[ @] ] 1 = o 139

LRSI 1< 143

R LS 1= 0] 1 144

CoONCIUSION & A PP ENAICES. ..t e e 145
Conclusion 146

LAY =T L0 146

The Research Hypotheses ReViSIted..........oooviiiiiiiiii e 148

OPEN QUESEIONS. ...ttt ettt ettt e e e et e e bbb a e e et e e n b e e e 149

AFLErtROUGNL. ... e 153
Appendices 154

REFBIBNCES. ... e e e ettt e et e et e e e e e e e e ens 154

T = 160

LISt Of FIQUIES. ..ttt ettt ettt e et e et et e e e et e e eaba e eeenans 162

Detailed Table Of CONTENES.......c.ieieie e et e e et e e et e e e e e eaas 164

y N oTa TSR o o A = = 0= T o T 167

- 166 -



Aposition / Bijstelling

Group decision processes on the world-wide web must be supported by
structured communication to improve information exchange and
unstructured communication to cope with meta-discour se.

Explanation

With the appearance of the world-wide web [Berners-LeeEtAl'94], people are confronted
with a tremendous increase in communication facilities. However, extra communication
facilities do not necesarily improve information exchange. This phenomenon can be
observed in discussions on bulletin board systems, newsgroups and mail lists. such
discussions quickly lose focus and rarely come to a conclusion. If they come to a
conclusion, it is because the group managed to structure its communication process, for
example by arranging a vote.

Group decision support system (GDSS) research is especialy concerned with the question
how structured communication processes improve decison making. GDSS like
GroupSystems [NunamakerEtAl'91], COPE [Eden,Ackermann'92] and DSide [Kenis95],
[KenisEtAl'95] show that by increasing the number of alternatives considered, enhancing the
depth of analysis each aternative is considered with and enlarging the participation of all
group members the quality of the decision process improves. Nevertheless, studies reveal ed
that individual group members often feel constrained by the structure, among others for not
supporting meta-discoursel! [Conklin,Begeman'88]. Hence the requirement for some kind
of unstructured communication between participants.

In a synchronous-proximate setting (i.e. al group members gather at the same time, in the
same place), unstructured communication is usually accomplished by some form of verbal
contact (mostly through the facilitator). However, experiments that abandon the meeting
room 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 communication
channel for meta-discourse, allthoug e-mail was not an explicit part of the DSide system.

The use of unstructured communication for meta-discource can be observed in other
experiments as well. GroupSystems has been tested in a synchronous-remote setting
[NunamakerEtAl'91] and their unstructured communication was available under the form of
video conferencing. COPE has been tested in an asynchronous-proximate setting
[Trahand'93], but members discussed the decision graph afterwards.

[Berners-L eeEtAl'94] Berners-Lee/ Cailliau, R. / Luotonen, A. / Nielsen, H. F. / Secret, A. "The
world-wide web"; Communications of the ACM - Vol. 37(8) - August '94.

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