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Abstract

This paper presents a solution to the maintenaraelgm in hypermedia by applying object-oriented
techniques to both the hypermedia data model aachyipermedia system’s actual implementation.
First, the primary concepts of th#MESH' (Maintainable, End user friendly, Structured Hympedia)
approach are discussed briefly. These consistooinaeptual data modea navigation paradignmand
an implementation framework Thereafter, it is shown how the object-orientednaepts of

encapsulationand information hidingresult in a hypermedia system consisting of sefftained,



independently coded nodéstra node maintenands separated entirely fromter node maintenance
the hyperbase’s link structure can be updated witladfecting node content, whereas an individual

node’s multimedia content can be reorganized withegessitating updates to links or link anchors.

1 Introduction: object orientation and hypermedia
1.1 Hypermedia design based on a conceptual data model

Hypermedia systems represent data as a netwonloads interconnected biinks. The information
embodied within the nodes can be accessed by nudaravigationalong the links, whereby a user’s
current position in the information space determiménich information can be accessed in the next
navigation step. This property ndvigational data accegwises hypermedia systems as utterly suitable
to support user-driven exploration and learninge Tiser autonomously determines the way in which
he will delve into the information, instead of bgiconfined to the rigid “linear” structure of efgpges

in a book.

Although the World Wide Web contributed tremendgusd the popularity of the hypermedia
paradigm, it also amply illustrated its two primavgaknesses: the problemusfer disorientatiorand
the difficulty of maintainingthe hyperbase. The “lost in hyperspace” phenoménaidely known in
literature, e.g[7], [14]: whereas non-linear navigation is a very pduleconcept in allowing the end
user to choose his own strategy in discoveringhéorination space, the resulting navigational freedo

may easily lead to cognitive overhead and discaiton.

Equally stringent is thenaintenanceproblem[43]. The latter was certainly less than a sinedurthe
pioneering hypermedia implementations. A heavy eardpon hyperbase maintainability is the fact
that, due to the absence of workable abstractimasy hypermedia systems implement links as direct
references to the target nodghysical location(e.g. theURL in a WWW environment). To make
things worse, these references are embedded wiltbicontentof a link's source nodgl7]. As a
result, moving a single node demands heavy maintanto restore hyperbase integrigft nodes’
bodies have to be searched for a reference toaweobsolete location and all found references have

be updated. Hyperbase maintenance has become aysyrior manually editing the nodesbntent



Whereas manually created links already reduce auamility to a great extent, they also have a
disastrous impact uparonsistencyandcompletenesf]. The inability to enforce integrity constraints
and submit the network structure to consistency @mdpleteness checks results in a hyperbase with
plenty of dangling links Needless to say that the consequences of infemmintenance will also

frustrate the end user and effect into additiom&raation problems.

More recently, it has been suggested that abstrectsuch as node and link types offer increased
consistency in both node layout and link structwith the added bonus of a navigational structure
more comprehensible to the end user. The bendfitata modeling abstractions to both orientation
and maintainability were already acknowledged [26]. They yield richer domain knowledge
specifications and more expressive querying. Typmtes and links offer increased consistency in both
node layout and link structufg1], [49]. Higher-order information units and perceiv@llquivalencies
(both on a conceptual and a layout level) greatlgrove orientatio25], [50]. Semantic constraints
and consistency can be enforcg], [24], tool-based development is facilitated and seeus

encouraged4?].

Consequently, hypermedia design is to be based fiitmnaconceptual data modellhe pioneering
conceptual hypermedia modeling approaches sudilDdd [23] and RMM [28] were based on the
entity-relationship paradigm. Later on, object-ntéxl techniques were applied, both atdbaceptual
and theimplementationlevels. In some cases, object-orientation was gmilgnused inhypermedia
enginesto model functional behavior of an applicatiootanponentse.g.Microcosm[16], Hyperform
[53] andHyperstorm[4]. Other approaches, suchB®RM[33], OOHDM [44], [45] andWebML[13]

modeled thepplication domairby means of the object-oriented paradigm.

1.2 The MESH hypermedia framework

This paper introduceMESH (Maintainable, End user friendly, Structured Hypedia® which
combines arobject-oriented modelingpproach with a fully object-orientechplementatior[34]. In
contrast to e.gOOHDM [44], [45], W2000[5], UHDM [6] or UWE [32], MESHdoes not draw a sharp

line between conceptual design and navigation defgsed on its conceptual modeling abstractions,



it offers acontext-basedhavigation paradignmto accommodate for enhanced user orientation.,Also
thanks to this navigation paradigm, the navigatimodel can be considered as a refined, evolved
version of the conceptual domain model, whereaga&ymavigational constructs such as guided tours
and indexes are generated at runtime. As a congegunavigation really takes place in “conceptual

space” which, as argumented[87], greatly facilitates orientation.

Therefore MESH uses the same terminology at the level of conegmtesign and navigation design:
node typesandlink types which will carry both a semantic and a navigagiooonnotation. Its data
model builds on concepts and experiences in tlatetffield of database modeling, taking into actoun
the particularities inherent to the hypermedia epph to data storage and retrieval. Establishegcobj
oriented modeling abstractiofid9], [47] are coupled to proprietary concepts to provioea formal
hypermedia data model. While uniform layout andk lityping specifications are attributed and
inherited in astatic node typing hierarchy, both nodes and links carstemitteddynamicallyto
multiple complementary classifications. If desiredch a “logical” hypermedia model can be derived
from a UML conceptual model, however, the semaritichess oMESHSs data model is adequate to
directly capture conceptual domain specificatiom® ia MESH model. Furthermore, the data model
provides for a firm hyperbase structure and an dhoce of meta-information that facilitates

implementation of the context-based navigation gigra.

Section 2 briefly discuss@48ESHs data model, navigation paradigm and implemeoadirchitecture.

A more elaborate description of the data modelramdgation paradigm can be found[85] and[36]
respectively. In both publications, the most impott object-oriented concept iabstraction
Abstractions used in the conceptual model and #végation paradigm facilitate both orientation and
maintenance. By means of inheritance, node pragsecén be defined on a high level of abstraction,
and be inherited and refined in more specifiode typ€es greatly reducing design and maintenance
efforts. The same abstractions allow for the naiogaparadigm to take account of the so-called
navigation contextGuided tours are generated automatically alordgsaelevant within this context,

to “guide” the user and avoid disorientation.



However, object-orientation entails more than memalbtyping and inheritance. Another object-
oriented concept that is applied successfullyiESHis encapsulationThe main focus of this paper is
upon how encapsulation and information hiding fertfacilitate design and maintenance by separating
a node’sinterface from its implementation.At the conceptuallevel, this allows for nodes to be
considered as independent entities, which can belaged in parallel by different parties. Any node
can be designed internally without the need forwing the entire hypermedia structure. At the
implementatiorievel, it allows for nodes to be considered as rogieneous components with a very
loose coupling. They interact by means of well-dedi public interfaces: their set of attributed link
types, but can stay unaware of one another’s agiyzlEmentation. As a consequence, each node or
link can be updated without affecting the rest bé thyperbase, which obviously reduces the
maintenance problem to a great extent. These isareegsliscussed in section 3. Section 4 draws

comparisons to related work. Finally, conclusiond future research topics are presented in sebtion

2 An overview of the MESH framework

2.1 The basic concepts: node types, layout templates and link types

As with any hypermedia model (except for set-basacddigms) MESHs basic building blocks are
nodesandlinks. However, inMESH these concepts explicitly take on the semantfcebjectsand
relationshipsas in an object-oriented conceptual data modelaGmonceptual level, a node can be
considered as a black box, which communicates thi#houtside world by means of lisks. The data
model does not explicitly define the notionasfchors A link always refers to a nodes a whole True

to the object-orientethformation-hidingconcept, no direct calls can be made to a nogesperties

i.e. its multimedia content. However, this approddes certainly not reduce the granularity of node
interrelations to referencing entire nodes becantnally, a node may encode the intelligence to

adapt its visualization to theavigation contextas discussed in a later section.

Nodes are assorted in an inheritance hierarcimpdé typesEach child node type should be compliant
with its parent’s definition, but may fine-tune Brited features and add new ones. These features
comprise two concepts: nod@&yout and nodenterrelations abstracted iayout templatesand link

types respectively. Whereas link types are well-defiretdthe conceptual level, a node’s layout



template will depend upon the actual implementationironment, e.g. as to the Web it may be HTML
or XML based. ASMESH separates the inter-node data modeling aspect ifitarnode design, this
section’s discussion regarding inheritance maiolyoerns the inheritance of link types. With regard
node layout, we will suffice by stating that withyalevel in the node typing hierarchy, a templada c

be associated, where each template is a refineafiets immediate ancestor. The multimedia objects
of a node type’s instances are to comply with theesponding layout template. Node typing as ashasi
for layout design allows for uniform behavior anasoreen appearance for nodes representing similar

real world objects.

A link (ns, ng) represents a one-to-one association betwesuce node, and adestination noday,

with both a semantic and a navigational connotatiiink is alwaysdirectedand offers an access
path from its sourcéo its destination node. Directionality is importdor two reasons: first there is a
semanticaspect, because the exact meaning of a relatiohtrotfperwise be confusing, e.g. for the
relationis-a-parent-of. Second, because of thavigationalaspect, where a source and a destination

are inherent to each navigation step.

Links representing similar semantic relationshigpes assembled into typelsink typesare attributed to
node types and can be inherited and refined thrauigthe hierarchy. IMESH definition of a link
(type) automatically effects into the definitionanf inverse link (type). If a link is added to alepthe
destination node must belong to the domain of terse link type: a node of typécan be linked by
a link of typeL to any node that belongs to the domairLafinverse. A link type’destinationis a

derived property, defined as thwverse link type’s domaifigure 1).

Inv(L)

N = Dom(L) Dest(L) = Dom(Inv(L))

Figure 1: Link type domain, destination and inverse



At a conceptual level, node types and link types lma regarded as the equivalent of object types and
association types in general-purpose object-oriemteproaches. Note that a linkstance always
represents an association between exactly two nodesd ng. One-to-many and many-to-many
associations are representedlink type level, depending on a link typemaximum cardinality
(unique/non-unique): aon-uniquelink type L allows for multiple link instances of the samekliype

to share the same source nogdgng, nyy), (Ns, Ng2), (Ns, Ngz) O L. In this way, the combination of source
nodens and link typeL yields a set of destination nodesL := { ngy, Ng2, Ng3, ...}. The maximum
cardinality of the inverse link type™ determines whether the association is one-to-neanypany-to-
many. On the other hand,Llifis auniguelink type, n.L will be a singleton. The maximum cardinality
of the inverse link typ&™ determines whether the association is one-to-omeamy-to-one. Link type
properties such agdomain minimum cardinality (optional/mandatory), maximum cardinality
(unique/non-unique) andestination/inversallow for enforcing constraints on their instanc€hese
properties can be overridden to provide for stromgstrictions upon inheritance. For example wherea
anartist node can be linked to arytwork through ahas-made link type, an instance of the child
node typepainter can only be linked to painting, by means of the more specific child link tylpes-

painted.

2.2 The use of aspects and aspect descriptors to overcome limitations of a rigid

node typing structure

As the above model will also be the basis for nlageut design, we deliberately opted for a single
inheritance structure, where node classificatioriotsl, disjoint and constant (s¢&5] for a more
thorough discussion). However, to adequately deecthe information in a hypermedia system, a
single classification criterion is very limiting.h€& aspectconstruct allows for definingdditional
classification criteria, which are not necessasilipject to the restrictions of being total, disfcamd
constant. Apart from a single “most specific ndglpe”, they allow a node to take part in other
secondary classifications that are able to change time. Also, aspects can provide an elegant

solution in many situations that would otherwis# faa multiple inheritance.



Aspects are defined as instancesgfect typesTo a certain extent, aspect types can be compared
role typesin the object-oriented paradigm, e[§2], in that these are associated with a “mainjeob
type, to which they model additional, specific béba In the same way, aspect types are inextricabl
associated with a “main” node type. However, tpeirpose is different. Role types are primarily ntean
to enforcesequence constraintgpon multiple, concurring life cycles of the saoigect type. Such
semantics are not present for aspects. The gahéaispect construct is to allow for an additionah-
disjoint and dynamic node classification mechanisesulting in “volatile” node properties. In this
way, aspect types are also comparable to subtypdsat they are able toverride properties that are

defined in the main node type.

The actual supplementary classification is accoshglil throughaspect descriptors An aspect
descriptor is defined as an attribute whose (discrete) valklassify nodes of a given type into
respective additional subclasses. In contrast toode’s “main” subtyping criterion, such aspect
descriptor should not necessarily $irgle-valuednhor constant over timeAspect descriptor properties
denote whether the classification aptionafmandatory overlappinddisjoint and temporaryfrozen.
Depending on these properties, a node instancemocah/have one/many values for the aspect
descriptor, which may/may not change over time.hEpossible value of an aspect descriptor is
associated with an aspect type. This aspect tyfieedethe properties that are attributed to thesctaf
nodes that carry the corresponding aspect descritue. An aspect type’s instancesspects
implement these type-level specifications. Eacheesfs inextricably associated with a single node,
adding characteristics that describe a specifipéas of that node, according to the classification

criterion that is represented by the aspect deserip

A node instance may carry multiple aspects andbsalescribed by as many aspect descriptors as
there are additional classification criteria fos itode type. As opposed to node types, aspects are
allowed to be volatile: dynamic classification dam accomplished by manipulating aspect descriptor

values, thus adding or removing aspects to a nbdesdime.



Aspect types feature the same properties as npas:tink typesandlayout However, their instances
differ from nodes in that they are not directlyemeble. An aspect represents game real-world
objectas its associated node and can only be visuadizeal subordinate of the latter. Aspect types are
able to override (i.e. refine) their “main” nodepgys layout and link type specifications. The
inheritance/overriding mechanism is similar to thechanism for “real” node supertypes/subtypes, but
because an aspect descriptor can be multi-valuedicplar care was taken so as to preclude any
inconsistencies that could result from non-disjaitassification (sed35] for further details). For
instance to model aartist that can be skilled in multiple disciplines, a thublued aspect descriptor
discipline defines a non-disjoint classification owatist, resulting in thegainter andsculptor aspect
types. Discipline-specific node properties are nhedlén these aspect types. Antist node that has
{painter, sculptor} as the values to @&sciplineaspect descriptor, e.g. tMeichelangelo node, features

the combined properties of iMdichelangelo.asPainter andM ichelangelo.asSculptor aspects (figure

2).
Aspect descriptor Discipline
(painting, sculpting)
Node type Artist Aspect type Sculptor Aspect type Painter
| . . |
Michelangelo:artist Michelangelo.asSculptor:sculptor Michelangelo.asPainter:painter
Discipline = {painting, sculpting} Discipline = {sculpting} Discipline = {painting}
I 1
Rodin:artist Rodin.asSculptor:sculptor
Discipline = {sculpting} Discipline = {sculpting}
[ I
Van Gogh:artist Van Gogh.asPainter:painter
Discipline = {painting} Discipline = {painting}

Figure 2: Aspect descriptor and aspect type

If the discipline aspect descriptor allows for a node to changasfsect descriptor value(s) over time,

i.e. it is not frozen, aartist node will be able to “gain” (or lose) additionasdiplines at runtime and



the classification (and node properties) becomesanhjc. Therefore, at the implementation level,
aspects can be seena@snponentghat are plugged into the “main” node object. his tway, aspects
can be used as real building blocks for nodes. kyples and layout definitions pertaining to a singl
“role” a node may have to play are encapsulatesione aspect type, which allows for the modeling of
a similar ‘aspect’ in otherwise completely dissamilnode types. In this way, different aspects
associated with the same node instance can evenditigrent editing privileges, such that updating
multimediacontentcan be delegated to different parties, each resplenfor a particular aspect of the

node.

2.3 Link typing and subtyping

In common data modeling literature, subtyping isamably applied toobjects never toobject
interrelations If additional classification of a relationshipptyis called for, it isnstantiatedto become
an object type, which can of course be the suljédpecialization. However, as for a hypermedia
environment, node types and link types are two regpacomponents of the data model with very
different purposes. It would not be useful to insite a link type into a node type, since suchesod
would haveno contentto go along with them and thus each instance wbaltbme an ‘empty’ stop
during navigation. Therefor®d)ESH considers link types as full-fledged abstract syfl@t can equally

be subject to subtyping.

Moreover, link types play an utterly important rafeeach stage of the developmentMESH based
hypermedia applications. Their properties such @sain, cardinalities and inverse allow enforcing
semantic constraints over node instances. At agpinal level, they represes¢mantic relationships
between the node types, which represkhain classesAt a navigational level, instances of the link
type define thenavigation paths hence they make out the actual hypertext stractét the
implementation level, they are stored as tupleshim linkbase (cf. infra) and they determine the
transitions between the different software comptsmeéhat make out the nodes’ implementations.
Moreover, the link types are used as input paramétethe nodes’ visualization routines, to cater f
context-sensitive node visualizaticas discussed further on in this paper. This seatiemonstrates

how specialization semantics can be enforced ngtupon node types, but also upon the link types. A
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sub link type will model a type whose set of ins&s constitutes a subset of its parent’s, and which

models a relation that is more specific than the modeled by the parent.

A link instance is defined as a source node - dastin node tuplen{, ny). Tuples for which this
association represents a similar semantic meaniag@uped into link types. A link type defines
instances that comply with the properties of theetgnd is constrained by @emain its cardinalities
and itsinverse link type The domain of the link type is the data type to which the litype is

attributed. This can be either a node type or geadgype.

If Lc is a sub link type resulting from a specializatawerL,, the set ofifs, ng) tuples defined by is a
subset of the one defined Hy. Moreover, L's properties (i.e. domain, minimum cardinality,
maximum cardinality and destination/inverse) caroberridden to provide for more specific semantic
constraints than the ones enforced Lhy If L. overridesL,'s domain, the specialization is called
vertical it is the consequence of a parallel classificataver the link types’ domains (through
subtyping or through an aspect descriptor), degdtirat the sub link type is attributed at a ‘lower’
more specific level in the node typing hierarchartlits parent. I£;.does not override,’s domain, i.e.
they share the same domaln,can still define a subtype &f, in the case wherk; models a more
restricted, more specific kind of relationship tHap independently of any node specialization. Both
parent and child link type are attributed at thmedevel in the node type hierarchy, hence the term

horizontalspecialization.

Examples of both horizontal and vertical link syditg are presented in figure 3: if thainter node
type is a subtype dartist, thehas-made link type leading to the artist’s creations canirfeerited and
overridden inpainter, to become théas-painted link type, which obviously entails a more specific
semantic meaning than the parent link type. Bec#usalomain ohas-painted is a subtype ohas
made’'s domain, the specialization igertical However, if the node typartist features a link type
exhibited-in, leading tomuseum nodes that exhibit some of the artist's work, @oeld imagine a
child link type dedicated-exhibitions, leading to only these museums that have an eexndition

dedicated to that particular artist, which obvigusfjain entails a more specific semantic meaniag th

11



the parent link type. However, this link type spdigation is independent of any node type
specialization ovewrtist. Both parent and child link type have the same alomhence the link
specialization ishorizontal Note that, for a horizontal as well as a vertidak type specialization,
instances of the child link type comply with thergra link type’s constraints, but may carry more
specific semantics than the parent’'s instancessilplgsreflected in stronger constraints for theldhi

link type.

— Exhibited-in

Artist T Artist
Has-made [~ Dedicated-exhibitions

2 %

Painter Painter

>
Has-painted

Vertical link specialization Horizontal link specialization

Figure 3: Horizontal and vertical link specialization

Apart from the domain, a link type’s cardinalitie®d inverse can be overridden as well upon
specializationMESH presents a formal overriding mechanism, wherentiquéar care is taken so as
not to violate the parent’s constraints, partidylém case of a non-disjoint classification. Forther

details we refer t§35].

2.4 MESH’s context-based navigation paradigm
24.1 Guided tours derived from the current context

MESHSs navigation paradigm is discussed thoroughl{3®], this section offers a brief overview. The
navigation paradigm combines set-based navigatiowiples[1], [19], [30] with the advantages of
typed links and a structured data model. The tyljpgd allow for a generalization of thguided tour
construct. The latter is defined as a linear stmgcthat eases the burden placed on the readeare hen

reducing disorientatiofb1].

In conventional hypermedia applications, tharent nodeis the only variable that determines which

information is accessible at a given moment; ndiggas only possible to nodes that are linkedhis t

current node. Its value changes with each navigattep as it represents the immediate focus of the

12



user’s attentionMESHintroduces theurrent contexas a second, longer-term variable that ‘glues’ the
various visited nodes together and provides a backgl about which common theme is being
explored. The current context is defined as thelipnation of acontext nodeand acontext link type

The context node represents the subject aroundhwthie user’s broader information requirements

‘circle’. The nature of the relationship involvesidepicted by the context link type.

A guided tour derives from the current context. fEfiere, MESH discriminates betweedirect and
indirect links. A direct link represents a lasting relatioetween two nodes. Direct links are typed and
reflect the underlying conceptual data model. Beeatlhey are permanent and context-independent,
they are stored explicitly into the hyperbase amdadways valid. E.g. the no@inflowers s directly
linked to theVan Gogh node. Anindirect link between two nodes indicates that they shelevancy

to a common third node. The latter denotes dbitextwithin which the indirect link is valid. As
indirect links not only reflect the data model, aiso depend on a run-time variable, therent
context they cannot be stored within the hyperbase. Hreyto be creatediynamicallyat run-time, as
inferred from a particular context. E.g. an indirkek betweenSunflowers andWheatfield is relevant
when exploring information related to Van Gogh bot when retrieving information with regard to

“paintings of flowers”.

As opposed to traditional guided tour implementajowhich are hard-coded into the hyperbase,
MESH allows for complex structures of nested tours agnafated nodes to be generaggdun-time
depending on theontextof a user’s navigation. A guided tour is definedaapath oindirect links
along all nodes relevant to the current contexesehnodes are directly linked to the context node
(through instances of the context link type) ardirgctly to their predecessor and successor imde

As they are chained into a linear structure, aclligorder should be devised in which the subsequent
tour nodes can be presented to the user. The rbegius criterion is in alphabetical order ohade
descriptorfield. More powerful alternatives, e.g. where tiger can provide ordering criteria or where
the system can suggest an “optimal” ordering baseprevious navigation steps, are discussdgd4h

For instance in figure 4 the conteXan Gogh.has-painted yields a guided tour (represented as a

13



dotted line) among the nodekrises, Potato eaters, Starry night, Sunflowers, Wheatfield,

Van Gogh as thecontext nodendhas-painted as thecontext link type

Wheatfield

/ \\
.’ . Irises
/ \

{ !

Sunflowers . Potato eaters

Starry night

Current context: Van Gogh.has-painted

Figure 4: Example of context and guided tour

2.4.2 Navigation within and orthogonal to the current tour

...} with

Navigation inMESHcan be classified according to two dimensionsstFhere is movindprward and

backward within the current tour, along indirect links. $ed, and orthogonal to this,

there is the

option of movingup or down along direct links, closer to or further away frdhe session’s starting

point. The former provides “linear” assistance tdigoriented user, the latter offers the navigation

freedom that is the trademark of hypertext systems.

Moving forward or backward in a guided tour alongdirect links, results in
following/preceding the current node being accedsetiecome the new current node

context is unaffected (figure 5).

Wheatfield
Irises
Van Gogh
Sunflowers . Potato eaters
Starry night

Current context: Van Gogh.has-painted
Current node: Starry night = Sunflowers

Figure 5: Navigation within the current tour
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Moving down implies an action of ‘digging deepentd the subject matter, looking for additional
information regarding the current node. This iscawplished through selection from the current node
of a direct link type. In the case ofumique destination node, the result is the latter nodedgbe

accessed. In the case ddetof destination nodes, the outcome is a new ndetedbeing started.

Indeed, instead of selecting a sintjg instance similarly to the practice in conventional hypetiz
a navigational action consists of selectamgentire link type Selection of ainique link typeesults in a
single destination node being accessed, e.g. nkepe selectiorsunflowers.exhibited-in results in

the nodeNational Gallery becoming the new current node. The context isfanssd.

Selection of anon-unique link typérom a given source node effects intgw@ded tour along a set of
nodesbeing generated. Such action inducesm@text changea new context emanates, resulting in new
indirect links. The result is a new guided toursted within the former, generated in accordancé wit
the new context. The tour includes all nodes thatfiaked to the given node by the selected lirgety
e.g. selection of the link typBunflowers.reviews results in the guided tourview #1, review #2,
review #3...}. The current nodé&unflowersis denoted as the new context node. The non-urigke
typereviews defines the context link type. The first revievatessed to become the new current node.
Suchcontext changeeflects the user's decision to concentrate onctireent node as a new topic of

interest. All indirect links are destroyed and gt around this new context (figure 6).

Wheatfield
Irises

Van Gogh

/ Sunflowers. .Rewew #1
{
| ; Potato eaters

\
\ /
Review #3 .\\\\7_."/

Review #2 Starry night

Current context: Van Gogh.has-painted = Sunflowers.reviews
Current node: Sunflowers = Review#1

Figure 6: Navigation orthogonal to the current tour
Hence contexts, and consequently guided toursegest in layers. As such, it is possible to ‘delve’

into a subject and have multipdpentours, nested within one another, where the comtede of one

15



tour is the current node of the tour it is nestedNavigation along indirect links is invariablyrdad

out within the “deepest”, i.e. most recently stdrteur. Continuing a tour on a higher level is only
possible if all tours on a lower level have beethexri completed or disbanded. The latter is
accomplished bynoving up which reverses the latasibve dowraction. If the latter involved a context
change, the move up action results in the reestabknt of the previous context and the cancellation
of the tour generated through this most recenttiyple selection. The previous context’s contextenod
and indirect links are restored. In this way, tilseruperceives the network structure in a very aatur
way as ahierarchy, which as discussed [®] greatly facilitates comprehension. However MESH
such hierarchic view is neither static nor pre-gedi, but develops gradually as the user explomes th

information.

2.4.3 Abstract navigational actions defined as link type selections

Both forward/backward and up/down types of naviatcan be described abstract navigational
actions i.e. they can be described as litype selections but are independent of the actual link
instance(s)involved. The latter ones can be calculated autically at runtime, based on the current
context and the direct links stored in the hypegbddoreover, the practice of node and link typing
allows for casting navigational actions to a whdkssof nodes, regardless of the actual instance they
are applied to. In this way, selections of litgbesthat exist at a sufficiently high level of abstian

can be imposed upon every single node belonging tour. E.g. in the context &fan Gogh.has-
painted, apainting#x.reviews selection can be issued oncetour level, with additional (nested) tours
being generated automatically for each node ppétiig in theVan Gogh.has-painted tour. If these
tours in their turn include navigational actions type level, a complex navigation pattern results,
which can be several levels deep. Still, it is pared by the end user as one giant guided tourghwhi

actually consist of multiple, nested subtours. €hgrety of these tours can be traversed sequintial

The abstract navigational actions and tour defingisustain the generation of very compact ovewriew
and maps (either hierarchic or network-based) ohpete navigation sessions. Such maps can be
based solely on high-levelvigational actionsand currency indications of open tours, withoutrgv

singlenodeparticipating in the various tours being retain€de same information can also be used in
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bookmarksi.e. bookmarks iMESHdo not just refer to a single node but to a coteptavigational
situation which can be stored and resumed at a later tadst important to this paper, however, is
that each navigational action can be describedring of dink type navigationwithin the current tour
is defined by the context link type. Navigatiorthogonalto the current tour can be described by the

newly selected (unigque or non-unique) link type.

2.5 A platform-independent implementation framework
25.1 Separation of navigation structure from node layout

Although in theoryMESHs data model and navigation paradigm can be impiged above any
physical hypermedia architecture, this section gmssone possible implementation framework that

fully supports all oMESHS facets.

Indeed, the navigational paradigm presented inptevious section requires a hyperbase that is
searchabldor its link structure: to generate the necessgaiiged tour links at run-time, the application
needs to be able to query the hyperbase for nadated to the current context. As a consequence,
there are two alternatives for hyperbase implentimaThe first one is to encapsulate all linkshivit

the body of the nodes, as it is the case in mameimgedia environments, such as standard HTML
pages in the WWW. However, unlike many other emvinents MESH should allow for all nodes to be
queriedfor their link information. This would call for anbject-oriented database system where each
node is an object and where all links are represkas symbolic pointers to other objects, which can

be queried by means of an object-oriented querydage such as O(IL2].

However, such “universal storage” approach, foratighodes with their (possibly very distinct data

formats) into one proprietary object-oriented dasghmodel, would result in an unacceptable lack of
openness and dependence upon one specific objentet DBMS. Therefore, a second alternative
was opted for, where thaformation contenandnavigation structureof the nodes are separated and
stored distinctly into storage devices that arlotad to the specific needs of the type of infoliorat

stored. A simple relational database can be usedpture the link structure and meta-informatién o

17



the hypermedia system, along with references topthesical addresses of the corresponding nodes.

This “universal access” option leaves much moredaen to implement theontentof a node.

25.2 Stages in MESH based hypermedia design

As discussed further in sectidnh3, MESHs current runtime application consists of a reatiro
environment. Authoring is to be accomplished troughseparate, offline design environment.
Nevertheless, the above mentioned relational dataptays the role of Enkbase/repositorywhich
furnishes the necessary metadata and linkage iattomduring the design phase as well as at runtime
This subsection discusses the different stagd4E8H based hypermedia design, whereas the runtime
application architecture is discussed in the sulie) subsection. Both issues, as well as the

linkbase/repository’s vital role in them, are sunized in figure 7.

As mentioned previouslhgonceptual/logical designan be based directly dESH constructs or can

be accomplished by means of a preliminary UML cllisgram, which is then translated inttM&SH
model. The resulting specifications of node tygiesk types, aspect descriptors and aspect types are
stored in the linkbase/repository. Dotted linefigmire 7 represent information being transferethe

linkbase/repository at design time.
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Conceptual/logical design:
(Direct input from requirements analysis or from an existing UML model)
Specification of metadata, to be stored into the linkbase/repository:
-Node types (cf. conceptual classes)

-Link types (cf. association types)

- Aspect descriptors (cf. additional classification criteria)

Link type, node type and aspect
- Aspect types (cf. "subordinate" object types)

_ type definitions and constraints are
“~~._stored in the linkbase/repository
Navigational design:

-Refinement of the conceptual design, considering the instances of the \
node types will be the actual units of currency during navigation

Link implementation:

A\
- Definition of link instances, to be stored in the linkbase/repository
-Navigation patterns can be tested, based on a system-generated \
navigation panel and information from the linkbase/repository, Link dinth \
even before the nodes' actual content is implemented \ inks are stored in the

<. linkbase/repository as Y
Layout design:

“so_ (ns, ng) tuples <
(Define layout templates for each node type and aspect type) )

- Determine placeholders for multimedia objects

-Determine how an aspect template's placeholders map to the “main”
node's template

- Associate user interface events with navigational actions
- Associate a visualization routine with each link type

A

Node implementation: T

(individual nodes are implemented as system e , .

components with a limited external interface) S The nodes’ physical
. . Ve locations are registered in

- Create the nodes' or aspects' multimedia content

in correspondence with their type's template
-lImplement each node's visualization routines, based
on its attributed link types .
- Aspects are implemented as separate components that can be Query for unique
"plugged" into the main node destination node
or guided tour

the linkbase/repository

Physical
addres of
destination node

-This can be done for each node separately, without knowledge
of other node or link instances

N

Runtime:

- Interaction between nodes, hyperbase Navigational
engine and linkbase/repository

action issued Hyperbase engine

from current (with session information)
node
Method call on
el i T e

Nodes are
deployed as
components

destination node

Heterogeneous node
implementations

Figure 7: Development stages and runtime interaction for a MESH application

Because typical navigational constructs are geaeératitomatically at runtime, tmavigational design

efforts can be kept to a strict minimum: the natiaggeal design can be seen as a refinement of the
conceptual design. For instance, conceptual clagsese instances should not be treated as rea unit
of currency during navigation, can be subsumed atih@r conceptual classes to become a single node

type. Once the navigational design is completed, shbsequent design efforts can be executed
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concurrently and independently: on the one halidk instances can be created in the
linkbase/repository as@urce nodedestination nodetuples. Hence, these are stored separately from
the nodes’ actuatontent This approach allows for the entire navigatiomaure to be developed and
tested before the nodes themselves have been impledh On the other hand, the design tHyaut
templatefor a given node type or aspect type can be choi¢ without knowledge of other node or
aspect types: the only “exterior” information negdege the link types attributed to the node type or
aspect type for which the template is being dewedofse sectioB.3.3 for further details). Afterwards,
node and aspect instances can be coded in corc=pon with their type’s template. Nodes and
aspects are deployed as loosely couglethponentdnto the final system. Again, each individual
node’s behavior can be implemented and tested witkoowledge of other nodes or the actual

navigation structure, solely based on the link syjeterfacing role.

253 MESH's runtime architecture

In broad outlinesMESHs implementation architecture and interaction nagtiem correspond to the
OHP framework proposed by the Open Hypermedia Comitsn§l18], [41]. The resulting system
consists of three types of components:rhdes thelinkbase/repositoryand thehyperbase enginall
depicted in figure 7. The solid lines represent dotual runtime interaction mechanism.[84], the
implementation framework was deliberately kept peledent of any actual software platform.

However, the current prototype is Web-based.

The nodesside of the hypermedia system is considered astentially heterogeneousollection of
entities, ranging from flat files (e.g. HTML fragmts) to objects in an object-oriented databaseh eac
containing one or more embedded multimedia objedtales are very loosely specified. They only
have to be associated with a filename or any ath&jue identificatiorand should be able to return a
navigational action(see below) upon closure. However, since link rimation is stored separately
from the nodes, a node does not have to be a sddecbbject. Its internal content is shielded fribwe

outside world by the indirection of link types pilag the role of a nodelsublic interface
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Since a node is not specified as a necessarilycts@lale object, linkage information cannot be
embedded in a node’s body. Links, as well as mata about node types, link types, aspect descsiptor
and aspect types are captured within the searcHatibase/repositoryto provide the necessary
information pertaining to the underlying hypermediadel, both at design time and at run-time. This
repository is implemented in a relational databEsaronment. Only here, references to physical node
addresses are stored; these are never to be enhiedd@ode’s body. All external references arbeo

made through location independent nodés.

The hyperbase enginis conceived as a server-side application (thesatiprototype is servlet-based)
that listens for navigational actions issued frév@ turrent node, retrieves the correct destinataate,
keeps track of session information and providesitias for generating maps and overviews. Sinde al
relevant linkage and meta information is storedhe relational DBMS, the hyperbase engine can
access this information by means of simple, prénddfdatabase queries.e. without the need for
searching throughode contentin its most rudimentary form, a query to calcellal nodes in a guided
tour as resulting from selecting the link tyfeeSelectedLinkTypieom the nodeheCurrentNodecan

be generated automatically and looks as followsa@tnal query will be more complex as also child

link types are to be taken into consideration):

select n.nodelD, n.nodeName, n.physicalLocation, It.linkTypeName
from nodes n, links I, linkTypes It

where LlinkType = :theSelectedLinkType_ID

and l.sourceNode = :theCurrentNode_ID

and n.nodelD = |.destinationNode

and It.linkTypelD = LlinkType

order by n.NodeName [or some more complex ordering criterion]

The combination of the hyperbase engine and lirddbagository closely matches the concept of a
linkserviceas defined in OHP. However, its task is more alate) as a crucial part of its functionality
lies in keeping track of the current context andutegng guided tours from run-time information (the

current context) and persistent information (stoliets and metadata). Its is also to provide the
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destination node with information about the linkéythrough which it is accessed, which is essetttial

context-sensitive node visualization, as discu$sgtier on in this paper.

As described above, nodes do not refer directlgrte another. Rather, node interaction is based on
their attributed link typesand mediated by thkeyperbase engin€lThe interaction mechanism can be
compared to object-orienteiethod callsand return values with the link types defining a node’s
public interface. The implementation of these mdthis embedded in a node’s body and shielded from
the outside world, according to the object-orien¢edapsulationand information hidingprinciples.
The remainder of this paper discusses this intier@chechanism and indicates how it greatly fadgisa

hyperbase development and maintenance.

3 An object-oriented approach to node interaction
3.1 The anchor notion

The traditional concept of aanchor as defined e.g. if27], is purposed at allowing a link to be
associated with aimternal componenof a node. In this respect, its applicabilityvisfold: on the one
hand it allows for aincominglink to refer directly to one or more of a nodefsleedded multimedia
objects, e.g. to refer to a specific fragment tex document or a specific sequence in a video @in
the other hand, it allows for autgoinglink to be selected from the node component dénishored to,

e.g. by clicking the anchor.

If the granularity of linking is to be more delieathan simply connectingntire nodes some sort of
anchoring is indispensable. Several hypermediacagpes, such g27], [40], consider anchors as
first-class objects, i.e. an anchor is a full-fledghypermedia component. Links are defined between
two (or more) anchors, rather than between nodasing anchors as separate constructs, independent
of the links, certainly has the advantage thatlittiéng mechanism is not burdened by the “internal
node affair’ of anchoring the link within the nodentent. This is especially important if the node
content may consist of heterogeneous media tymessilgy requiring completely different methods of

anchoring (e.g. movie sequences versus textualanedi
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From a pure data modeling point of view, it is meicessary to discriminagource anchorgrom
destination anchor$27]. Both have the same purpose: referring torivdecomponents of a node’s
content. However, on a behavioral level, thereabelt is a differencg22], [33]. A sourceanchor is to
induce a navigational action upon stimulation; teitcshould be able to receive some kind of user
input. The most well-known example is the traditibbutton or underlined word. At this stage it lisoa
possible, if required, to test fpreconditionsthat determine whether the navigational actioallsved

to take place at all. A destination anchor infllenthevisualizationof a node and may work upon one
or more multimedia objects in a node’s contentisltnarrowly coupled to a nodejsresentation
methods For instance a source anchor to a link betwepaiting and itspainter should be able to
provoke a navigational step from tpainting to the painter, whereas a destination anchor (to the
same node) should determine how plaenting instance is to be visualized, given it is accessemligh
the corresponding link. Hence the destination andetermines thpostconditionf the navigational

action, i.e. the state in which the hypermediaesysis left after completion of the action.

3.2 Encapsulation versus anchoring

Both source and destination anchors have the psopsr “pointing” to one or more specific
multimedia objectswvithin a given node. Consequently, if a node is seennaebgect, the anchor
concept violates thencapsulationand information hiding principles of object-orientation. These
principles state that an object is to encapsulifaractionality necessary to manipulate its owatst It
should hide its properties and method implementatioom the outside world and is to offer only a
limited interface for external objects to call upon. Through thigeiface, the external objects
communicate with the object and use its servicsls,far embedded information etc. External objects
should not have knowledge of an object’s interralpprties. This principle is very advantageous in
terms of maintainability and reuse: the internakdiees of the object can be changed drasticallyowit
affecting other objects, as long as the interfacthé outside world remains unchanged. An objeat ca

even be replaced by a different object, as lorg similar interface is offered.

An anchor object as it is traditionally defined, hea source or destination anchor, violates the

information hiding concept by referring to a nodejeat’'s internal (multimedia) components. To
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benefit from the information hiding principle, ausoe and destination anchor should be known only to
a link's respective source and destination noddseréfore, MESH does not define real anchor
components that can be referenced externally,daviels anchoring to theternal node desiginstead.
Links are directly defined betweemodes not betweenanchors Both a node’s “incoming” and

“outgoing” links are dealt witinternally, by the node itself.

3.3 An object-oriented alternative to anchoring: link types as the interfaces for node

interaction

331 General principle

However,MESHreconciles the need for anchoring with the endagism concept by providing a truly
object-oriented alternative: instead of externakposing anchors to a node’s internal multimedia
objects MESHuses a node'attributedlink typesto interface between the global hyperbase objexts a
the node’s internal components. By calling upon thgplicable interface method, the node
autonomously determines the suitable multimediaesanto be presented. The association of a user
interface event with a navigational action can bensas the equivalent ofsaurce ancharif a user
interface object is suitably ‘stimulated’ by theetsthe corresponding user interface event causes a
navigation step Because oMESHS navigation mechanism, such navigational actiah actually
correspond to the selection ofirsk type This link type provides the hyperbase engine witheans of
calculating the appropriatdestination nodeas the next/previous node in a guided tour, thelei
destination node of a unique link type or the firstle in a newly started guided tour, defined mpia-

unique link type.

The link type not only has an influence wahich node will be accessed next, but also wich
visualization methoavill be called upon this destination node. Indetbé,destination anchoconcept
is generalized by the so-calledntext sensitiveisualizationprinciple: a node’s visualization is made
sensitive to thecontext defined by thelink type within which it is accessed. Each link type
corresponds to @resentation routine which provokes a befitting visualization of theode’s
multimedia objects within a particular context. iderthe same node will visualize itself differently,

depending on the context in which it is accessdw. [atter is accomplished without a link referriog
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the actual multimedia objects: the appropriate bieinas encapsulated and hidden within the noda as
presentation routine’s implementation. The two sgent subsections further elaborateMBSHs

alternatives to source anchors and destinationcackspectively.

3.3.2 Link type selections instead of source anchors

It has already been discussed how navigationabragtiboth within the current tour and orthogonal to
the current tour, can always be described bykatype The latter defines the context within which the
action takes place, or the new context inducedhbyarction. Exactly such link type will make out the

return value a node passes to the hyperbase engine.

Each node defines its own user interface, as spdcif its type’s layout template. In this way, it
provides the user with a means to interact withnibde and explore its embedded multimedia objects.
Consequently, a user interacts with only a singléenat a given time. It is thirrentnodés duty to
accept the user’s choice for the next navigatim@p and to present the hyperbase engine with an
indication about which node to access next. Hovser's choice for a navigation step is to be made
known to a node is, again according to the encatieul principle, left to its internal design. Asany
hypermedia environment, this can be accomplisheduth clicking underlined words, hot spots,
buttons, clickable maps etc. However, independenitlthe implementationMESH defines asource
anchoras the association betweenser interface everand alink type selectionAs the consequence
of a navigational action being issued by the usercurrent node islosed i.e. it is abandoned in favor
of another node to beccessednd to become the ‘new’ current node. Upon clgsiiies node passes a
return value to the hyperbase engine: the ID ofsiilected link type. In contrast to other approache
the anchor is not to be known outside the nodis:dbnsidered an internal node property and doés no
belong in the conceptual hypermedia model. Its @m@ntation can vary from node to node, depending

on the node’s implementation and the correspondsggg interface object that induces the event.

MESHgreatly improves node independence and maintdityaby anchoringlink typesinstead ofink

instanceswvherever possible. A link type anchor is independé the node instance and can be defined

once at an aggregate level in a node type’'s (eadppe’s)layout templateThe “anchors” remain the

25



same for each node (or aspect) instance, indeptnd#nthe corresponding link instance(s). Hence
maintenance of the individual link instances (ire inkbase) does not affect the node’s internal
properties and whenever a new node instance iaatkfsuch anchor can be generated automatically.
Upon stimulation of the anchor, the correspondink type ID is passed to the hyperbase engine. Only
here, it is mapped to one or mdiek instancesand, eventually, destination nodes. In this way,
selection of the link typé from the source nod® results in a set of destination nodgs := {ny | (ns,

ng) O L} which is calculated at runtime.

A unique link type is mapped to a singleton, i.en&ue destination node, e 3unflower s.painted-by

:= {Van Gogh}. A non-unique link type is mapped dagyuided tour of which the first participating
node is accessed. Such a guided tour is derivathtitne and consists of all destination nodesri li
instances of the selected type, which have theenimode as source node, &/@gn Gogh.has-painted

:= {Potato eaters, Self portrait, Sunflowers,...}. These nodes can be visited sequentially byuses.
Moreover, a source “anchor” to the link typ@s-painted can be defined in the layout template
associated with the nodgpe painter. At runtime, stimulating this anchor in apginter instancewill
provoke a guided tour along all paintings paintgdhis particular painter. Note that apginter node
“anchors” the same actidmas-painted, independently of the actual node and link instandt’s the
hyperbase engine that translates this action taided tour, based on the current context and the
information in the linkbase/repository. This approaloes not only facilitate development to a great
extent, but also improves the user’s grasp on theying hypermedia structure by providing similar

anchors to similar links. As such, cognitive overth@nd the risk of disorientation are reduced.

In addition, since all relevant linkage and mettorimation is stored in a relational database, the
hyperbase engine itself is always able to genexaeparat@avigation paneupon user request. This
panel can provide the user with a complatele overviewa hierarchical index of all accessible
destination nodes, based on the link typing hiénaréloreover, it could provide information about
possible guided tours, local maps, fish-eye vietgs I¢ is important to note that such informaticanc
be provided through simple, pre-defined and pararizetddatabase querigs.e. without the need for

searching through internabde contentln addition, such navigation panel can provideser interface
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to select navigational actions in the case whegentide collection includes “third-party” objectxbu
as word processor or spreadsheet documents, whaghnot encompass a means for anchoring links

themselves.

Finally, the navigation panel would also inform th&er about what is callatbn-advertised link$n

[2], i.e. links that are not explicitly anchoredideed, most nodes will have many more links than th
ones that are explicitly associated with one or emoser interface events. All links representing
relevant semantic associations between nodes @medsin the linkbase, even if they are not used as
explicit navigation paths: they serve as inputeoeyate appropriate guided tours. This is alsaglgrt

a consequence of inverse links being automaticgherated for each link added. For instance whereas
eachpainting may anchor a link to itpainter, it may not be desirable forpainter to anchor links to
each individuapainting, although these links will be present in the liakb. Rather will the link type
has-painted be anchored, to start a guided tour of all of entpds work. Therefore, one of the few
decisions to be made during navigational desigmhish of the links or link types attributed to a/g
node type (or aspect type) will actually be ancHoi€s the designer’s responsibility to weigh e
supply of relevant additional information agairntst risk of cognitive overload due to an overdose of
link anchors. In the case of link types having gpbs, there is also the choice between anchorilyg on
the parent link type, only the children or both grdrand children. However, these decisions never
affect navigational freedom, as all links are stoirethe linkbase/repository. Even non-anchorelslin
(which incidentally may represent associationsvaaié to the user) can be made visible by a system
generated node overview. The only restriction s possibility of certain deliberatgreconditions
preventing a given navigational action, as appéiegl in computer based learning systems or simply

because not all users have the same access rights.

3.3.3 Context sensitive visualization instead of destination anchors
3.3.31 A node type’s layout template

Because an external destination anchor referring tmde’s internal multimedia objects violates the
encapsulation and information hiding paradigESH provides an alternative approach. Instead, a

node can be endowed with the intelligence to tusevisualization to thecontextin which it is
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accessed. Node visualization MESH builds upon two elements: layout templates andention
routines. Thdayout templateassociated with eaatode typeandaspect typalescribes its instances’
multimedia objects on an abstract level and enforeuniform user interface and consistent node
layout. Thepresentation routin@ssociated with eadmk typedenotes how a node is to be visualized,
when accessed through this link type, i.e. in di@aar context. This subsection deals with the enor
general aspects of layout templates and node Vistiah. The subsection hereafter elaborates on the

context-sensitive node visualization mechanism.

Indeed, as discussed in detail[3#], each node type is to be associated withwis tayout template,
such that all of its instances share a similarKlaad feel”. The template describes on an abskeaet
what multimedia objects should be available andndsfa complete presentation framework of all
information content encapsulated within a nodeains¢. This framework is unique for a given node
type and is independent of the link types throudtictv node instances will be accessed. Designing a
template for node presentation can be seen abuditiy a set ofplaceholderstowards the output
device(s) and specifying how the respective plalteie should be filled up by a given node instance.
For example a template could be defined as an XkhHema, combined with a style sheet. However,
the notion of placeholders should be looked upoa most general meaning, again depending on the
possible media types. If the application includesli@, the audio track can also be seen as a
placeholder. In the case where time dependent npddjaa critical role, the two spatial co-ordinates
can be extended with an additional temporal coratsi. Synchronization among the multimedia

objects can be accomplished e.g. by defining theim &MIL presentatiof3].

Just like link types, layout templates can be iitedrand overridden in both child node types and
aspect types. Intentionally, the description of ly@ut inheritance and overriding mechanism istkep
very general and abstract [84]. The concrete approach will again depend omplémentation
environment, multimedia data types etc. No mattaw,la consistent layout can be enforced across all
node types, by defining common layout propertiesrinabstract level's template amheriting and

refining them at more concrete levels in the node typieganchy.
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Associatingaspect typesvith a layout template too allows for similar laygroperties to be modeled
orthogonally to the node type inheritance hierarchy aspect instance presents its own embedded
multimedia data, as determined by the aspect typeplate. As described earlier, the aspect cortstru
was introduced so as to embody both link types rmnttimedia objects that pertain to a particular
“aspect” of a hode. Such aspects can be addedmmvedl at run-time, allowing for node properties to
be acquired or lost dynamically. Upon visualizatian node instance will present itself with its
associated aspects. For that purpose, the “maitié’sdayout template is to define placeholders,esom
of which have their content delegated to a pamicakpect descriptor. Aspect types that correspmnd
this aspect descriptor are to feature a layout ket@phat determines how a delegated placeholder is
be filled. Instances of such aspect type contagnattiual multimedia objects, which are visualized i
the placeholders, along with the main node’s owritimadia objects. If a node contains multiple
values for the same aspect descriptor, multipleespwill concur to fill the placeholders delegated
this aspect descriptor. For such multi-valued asgescriptors, the main node’s user interface is to
provide a means to switch between different aspafctse same node. E.g. thMichelangelo node is

to provide a mechanism for switching between itMichelangelo.asPainter and
Michelangelo.asSculptor “appearance”. Again, this can be defined e.g. leams of a SMilexclusive

time container

Aspects are utterly beneficial to data modelingpaperties described on an abstsgpect type level
can be packaged and inherited as a whole acrogiplaufor the remainder completely dissimilar,
node types. At thamplementatiorlevel, this also introduces a measure of modw#ion, such that
different aspects to the same node can be codiedi@sendent components that are “plugged” into the
main node. The main node cannot reach directhhéoaspects’ multimedia objects: it only offers a

“forum” for an aspect to present its encapsulatattent.

3.3.3.2 Link types/presentation routines as a node’s interface

Whereas layout templates are designed without derisg (relations to) other node types, the link
types glue the different nodes together into alsimgtwork. This subsection denotes how a node’s
visualization is madeontext-sensitiyesuch that it reacts to a given link type by pntisg the most

relevant portion of its content. The latter cande®en as a generalization of the destination anchor
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concept, with the added advantage of the actudemmgntation of this anchor being hidden from the

outside world.

Indeed, many types of multimedia objects can baalised in multiple ways. For instance a simple
HTML page can be “scrolled” to a certain positiohem presented on screen or a video file can be
started from a given fragment. In traditional enaiments, this is achieved by associating a degtmat
anchor with the desired fragment. In more soplagtid environments, where multiple objects can be
visualized on screen at the same time, a destmatichor may determine which (subset of) a node’s
multimedia objects is displayed on screen in amis#uation. I'MESH such destination anchors are
not exposed to the exterior, but are only accesdioim a node’s own interngresentation routines
Only the interface of these routines is accesditden outside, their implementation (by means of
traditional anchors or otherwise) is hidden. Howgupon node access through a link of a given type,
i.e. within a givercontext a suitable presentation routine is selectedgoalize the node in a way that
is appropriate in that particular context. A poksilvay of implementing this is the link type beinsed

as input parameter to a SMIL presentation, hentteeincing which multimedia objects are displayed

and when.

As described previously, a link's source node passéink type ID as return value to the hyperbase
engine upon closure. The hyperbase engine mapérkig/pe unambiguously to an inverse link type,
attributed to the destination node (9@d] for more details on the exact mapping mechahis
Therefore, by providing a node type with as mangspntation routines as it has link types, it can
present an appropriate reaction to each contewtich it may be accessed. The presentation routine
associated with a link type determines which sulifethe node’s (and corresponding aspects’)
multimedia objects, as assorted in its layout teweplis to be visualized upon node access throagh a
instance of this link type. This allows a node &densitive to why it was accessed, such thatsbe u
can be directed to the most relevant section(sh@hode’s information content. Hence, in conttast
e.g.Hyperbasd46], MESHis in no way limited to interlinking nodes in the&intirety. Obviously, the
actual implementation of this approach dependshenimplementation environment and multimedia

data types involved. The presentation routine mayrerely a matter of selecting a subsection of an
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HTML document or, in richer environments, it maglirde scenarios for starting audio tracks, video

sequences etc.

For example, selecting the link typainted-by from the nodeSunflowers, results in the nod¥an
Gogh being accessed through a presentation routineciassd with its ownhas-painted link type
(figure 8). This presentation routine may visual&zdifferent subset of the Van Gogh node’s content

than e.g. a visualization routine associated wiktaa Gogh.native-village link type.

Link type selection Mapping the link type to the correct inverse Method call to the
In source node: by the hyperbase engine: destination node:

Sunflowers.painted-by - = Painting.painted-by 2 -Painter.has-painted Van Gogh.has-painted()

Figure 8: Mapping of a link type selection to a presentation routine
Again, this approach has the advantage that allired| behavior is encapsulated within the respectiv
nodes. Moreover, it allows for visualization prapes to be laid down once on an abstract level bot
layout template and attributed link types are ntyghe or aspectype properties. Consequently, similar
nodes will present a similar reaction to similaxklitype accesses. However, where necessary, general
properties can be inherited and overridden to i@\or a more specific reaction by meandik
subtyping A sub link type models a more specific relatiagpshetween two nodes than its parent,
potentially provoking a more specific reaction Ime tdestination node, by means of a more specific

presentation routine associated with the link type.

To summarize, node interaction is regarded asdatien betweerself containedbjects Each node
defines its own routines for visualization and ratgion with the user. When a user selects a
navigational action in the current node, the latieises and passes a link ID rasurn valueto the
hyperbase engine. The engine calculates the catestination node from this return value and calls
presentation methodipon the latter. The node’s actual implementai®rhidden; its presentation
routines define itpublic interface By associating a presentation routine with eadhtype attributed

to a node type, the node type’s instances are pgdipith an appropriate visualization routine facle

context in which they can be accessed. This cleparation of concerns between source node,
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hyperbase engine and destination node results verga loosely coupled system; the source node
needn’t be concerned with the destination of a &inll vice versa, such that updates to one node (or
the link structure) by no means affect other nodeshtent. This obviously greatly benefits
maintainability, as well as the ability to delegates initial development of individual nodes to
independent parties, which only need to have kndgdeof a common link type structure. Moreover,
note that the current node is always fully resgaedior its interaction with the user; minimally,is to
provide a means for specifying the next navigatitep. Until the node is closed, all navigational
control lies within the node’s code; the hyperbasgine has nothing to do with this. Therefore, a
node’s user interface and “internal” navigation heeism can be encapsulated, implemented and

tested on their own, independently of the reshefttyperbase.

4 Related Work
4.1 System architecture

As already explained at the beginning of the pamdnect-orientation was initially applied in
hypermedia to modebystem componentsather than theconceptual domainSystems such as
Microcosm[16], Hyperform[53] and Hyperstorm[4] take advantage of an object-oriented approach
and offer a low-level data model that provides HBfh$perbase management system) functionality.
The latter includes unique OID’s, enforcing intégreonstraints, offering concurrency control, crash
recovery, versioning, support for collaboratiorgkimg, access control, query functionality, mukieu
access, transaction management etc. They are pftsitioned between a presentation layer and an
underlying general-purpose OODBMS or sometimes RI3BMowever, as these systems do not
implement a specific data model, the object-origrapproach mainly pertains to themponent®f a
hypermedia application, rather than offering areobpriented view of thdomain modethat is to be
represented in the application. Also, navigatiomasatics are not specified and are left to the desig

of each specific application implemented within HHBMS.

Whereas earlier efforts envisaged a rather monolghproach, these more recent systems set out from

the premise that node content (i.e. multimedia @b)eand links are two completely different consept
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in a hypermedia environment, with distinct manipiola and storage requirementdlESH has in
common with such systems that the coupling betwbendifferent components is kept as loose as
possible. This results in links being isolated fromwde content and being stored in a separate link
database. Henc&ESHroughly shares the same principles on system,legeappointed by the Open
Hypermedia System community in OHP8], [41], but apart from that explicitly specifies settias

for conceptual data modeling and navigation. Theedgorms an additional motivation for a separate
link database, to be able to generate guided toynmeans of relational database queries. Moreover,
MESH explicitly stores all conceptual metadata, i.efinitdons of node types, link types, aspect
descriptors and aspect types and all correspontmgtraints, in its linkbase/repository. Its object
oriented approach is not restricted to the systemponents, but also applies to the hypermedia’s
domain model The objects represented in the domain model axist as components in the final
system, along with the hyperbase engine. The looseling is, true to the object-oriented paradigm,
accomplished by means of interfaces that hide entafed functionality. These interfaces correspond

directly to link types in the conceptual model.

This explains another difference betwdd&SHs linkbase/repository and OHP’s linkserver notion:
neither anchors nor presentation specificationsstweed within the linkbase. The way in which a
source node generates navigational actions adyjpk selections and the way in which a destination
node visualizes itself according to the link typeotigh which it is accessed is considered an iatern

node property, to be encapsulated within a nod®'sent.

4.2 Conceptual domain modeling and navigation

Whereas the object-oriented techniques used inHBMSs described above are mainly aimed at
modeling functional behavior of the system’s congts themselves and for supporting specific
media types, i.e. to facilitaienplementationapproaches such &RM[33], RMM [28], HDM [23]
and OOHDM [44], [45] have in common wittMESH that the modeling of theonceptual domaiis
accomplished through object-oriented or entitytiefeship techniques. Differently to said HBMSs
(and also to most non hypermedia-specific objeirted methodologiestructureandrelationships

prevail overbehavior as important modeling factors. Howev&ESH is the only approach that
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provides modeling primitives such as link subtypargd a node classification mechanism supporting
plural, dynamic specializations by means of asplescriptors and aspects. As a consequence, each
node corresponds to a real world concept hencegatiwn in MESH closely matches navigating
conceptual space as defined3@]. The latter distinguishes betweleyperspacendconceptual space
Hyperspace refers to the hypermedia structuref,itediereas conceptual space involves the actual
concepts and interrelations represented in the rhygdia system. Aclose correlation between

hyperspace and conceptual spagelaimed to significantly advance comprehensiod orientation.

EORM RMM, HDM and OOHDM restrict themselves to a “standard” entity-relasioip or object-
oriented approachNebML[13] provides a recent, model-driven approach tb wite development.
Complex web sites are initially specified at thaagptual level. Of all systems mention®debMLs
data model is the one that resemtESHs the most. At least on the level of individualdeotypes,

as WebML does not provide an inheritance mechanism, linbtyging nor secondary node
classifications by means of aspect descriptorsaspects. Moreove¥WebMLdoes not provide its own
data model but borrows from entity-relationship mioey and UML. Also worth noting in the context
of UML are W2000[5] and UHDM [6]. These are positioned as frameworks for desmniveb
applications i.e. apart from hypermedia functionality theycatieal with operations and transactions
that affect node content. For that purpose, thegrek UML by means of specific stereotypes and
customizations of diagrams to accommodate for stratand navigational hypermedia abstractions.
The underlying hypermedia constructs\af000andUHDM are borrowed froHDM and OOHDM
respectively.UWE [32] stands for a UML-based approach to Web apfiinadesign as well, with
particular emphasis on the authoring process. Caimdpi hypermedia constructs froRMM and
OOHDM, UWE also explicitly identifies steps that can be perfed in an automatic way. Moreover, it
proposes a rich formalism for designing internadl@@ontent with windows, framesets and frames, a
feature whichMIESH currently lacks. On the other hand, none of thés®. based approaches allows
for link subtyping and multiple specializations owmth node and link types in the wMESH does.
Nor do they propose a navigation paradigm thatteanompared tMESHs context based navigation.

Yet another approach to modeling web applicatioite WML is [15]. However, the latter is restricted
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to modeling the components and client/server behaef HTML pages and barely discusses

navigational issues.

MESHSs context-based navigation paradigm tackles tiser@intation problem by providing dynamic
guided tours throughout the information spaE©RM RMM, HDM, OOHDM and WebML also
feature specific topologies such@gded toursindexesetc. A fundamental difference is that these are
conceived as explicidesign componentsequiring author input for query definitions, rmodollections
and forward/backward links. For instance @OHDM, topologies are defined througtavigational
contexts Several types of navigational contexts can bégded. However, upon implementation, they
are to be authored semi-manually by means of aitplgtored queries or enumerations of nodes. Such
queries are generated on-the-fly MESHs hyperbase engine, with the context node andesbink
type as input parameters. The author simply hassociate a link type with a user-interface evisot.
additional constructs are to be defined nor mamethi Moreover, such association can be made on
nodetypelevel, hence has to be authored only once for @levtiass of nodes. For instancpaénted-

by anchor needs to be defined only once for the entice typepainting, instead of for eacpainting
instance.MESH has the guided tour as default construct for rating through a set of nodes as
generated after selection of a non-unique link typbkviously, all kinds of indexes can be generated
just as easily from the information in the linkb@aepository. Note also the importance of the ready
availability of semantic metadata in the linkbaspgésitory. For example when a user wants to refine
guided tour, this can be accomplished by selediclgild link typefrom the original context link type,

hence reducing the tour to nodes with a more spesginantic relationship to the context node.

RMM, HDM andOOHDM also in one way or another incorporate node vizatbn mechanisms that
are sensitive to from where a node is accessedneaalternative to traditional destination anchors.
RMM divides a given entity type intslices each one grouping a different setafributes Context-
dependent visualization is implemented by denotiritpead” slice accessed by default, but allowing
each link to target its own “destination slicéilDM and WebML have a very similar approach. In
OOHDM, context-sensitive visualization is achieved byameofcontext classesvhich are groupings

of attributes that are only relevant to (a) specifontext(s). They are only presented within the
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corresponding context and determine the informaf@g. why a node belongs to a given guided tour)
and also the source anchors (e.g. for moving fatvaard backward in a guided tour) to be shown
according to this contextOOHDM also allows for contexts to beested such that complex,

hierarchical navigation patterns can be constructed

MESH however, is the only approach to use a linkfseas the parameter to determine the destination
node’s visualization. It is also the only approdbht stays true to the object-oriented paradigm by
looking upon destination anchors @sualizationroutinesthat provide an interface to a destination
node, but hide their actual implementation from soeirce node. It is also the only approach where
navigational actions are defined type level independently of actual link instances, such thath
source and destination “anchors” can be definezhtve node types. Also, the end user is ablestaeis
the same navigational actions to all nodes of argtour at once, instead of for each separate rasdle,
was discussed in secti@¥.3. Furthermore, these type-level navigatiotibas provideMESH with

the unique ability to bookmarl complete navigational situatiofinstead of single nodes) in a very
compact manner, with the possibility to resume gatn later on, from the exact point where it was

left.

Finally, MESH has in common witlguery-basedystems such &trudel[20], [21] that web sites are
defined by means afatabase techniquedManagement of hypermedia structure and of “irBrnode
data are perceived as two orthogonal tasks. Stusked and extends a declarative query-language,
StruQL for website implementation, which explicitly alle for expressing integrity constraints.
Another similarity is that “links” are modeled byeans of queries. However, again, such queriedare t
be authored explicitly, in contrast tESH where they are generated automatically at runtime,
according to the user’s actions. A database-liker@gch similar to Strudel can be foundAraneus
[38]. As in MESH pages are defined as instances of a page schmever,AraneuslacksMESHs

subtyping and inheritance mechanism.
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4.3 Set based hypermedia

Set-basedhypermedia paradigms such@dM [19] andHyper-G/Hyperwavél], [30] equally provide
inherent support for navigation in two orthogon#énes;inside a collectionand across collection
boundaries Their current containerandcurrent membeconceptsare comparable tMESHSs current
contextand current noderespectively. Also, they proclaim nodes to be selftained entities, much
like the object-oriented encapsulation principled aeven provide a measure of context-sensitive
visualization. Furthermoréjyperwaveshares wittMESHits ability to separate document content from
structural links: the link structure is stored indatabase, whereas document content is stored
separately. As a consequence, it becomes veryteasgintain link integrity and to provide run-time

generated overviews of the available information.

However, although some offer limited support fagdimmg documents with metadata suchaaghor,
topic etc., they lack the abstractions of a firm undedyconceptual data model with typed nodes and
node interrelations. Likewise, the opportunity egling abstract navigational actions on tour level
feature that is exclusive tESH On the other hand, research upon the set paradagrcertainly
resulted in some interesting and fruitful insightshypermedia development. Concepts suclseds
containmentcontext-dependent visualizati@md navigational contexbriginate (at least partially) in
set-based systems. However, whereas these congepsinitially claimed to be particular to a set-
based approachESH among others, has proven that they can be sdoligssansferred to the

node/link paradigm.

4.4 Adaptive hypermedia

Adaptive hypermedia systefd®], [54] allow for both node visualization and accelesiink anchors

to be influenced by an inference mechanism, basekrmwledge about theurrent user This
knowledge is (partially) obtained by observing tiser's previous actions. For instance direct guidan
systems such a@/ebwatchef29] suggest relevant links based on experiencé wievious users’
browsing behavior and a set of keywords that has Ipeovided at the beginning of the current user’s
session. One is “guided” along potentially releva@ges, with the system actually taking over

navigation control, at least partially.
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While featuring dynamic node content as well asagyic links, MESH intentionally differs from
typical adaptive hypermedia systems in that it does notdrglassify the current user nor does it
account for an expliciiser model Also, observation of the user’s navigational @i is not aimed at
influencinghis behaviorMESHs dynamism is merely targeted at facilitating rgtion and providing

a structured perspective upon the information spAcguided tour ofindirect links is invariably the
result of adirect link type selection by the user: the initiativdlfjuresides with the lattefTherefore,
adaptive hypermedia techniques could be seen asnalement toMESH rather than a substitute.
Indeed, especially in large hyperbases, with amsoygply of outgoing link anchors for a given source
node, it could be required to impose dynamic beadranpon thesealirect links as well. A user profile
could then be applied to highlight the most rele\direct link (type) anchors and hide irrelevanesn
This would entail a relaxation of the assertioncomplete navigational flexibility and the end user
having autonomous control over navigation strategih certain links only becoming visible or
accessible (or certain links being advertised npoegninently than others) after a certain precoaditi

is fulfilled, as described e.g. [A1]. Hence, whereaslESHs current dynamism entails the generation
of guided toursin accordance with the user’s actignthe latter could be assisted by adaptive
techniquessuggestingwvhich action to takeln this respectMESHSs rich modeling abstractions with
typed nodes, links and aspects, as well ascdtstext notion, could provide valuable semantic
information as additional input to existing adajmattechniques. Also, rules could be applied at the
desired level of granularity: general rules at parede type level and specific rules at child ntyghe,
aspect type or even instance level. In that caseintheritance and overriding mechanism would have

to be extended to accommodate for such adaptailes.r

5 Conclusions and future work
5.1 General advantages of MESH

Whereas the development advantages of object-edeahalysis and design are too numerous to
mention them all, a few topics can be named thettqodarly apply to theMESH approach. This first
subsection briefly summarizes thheneraladvantages of th®IESH framework with respect to both

end user orientation and maintainability. A morerttugh evaluation is provided [84]. A subsequent
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subsection further discusses the advantages thatlt rparticularly from MESHs relying on

encapsulation and information hiding.

Obviously, the notion o&bstractionis strikingly present irall components of the framework. Both
layout templatesindlink typescan be designed on a high level of generality, refided and enriched
on more concrete levels through inheritance andriolreg. This not only facilitateauthoring, but also
benefits consistency, hence the overall qualitthefapplication. The practice of attributing linkpes

to node types, rather than just attributing linksrndividual nodes, along with the ability of endorg
constraints regarding a link type’s domain, cardinalities amderse, allows for checking on
consistency and referential integrity. Such comstrgreservation should not necessarily be
“repressive”, but may well be “preventive”, by segting mandatory links and feasible destination
nodes for a newly defined link instance, basedanteptual metadata stored in the linkbase/repgsitor
such as type information for nodes, aspects ahka md the corresponding constraints. Moreover, the
use ofhigher-orderinformation units, i.e. node types and link types also the representation of entire
guided tours asodelink-type combinations decreases cognitive overhead, haauiktdtes end user
orientation. This is especially true because cotuzsimilarities between information units areoals
reflected in their visual appearance. Obviouslgyesccessibility of meta information at runtimealiso

a prerequisite for theontext-based navigation paradigm

Indeed, another benefit of abstraction liedBESHs navigation paradigm, where navigational actions
are specified on an abstract level, resulting mk liype selection taking the place of linkstance
selection. This not only facilitates tlesign with such actions being specified on node/aspg
level, but also yields node implementations witlkctaors that aréndependent of the actual link
instances Obviously, the context-based navigation mechara¢so positively affects orientation by
providing linear guidance to the user and a gersmase of “context”. Again, this effect is enhanbgd
the context influencing the visual appearance ef itiformation units, i.e. a node can present that

subset of its embedded information that is mosivaatt to the current context.
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Finally, visualizing the hypertext structuie also beneficial to reducing cognitive overheBlde latter

is facilitated by two factors; first, the hyperbaseucture being stored withinsearchablerelational
database, such that (partial) maps and overviewsheagenerated at run-time and the abundance of
meta-information as node, aspect and link typesclwallows for incorporating these abstractions int
the overview. Consequently, maps are able to cowet@icepts of varying granularity, as applied i e.

fish-eye views

5.2 Advantages that result from the encapsulation and information hiding approach

The advantages that result particularly frdfESHSs relying on encapsulation and information hiding

are summarized below:

« Nodes interact by means of well-defingablic interfacesbased on their set of attributed link
types, but they can stay unaware of one anothettebimplementation.

e This results in a very loose coupling between npdash that inter-node maintenance (i.e.
updates to the link structure) can be executedogahally to intra-node maintenance (i.e.
updates to node content). Each update, both insterfitink structureand ofnode content
becomes éocal operation, instead of a global affair with esdataside effects.

¢ Because a node encapsulates all behavior necdes#isyown visualization, nodeontentcan
be designed or updated and tested independenttiipuwti prior knowledge of the entire
hypermedia structure nor related nodes’ contenttiMedia objects are hidden in the node’s
implementation and are never to be referenced ttiiréiom the outside world. The only
criterion for node design is the public interfaedided by its attributed link types.

e The hypermedia systemlimk structurecan be tested and navigated through even befere th
actual nodecontentis implemented: it is solely based on relationatatiase data in the
linkbase/repositoryAlso, links can be reallocated without any matdifion to the source or
destination node.

¢ Indeed, generic “source anchors” can be define@roaggregate level in a node type’s (or
aspect type’s) layout template by associating & interface event with a linkype selection,

independently of the actual node and link instané¢suntime, the relevant link instance(s)
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is/are distilled automatically from this type-lexaichor, resulting in a single destination node
access or a guided tour being generated by therlwgype engine. Needless to say that
specification of properties on an abstract levdl also improve consistency of layout and
anchors, which in its turn reduces cognitive ovatheand, consequently, end user
disorientation.

The context-sensitive visualizatiomechanism, as an alternative to destination aschor
enables a node to present itself differently depgndpon why it was accessed. Again, it only
needs to have knowledge of and react to its atiiblink types. Also, visualization properties
can be laid down once on an abstract level: botbuatemplate and attributed link types are
nodetypeor aspectypeproperties. Consequently, similar nodes will présesimilar reaction

to similar link type accesses. The proposed appraan be considered as more natural to
traditional anchors in that a node does not reafitotm which nodet is accessed, but to the
reason whyWhere necessary, general visualization routisesbe overridden to provide for
a more specific reaction by means of link subtypingmechanism.

Finally, the very loose definition of the node cept allows for an open system where
documents/components of almost any type can be aseddes and be seamlessly integrated
into the system, while retaining full navigatiorfdxibility. The heterogeneous nodes can
interact effortlessly, by means of the well-defingqoliblic interfaces and hidden
implementations. Where necessary, the hyperbaseesr@gan generate a supplementary
navigation paneht runtime with a complete node overview. Theelattill also be useful for
“third party” nodes that do not provide their owseu interface for selecting navigational

actions.

5.3 Current web-based prototype and future work

MESH'’s current prototype implementation provides a seivéesed hypermedia engine, which

processes navigational actions and accesses immaldDBMS containing the linkbase/repository. The

servlet also keeps track of run-time informatiorchswas the current context, which is however

duplicated in persistent storage for robustnessdeNmntentis presented as HTML code in a

“traditional” webbrowser. However, because the feamrk leaves much freedom as to the actual
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implementation of nodes and aspects, the HTML amate be stored as a singdtatic file, it can be
assembledrom multiple HTML fragments, or it can be genedentirelydynamicallyat runtime. The
only requirement is that it can be uniquely ideatlf e.g. by means of a URI. The webbrowser is
enhanced with a “navigation applet”, which providesiched user interface functionality and ad-hoc

node overviews (although the applet is not strictlyuired for the core functionality of the system)

Navigational actions can be selected from eitwthin an HTML document or from an applet-
generated node overview. However, the HTML codesdoet contain direct references to related
nodes. It only defines a nodetwultimedia contenthelinks are stored outside the node’s content in the
linkbase/repository, along with the conceptual mata. A source anchor as represented in the HTML
code consists of a reference to gaevlet's URL and a parametefhe latter identifies the direct link
type or next/previous action to be selected byatieghor. Upon stimulation of the anchor, the paramet

is passed to the servlet, which calculates theecbidestination node and detects whether the action
induces a context change. In the latter case, ¢ieegponding indirect links are generated by the
servlet, based on the selected link type and tf@rmation in the linkbase/repository. Hence the
servlet's support for navigational actions entaitgh within-tour navigation and the initiation oéw

guided tours, as required by the navigation paradig

Context-sensitive node visualization again dep@mdthe origin of the HTML code: as to static HTML
documents, it consists of defining a mapping betwkek type and HTML anchor, such that the
destination document scrolls to the appropriatéi@@avhen this link type is selected. As to HTML
that is generated entirely dynamically, the lingeyis mapped to a nodgisesentation routinewhich

in fact generates the HTML code for the node asdagisociated aspects. Obviously, the former is a
rather rudimentary approach to context-sensitivitigereas the latter allows for much more subtlety i
adjusting a node’s visualization to the currenttegh An intermediate solution is the presentation
routine dynamically assembling a single HTML docutméom different static HTML or XML

fragmentsrepresenting the node’s and associated aspect&rd.
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At present, the runtime environment provides a m@agl system: authoring is executed by means of a
separate offline application. In the future, howetlee runtime system is intended to enable uséts w
the right privileges to reallocate links and updatele state and content during a navigation session
For that purposeMIESHwill have to be extended to modgbplication behaviar Similarly to W2000Q
UHDM and UWE, UML will be used for that purpose. This will eiitéhe definition of UML
extensions to be able to fully represbtiESHs modeling constructs. A related issue is the sufpfor
different user types, possibly with a differentwien the nodes’ content. For that purpose, a node’s
visualization routines should not only take theestdd link type into account, but also the typéhef

current user. This feature is not yet standardigeddESH

Another future research topic is the specificatibmicher layout templates for defining node orexsp
content on an abstract level. At present, simpléMHTs used for that purpose. A future version is to
specify all ofMESHs nodeinstancecontent by means of XML and all of its noiypelevel templates

by means of the XML Schenjd8] specification. This in contrast to e\MyebML where XML itself is
used to represent type-level information. Note, &eav, thatMESH’s data model and navigation
paradigm are completely independent of the actadercontent, i.e. the entire network of nodes and
links can be tested an navigated through basederdata and metadata in the linkbase/repository,

before actually implementing the nodes’ content.

Regarding node content, a related topic is theilpitissto incorporate “borrowed” multimedia conten
from adjacent nodes, e.gpainter node including pictures of his most significaaintings. One of
the merits of OOHDM in this respect is that, in the navigational scekemodes as instances of
navigational classes may combine attributes otdiffit related conceptual classes. This is alsofdrue
pagesas defined inWebMLs Composition Modelln MESHs current state, a node can only “borrow”
a single property of related nodes, namely thigiscription field The latter is stored within the
database and hence can be easily retrieved andirusediven node, possibly as an outgoing anchor
denoting a link to the former node. However, it Weblobe more than desirable to provide a construct fo
allowing one node to present multimedia data tleorgs to (and is maintained by) another node.

Such construct could be seen as a node's tempé¢gating a placeholder not to an aspect but to
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another node that implements it. In the currenti@mgntation, these data has to be duplicated ih eac
node it is visualized in. A similar extension RMM is suggested ifi28], with m-slicescombining
attributes belonging to different entities to beeganted in a single window. An advantage in
comparison to th© OHDM approach is that the content of each attributgilisretraceable to a single
“owner” entity, which manages the attribute’s camteThe practice of nodes containing brief
information belonging to other nodes, e.g. inclgddainter data in gpainting node, is also applied to

aWWWenvironment if8], where constructs such tansclusionsandhot linksare suggested.

Finally, the current implementation restricts apgliility of the navigation paradigm to a single web
site or at the very least to multiple sites comdalby a single linkbase/repository. Thereforeurfat
development efforts targetdistributedlinkbase/repository. Note, however, that the pnesestriction

in scope is merely a consequence of the actuakimghtation, not of the navigation paradigm in se.
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