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1 Introduction
1.1 A brief history of the hypermedia concept

The termhypermediadenotes an approach to computer data organizatianmanner similar to the
functioning of the human brain. In essence, humagnition is organized as a semantic network in
which related concepts are linked togethéew information we come across is integrated inio o
mind’s semantic structures of existing knowledgkede structures allow for the stored information to

be accessebly association

A precursor of current hypermedia systems was meetl as early as in 1945, i.e. long before the
introduction of the modern computer, [Bush, 1945. He described an imaginary device calldemex
as ‘a sort of mechanized private file and library.] in which an individual stores all his books,

records, and communications, and which is mechdns&ethat it may be consulted with exceeding



speed and flexibility. It is an enlarged intimateplement to his memdryOne of the key concepts of
Memexwas said to be its ability ink items together such that they could be accessednciation,

rather than through indexing.

In 1965, Nelson came up with the tehypertext which he defined asa’body of written or pictorial
material interconnected in a complex way that itildonot be conveniently represented on paper. It
may contain summaries or maps of its contents hei tnterrelations; it may contain annotations,

additions and footnotes from scholars who have @xaanit’ [Nelson, 1965].

Generally, the concept dfypertextcan be seen as the structuring of standard tektthve addition of
links that allow for navigation through this text in arrlinear order; each portion of the text can
anchora link that leads to a related text fragment wtien anchor is ‘stimulated’. In parallel to the
human brain, hypertext organizes data (i.e. texgrfrents) into a network structure, with semantic
relationships being established through links. €hlaks allow for navigating through and accessing
databy association Hence the purpose of the links is not only to elathtainterrelations they also
represent anavigational paththroughout the resulting network structure. Therefhypertext differs
from other data organization techniques in thaalives about how to navigate through the inforamati

space are included within the data themselves.

Most so-calledirst generationhypertext systems were implemented on mainframeswaere strictly
text-only [Halasz, 1988]. Generally, the anchorgenveepresented by underlining the relevant text
portion, with the stimulus being provided by ‘cliocg’ the anchor. As PC’s inundated the computer
market in the eighties, the tetmypermedisbecame a synonym for hypertext, emphasizing ttreedstia
organization methodology being enhanced wnithltimedia capabilities. In suclsecond generation
hypermedia systems, the chunks of data not onlgistad of text, but also pictures, animations, @ide
and audio fragments or even virtual reality obje8sa consequence, link anchoring and the stitouli
provoke link access have become more diverse tibgfithe corresponding media type. The principle,
however, remains the same, according to a more-aate definition by [Smith & Weiss, 1988]ar
approach to information management in which datstiged in a network of nodes connected by links.

Nodes can contain text, graphics, audio, video el & source code or other forms of data



The components of current hypermedia systems cempriser interfaceanauthoring environmenb
create and manage both nawmtentandstructureand a hypermedienginewith an associatestorage

systenfor the possibly heterogeneous multimedia data.

The appeal of hypermedia is based upon its abititystore complex, cross-referenced bodies of
information, which can be browsed according touker’s personal preferences. The latter, along with
the resemblance to human cognition, makes hypeeredhly suitable as a tool for end user exploring
and learning. Or, as put in [Bieber, 1993Hypertext systems provide a non-sequential andeinti
new method of accessing information unlike tradaioinformation systems which are primarily
sequential in nature. They provide flexible accesdnformation by incorporating the notions of

navigation, annotation, and tailored presentation

Many hypermedia systems have been conceived, sbmbich did not even outgrow the stadium of
obscure experimental systems in research labs. S8@mespecial-purpose built to be applied in arelea
cut field, others were general-purpose ‘shellsateommodate for various areas of data. Among the
most publicly known (commercial) implementationg &ertainlyHypercard which comes free with
every Macintosh computer sold since 1987 andMierosoft Windows Help Systerrlowever, the
environment that really brought hypermedia to thublic eye is undoubtedlthe World Wide Web
[Berners-Lee & Cailliau, 1994 promoting the hypertext paradigm as the primaryeasanode to all
Internet-connected networks across the gldbefortunately, the latteMWWWW presents a genuine

enlargement to many shortcomings that exist to sbageee irall current hypermedia implementations.

1.2 Where current hypermedia applications fall short

Indeed, along with increasing popularity and woittkv adoption of hypermedia, limitations and
downright deficiencies became painfully apparenhe Tconcepts inherent to hypermedia led to
inconveniences that prohibited satisfactory infdioraretrieval by theend useras well as adequate

hyperbasenaintenanceWhereas non-linear navigation resulted in disted end users, the disorderly



network of links involved an unacceptable amountnmnual’ work to keep the hypermedia structure

up-to-date [Ramaiah, 1992].

1.2.1 User disorientation

Usersnavigatingin a hypermedia environment are confronted withsjons such as “Where am 1?”,
“Where do | go?” and “How do | get there?” [Rivliet al, 1994]. The problems surrounding
hypermedia navigation have been thoroughly disclgsditerature, e.g. [Nelson, 1987]\ielsen,
1990b]; [Bernstein, 1991]. The explorative, norelin nature of hypermedia navigation imposes a
heavy processing load upon the end user. This phenon is known asognitive overheafRamaiah,
1992]. If the freedom and flexibility become “toaioh” to the end user, the latter is distracted fram
initial focus of attention [Hammond, 1993]. Thisopess of cognitive overhead effecting into user
disorientation and losing one’s chain of thoughteferred to as the ‘lost in hyperspace’ phenomenon

[Nielsen, 1990a].

1.2.2 Limited maintainability

A problem often obscured by the one described abbue nonetheless at least as stringent is the
maintenanceproblem. The latter was certainly less than acsiree in the pioneering hypermedia

implementations.

A heavy burden upon hyperbase maintainability is thct that, due to the absence of workable
abstractions, many hypermedia systems implemeks las direct references to the target node’s
physical location(e.g. theURL in a WWWenvironment). To make things worse, these refa®ire
embedded within theontentof a link's source nodfDavis, 199%. As a result, moving a single node
demands heavy maintenance efforts to restore hgperlintegrity;all nodes’ bodies have to be
searched for a reference to the now-obsolete lmtatnd all found references have to be adapted.

Hyperbase maintenance has become a synonym forathaaditing the node<ontents



Whereas manually created links already reduce miagtility to a great extent, they also have a
disastrous impact upotonsistencyand completenesfAshman et al., 1997]. The inability to enforce
integrity constraints and submit the network suuetto consistency and completeness checks, résults
a hyperbase with plenty oflangling links Needless to say that the consequences of inferior

maintenance will also frustrate the end user afeteinto additional orientation problems.

1.3 Objectives of this chapter

The MESHhypermedia framework as deployed iemahieu, 199Pproposes a structured approach to
both data modeling and navigation, so as to oveeceaid maintainability and user disorientation
problems.MESH is an acronym foMaintainable End user friendly Structured Hypermedia Its

fundaments are a solid underlyidgta modebnd acontext-based navigation paradigm

The data model is based on concepts and experiégntes related field of database modeling, taking
into account the particularities inherent to thepdwnedia approach to data storage and retrieval.
Established entity-relationship [Chen, 198[d object-oriented [Rumbaugh et al., 1993§cobson et
al., 1992; [Meyer, 1997; [Snoeck et al., 1999modeling abstractions are coupled to proprietary
concepts to provide for #ormal hypermedia data modeWhile uniform layout and link typing
specifications are attributed and inherited static node typing hierarchy, both nodes and links can be
submitteddynamicallyto multiple complementary classifications. TMESHdata model provides for a
firm hyperbase structure and an abundance of méaaiation that facilitates implementation of an

enhanced navigation paradigm.

This context-based navigation paradigonilds upon the data model to reconcile navigatidreedom
with nested, dynamically creatgdided toursIndeed, the intended navigation mechanism isdhah
“intelligent book”, which is to provide a disoriexat end user with sequential patlas a guidance. Such
guided touris not static, but is adapted dynamically to tiaigation contextin addition, a node is
able to tune itwisualizationto the context in which it is accessed, hence igiog the user with the

most relevant subset of its embedded multimediaab);



These blueprints are translated into a high-lewplémentation framework, specified in an abstract a
platform independent manner. The body of this draps dedicated to th&1ESH data model.
Thereafter, thecontext-based navigatioparadigm and theimplementation frameworlare briefly

discussed. A last section makes comparisons ttecelaork and formulates conclusions.

2 A model-based approach to hypermedia application

development

2.1 Orientation and comprehension in hypermedia

In [Thiring et al., 1995 a distinction is made between hypermedia systhatsare destined for being

wanderedthrough, picking up information here and thered #me ones that are specifically aimed at
deep understanding. It is argued how especiallséoend kind benefits from a structured approach. |
this way, two factors are denoted as being cruciahypertext readability and comprehensibility:

coherenceas a positive influence amognitive overheads a negative one.

2.1.1 Coherence

Coherencewas already described in an earlier effort by shene author§Thiring et al., 1991 A
coherent hypermedia document would enable the readmnstruct a mental model that represents the
objects and relations described in its content.e@atice should exist both on the level of a singlden
and of the whole hypermedia structure. At the fd#eel, it can be increased by explicitly reprasen
semantic relationships between nodes, to indicdtat whese nodes have to do with each other. A
second measure can be to provide information atteutontextin which a node is displayed. This
conveys a sense of continuity across separate nadésreduces the impression of information

fragmentation Other remedies include aggregation and providirgyviewsof the information space.



2.1.2 Cognitive overhead

Cognitive overheadccording td Conklin, 1987 is “the additional effort and concentration necessary
to maintain several tasks or trails at one timgThiring et al., 1995 claim that Every effort

additional to reading reduces the mental resouressailable for comprehension. With respect to
hyperdocuments, such efforts primarily concern magon, navigation and user-interface

adjustment

As a solution, they suggest how the hypermediarenmient should offer the reader maximal support to
identify his current position within the hypermeditaucture and to reconstruct the way that lechi® t

position. Moreover, it should make the selectiothef next step as easy as possible.

2.1.3 Improved orientation through increased comprehensibility

Moreover, it is claimed howrtiemory for content and memory for spatial informatare different
aspects of the same mental representation, i.etehder's mental modélThis is said to explain the
close correlation between comprehension and meifaorjocation: bothorientation difficulties and

difficulties in understandinghe hypertext are symptoms of the same diseassuéls, every feature
that facilitates the construction of such a modetdducing mental effort or increases a model'diyua

by improving completeness and consistency, afteatls comprehension and orientation.

The authors suggest how readability of hyperdocuspdrence also orientation, can be improved by
supporting the construction of a mental model irm& of a dual approach based on bioitreased
document coherencandreduced cognitive overhea@herefore they suggest eight design principles,

which will also feature prominently in thHdESHframework:

e Typed link labelsthat allow for understanding semantic relationswien
information units and reduce fragmentation
e The indication of equivalencies between information unigdso reduces the

impression of fragmentation



e The preservatiorof the context in which information units are display&dther
reduces fragmentation

« Higher-order information unitshould be available, e.g. composite nodes, tocedu
a stronger sense of structure

« Visual information about the hypertext structgteould be available as overviews,
maps, etc.

e The user should be provided with cues aboutchigsent position andavailable
navigational options

» Navigation facilities should cover aspectddagkction and distance

« A stable screen layodtiminishes cognitive overhead

2.2 Advantages of a formal hypermedia data model

Whereas the design principles above already hitlieaheed for hypertexts to b&ucturedaccording
to a conceptual model, similar to the ones appiredatabase modeling, other authors support this

vision with partially similar and partially complemtary arguments.

2.2.1 Consistency

In [Garzotto et al., 1995], consistency is regardsdne of the most important evaluation critefia o
hypertext systemsitreat conceptually similar elements in a similasliéon and conceptually different

elements differently

[Nanard & Nanard, 1995nsist that tools must enable the designer to viatk at the abstract model
level and at the level of instances. Thereforey th@vocate the use of a conceptual model. Abstract
semantic types should offer a means for handlingamnal structure both at a global and a locallleve
This would enforce consistency of the hypertexticttire, increase modularity and allow users to
recognize similarities. Both node and link typesuldomodel similar semantic properties across
different entities and enforce the regularity afisture. Moreover, even a few node instances would

allow for evaluating the global design and impleta&on.



2.2.2 Abstractions

[Rivlin et al., 1994 describes the importance of hierarchies and agtioegato navigation. A well-
defined hypermedia structure greatly facilitated aser orientation. It has been proven that indigot
the underlying abstractions is a key condition t@emtation in a hypermedia environment [Halasz,

1988].

[Botafogo et al., 1991] explicitly refer to the ebj-oriented paradigm as a means for structuring
hypertext and providing meaningful abstractionsasoto reduce the complexity of large numbers of
nodes and links. Therefore, nodes and links arbetaollected into more abstract structures, both
through aggregation and generalization. This allfawglealing with a set of nodes and links as glsin

(higher-level) object, which reduces cognitive dwead.

[Garg, 1988 also describes the usefulness of abstractionggarmedia. They yield richer information
structures and more natural specifications of darkabwledge. Also, the expressive power of queries
is increased. Moreover, they allow for a whole edtion of information units to be denoted by a Eng

reference. Finally, support for collaboration amasioning is facilitated.

In [Mayes, 199} a distinction is made betwebagperspace@andconceptual space he former refers to
the hypermedia structure itself, whereas the latteplves the actual concepts and interrelations
represented in the hypermedia systenalase correlation between hyperspace and concepgpeates
claimed to significantly advance comprehension amgéntation. Therefore, the objects in the

hypermedia structure are to reflect the concepts the domain model as accurately as possible.

2.2.3 Typed links

Arguably the most significant abstraction of atl |l@ast in the context of hypermedia, is timk type
The importance of a conceptual data model with dyfieks to support navigation was already

emphasized by [Halasz, 1988]. Whergaburing et al., 1991stress the influence of typdidks upon



the coherence of hyperdocuments, [Knopik & Bap884l advocate the use of both typeddesand
links. They should provide the user with hints at whaaits him in the next node, such that he can
make a well-founded decision about his next moveer&fore, they plead for those types not to be
“technical” as is the case in many implementatioms}. implicit versus explicit or internal versus
external. Rather, they should reflect the semaetationship between source and destination noele, i
as specified in the application domain. Moreoviak typing should not be limited to attaching lahel
but should also influence browsing behavior, alfowdisplaying properties in different contextsdan

enforce semantic constraints.

2.2.4 Authoring advantages

The advantages to tlauthor of a formal design model are described in [Gaazettal., 1993]: first, it
improves thecommunicatiorbetween analyst, end user and system designealbnvads for complex
constructs to be discussed on an application domaéependent level. Moreoverdesign
methodologiexan be tested, analyzed and compared at a high dé\abstraction, independently of
individual nodes. This permits certain construectd aomponents to breusedin different applications
as well. Furthermore, a formal data model allowsgowerful design toolso support authoring in a
systematic, structured way. Another very importéadtor is that it enables these tools to enforce
consistency and completeness constraamidpredictable representation structureshich in turn will

be of benefit to the end user and reduce disotienta

2.3 E.R. and 0.0.-based hypermedia models

The first conceptual hypermedia modeling approacues adHDM [Garzotto et al., 1993] andMM
[Isakowitz et al., 1995]; [Isakowitz et al., 1998¢re based on the entity-relationship paradigme€ibj
oriented techniques were mainly appliedhiypermedia engingso model functional behavior of an
application'scomponentse.g.Intermedia[Meyrowitz, 1986];[Haan et al., 1991 Microcosm[Davis et
al., 1992; [Hall et al., 1992, [Beitner et al., 1995 Hyperform [Wiil & Leggett, 1992; [Wiil &
Leggett, 199Y andHyperstorm[Bapat et al., 1996 Along with EORM[Lange, 199% and OOHDM

[Schwabe et al., 1996]; [Schwabe & Rossi, 19988Ehjvabe & Rossi, 1998bMESH is the first
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approach where modeling of thg@plication domairis fully accomplished through the object-oriented

paradigm. The following section presemMESHs data model in detail.

3 MESH's object-oriented hypermedia data model

3.1 The basic concepts: node and link types

On a conceptual level,raodeis considered a black box, which communicates thi¢houtside world by
means of itdinks. External references are always made to the m@da whole True to the O.O.
information-hidingconcept, no direct calls can be made to its meltiia content. However, internally,
a node may encode the intelligence to adapt itsalimtion to thenavigation contextas discussed in

sectionb.

Nodes are assorted in an inheritance hierarcmpdé typesEach child node type should be compliant
with its parent's definition, but may fine-tune émhted features and add new ones. These features
comprise both node layout and node interrelatiaisstracted inayout templatesand link types

respectively.

A layout templatds associated with each level in the node typirganchy, every template being a

refinement of its predecessor. Its exact specifioatdepend upon the implementation environment,
e.g. as to the Web it may be HTML or XML based. Bldybing as a basis for layout design allows for
uniform behavior, onscreen appearance and link amscfor nodes representing similar real world

objects.

A link represents a one-to-one association between tdesnavith both a semantic and a navigational
connotation. A directed link offers an access piatim its sourceto its destination nodeLinks
representing similar semantic relationships arerabted intotypes Link types are attributed to node
types and can be inherited and refined throughbat Hierarchy. Link typeproperties allow for
enforcing constraints upon their instances and lmmverridden to provide for stronger restrictions

upon inheritance. This mechanism is discussedlliinfgection3.3.
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E.g. whereas aartist node can be linked to amytwork through ahas-made link type, an instance of
the child node typgainter can only be linked to painting, by means of the more specific child link

type has-painted.

Has-made

Artist Artwork

Has-painted

Painter Painting

3.2 The use of aspects to overcome limitations of a rigid node typing

structure

3.2.1 Definition of aspect descriptor and aspect type

The above model is based on a node typing stratdgre node classification is total, disjoint and
constant. The aspect construct allows for defiréniglitional classification criteria, which are not
necessarily subject to these restrictions. Apamnfia single “most specific node type”, they allow a
node to take part in other secondary classificatihiat are allowed to change over time. Although we
deliberately opted for a single inheritance strigtaspects can provide an elegant solution in many

situations that would otherwise call for multipieneritance.

An aspect descriptois defined as an attribute whose (discrete) vatlessify nodes of a given type
into respective additional subclasses. In conttast node’s “main” subtyping criterion, such aspect
descriptor should not necessarily siagle-valuedor constant over timeAspect descriptor properties
denote whether the classification ptionalmandatory overlappinddisjoint and temporary

permanent.

Eachaspect typdas associated with a single value of an aspeatrgegsr. An aspect type defines the
properties that are attributed to the class of adbat carry the corresponding aspect descriptoeva

An aspect type's instanceaspects implement these type-level specifications. Eadpeat is

-12 -



inextricably associated with a single node, addihgracteristics that describe a specific “aspett” o

that node.

A node instance may carry multiple aspects andbeattescribed by as many aspect descriptors as there
are additional classifications for its node typemultiple classifications exist, each aspect dpsor

has as many values as there are subclasses tootfesponding specialization. Its cardinalities
determine whether the classification is total andfjoint. As opposed to node types, aspects are
allowed to be volatile. Hence, dynamic classifioatican be accomplished by manipulating aspect
descriptor values, thus adding or removing aspattsun-time. Aspect types attribute the same
properties as nodelnk typesandlayout However, their instances differ from nodes int tteey are

not directly referable. An aspect representssifume real-world objecas its associated node and can

only be visualized as a subordinate of the latter.

E.g. to model arartist that can be skilled in multiple disciplines, a fdigjoint aspect descriptor
discipline defines thepainter and sculptor aspect types. Discipline-specific node propertes
modeled in these aspect types, such that e.gvitieelangelo node features the combined properties

of its Michelangelo.asPainterandMichelangelo.asSculptoraspects.

Aspect type Aspect type

Node type Painter ) Sculptor
Artist Aspect descriptor
Discipline | |
= (Painting, Sculpting) - i
| Michelangelo | EE—— | M.asPainter | |M.asScu|ptor|
| Van Gogh | — |VG.asPainter|. ...
| Rodin ] — - 7 [RasSculptor] ...

3.2.2 Delegation of node properties to aspect descriptors

Node type properties (i.e. layout and link typesh dedelegatedo aspect descriptors, such that they
can be inherited and overridden in each aspect tiypeis associated with one of the descriptor’s

values.
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An aspect type'tayouttemplate refines layout properties that are dédéehy the corresponding aspect
descriptor. Link types delegated to an aspect gescrcan be inherited and overridden as well. In
addition, each aspect type can define its own sup@htary link types. The inheritance/overriding
mechanism is similar to the mechanism for supedigubtypes, but because an aspect descriptor can be
multi-valued, particular care was taken so as teclpde any inconsistencies. Further details are

provided in sectior3.3.

3.2.3 Inheritance of aspect types throughout the classification hierarchy

Aspect types themselves are node type propertisctin be inherited and overridden across the node
type hierarchy. Thespect descriptois used as a vehicle for the inheritance of aspgms. This
ability yields the opportunity to use aspects ad kmiilding blocks for nodes. Link types and layout
definitions pertaining to a single “role” a nodeyr@ve to play, can now be captured into one aspect
type. If the corresponding aspect descriptor igbatted at a generic level in the node hierarchg, t
aspect type can be inherited where necessary by spacific node types. This allows for the modeling
of a similar ‘aspect’ in otherwise completely uated node types. E.g. the aspect tgpecollector
could be defined at root level and inherited byhbmtiseum and private-collector, modeling the fact
that both node types can behave as owners of &thade types can be ‘assembled’ by inheriting the
proper aspect types, complemented by their ownicp#at features. In this way, different aspects
associated with the same node instance can haferedif editing privileges, such that updating

multimediacontentcan be delegated to different parties.

Art-collector
[ Rot |

- \d Museum | | Private-collector b/
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3.3 Link typing and subtyping

3.3.1 Introduction

In common data modeling literature, subtyping isanmbly applied toobjects never toobject
interrelations If additional classification of a relationshigpgyis called for, it isnstantiatedto become
an object type, which can of course be the sulpjédpecialization. However, as for a hypermedia
environment, node types and link types are two reépacomponents of the data model with very
different purposes. It would not be useful to initste a link type into a node type, since suchesod
would haveno contentto go along with them and thus each instance wbeltbme an ‘empty’ stop

during navigation.

This section demonstrates how specialization séosacan be enforced not only upon node types, but
also upon thdink types.A sub link type will model a type whose set of arstes constitutes a subset of

its parent’s, and which models a relation that @erspecific than the one modeled by the parent.

3.3.2 Definition and domain of a sub link type

A link instance is defined as a source node - dastin node tuplenf, ng). Tuples for which this
association represents a similar semantic meaniaggeuped into link types. A link type defines
instances that comply with the properties of thgetgnd is constrained by ®main its cardinalities

and itsinverse link type
The domainof the link type is the data type to which the lityke is attributed. This can be either a
node type or an aspect type. The domain castdrécties upon which nodes are valid ssurcenodes

of the tuples represented by the link type:

(ns, ng) O L = nsO Dom(L)
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If Lc is a sub link type resulting from a specializatawerL,, the set ofifs, ny) tuples defined by is a
subset of the one defined by. As a consequenck,'s domain should be the same as or define a subset

of (i.e. a sub node type or an aspect typd),sfdomain:

LcOLp = ((ns, ng) O Le= (s, ng) O Lp)

— Dom(L) 0 Dom(Ly)

If the domains are the same, we speak of a subtyjm resulting from &orizontal specialization. If

the sub link type is inherited in a sub node typaspect type, we speak ofertical specialization.

A vertical link specializations the consequence of a parallel classificatiogr ¢he links'source nodes

in either node subtypes or aspect types. The temnotds that each sub link type is attributed at a
‘lower’, more specific level in the node typing faechy than its parent; sintég's domain is a subset of
L,'s domain and they both model similar semantics, rispective associated sets of tuples will be

subsets too.

_> E .
Dom(Ly) Lo g Employee | s member-of
Dom(Lc) —p Manager [—»
Lc Is-manager-of

Le OLp, Dom(Lc) O Dom(Ly)

If Lcand L, share the same domain, can still define a subtype &f, in the case wherk; models a
more restricted, more specific kind of relationstiipnL,, independently of any node specialization.
Both parent and child link type are attributedlet same level in the node type hierarchy, hence the

termhorizontalspecialization.
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Ly Is-member-of
Dom(Ly) [ > E.g: Employee ‘_>—’
Lc Is-manager-of

Lc OLp, Dom(Lc) = Dom(Ly)

3.3.3 Cardinalities of a sub link type

A link type’s cardinalities determine the minimum and maximum number of limtances allowed for
a given source node. If the domain is an aspeet, tyye cardinalities pertain to a node’s correspand

aspect.

MinCard(L) =1 = O nsODom(L): O(ns, ng) O L

MaxCardL) =1 = [0 nsO Dom(L): (ns, Ngy) O L & (s, Ngz) O L = g3 = Nngy3]

Upon overriding link type cardinalities, care shbube taken so as not to violate the parent's
constraints, particularly in case of a non-disjaitassification. The following tables present foéesi
combinations, respectively in function oharizontaland avertical specialization over a given parent
link type. Note that a ‘-* sign stands for “not giited”. Moreover, the mechanism for link type
inheritance in a “real” node subtype is similardiglegation to a (1,1) aspect descriptor, as reptede

in the rightmost column of the vertical link spdi@ation table.

S

22 rom DI
£ @y [ Om oD T D
=% oD 0D

g S @D ()

[a

Horizontal link specialization

Aspect descriptor cardinality

g _ (D) €%D) 0.0 LD

<= [LOn 1-0On (Im(©I) Y [-0On) (1,n)(0I) LD [ -0On) 1 (0I)E1]-0On) (I,n©OI)ET
8 ) T (LD @) (LD)
$s | OD -0 AL -0 (1Y) -0 AL -0 (LY

8 °Ia@n (E90) (1.0

Vertical link specialization
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3.3.4 Inverse of a sub link type

The inverse link types the most specifidink type that encompasses all of the originak ligpe’s
tuples, with reversed source and destination. Thezgdwo possibilities. If the ‘inverse-of’ relatiship
is mutual, we speak ofarticular inverse, notatiorl. « Inv(L). If this is not the case, we speak of a

generalinverse, notatiorl. — Inv(L).

A particular inversemodels a situation where two link types aach other’'sinverse. Not counting

source and destination’s sequence, the two linkegypepresent the same set of tuples. The term

particular inverseis used because no two link types can share the particular inverse.

L o Inv(L) = [(ng, Ng) OL = (ng, n) O Inv(L)]

= L =Inv(Inv(L))

E.g.employee.is-member-of « department.members

A child link type can override its parent’s inveraith its own particular inverse, which is to be a

subtype of the parent’s inverse.

E.g.employee.is-manager-of « department.manager

However, if no suitable particular inverse exigis d given child link type, it has to inherit itanent’s

inverse as general inversewithout overriding. Hence generalinverse can be shared by multiple link

types with a common ancestor.

As to ageneral inversgthe set of tuples representedlbis asubsetof the one represented by(L).

This is equal to stating thatd Inv(Inv(L)).

L - Inv(L) = [((ns, ng) O L = (ng, ng) O Inv(L)), O(ng, ng) O Inv(L): (ng, ng) O L]

= L OInv(Inv(L))
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Thegeneralinverse of a child link type must be tparticular inverse of one of this child’s ancestors.

E.g.employee.is-manager-of - department.members

Summarizing, a child link type either inherits ffarent’s inverse as generalinverse, or the inverse
property is overridden with a subtype of the pdsemverse becoming thparticular inverse of the

child link type:

L.OL,= [(OKe L « Kg Ke O Inv(Ly)) or (Le - Inv(Ly))]

3.3.5 Link type specialization properties

Properties fomode type specializatiodetermined whether the latter was total and/gouis On the
other hand, no such properties are attributedliitkatype classificatioritself. Without a concession to
generality, we can force each specialization tddtal by defining an additional child link typle.gest
where necessary, to collect instances of the pahatitcould not be classified into any of the other
children. Eachrf, ng) tuple that belongs to the parent link tyipge also belongs tat leastone of its

subtyped ;.

Lp=LlaULe0LgOLeaO ... O Legest

< [(D Lo L O Lp) & (D (ns, nd) O I—p: Ol (nS! nd) O Lci)]

Whetheroverlappingsubtypes are allowed is not enforced atdpecializationlevel, but as a property
of each subtype separately, leaving space fore finanularity. This is accomplished by a childklin
type'ssingularity property, which denotes whether its instancesafioaved to also belong to sibling
child types. E.g. we can fordegesto be disjoint to any other child link type by d¢ing it as a

singularlink type.
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Just like node types can have multiple aspect geecs, multiple classifications can be defined roze
link type. Since each classification should beltdtee union of all sub link types described by eneh
specialization returns the full parent link typear@ersely, each instance of the parent link typmikh

also belong to at least one subtype for each diatian defined.

E.g. department.members can be subclassed according to either a perdontgion (worker, clerk or
manager), or hisnode of employmergfull-time or part-time). Two sets of sub link &% result, any

instance oflepartment.members will have to be classified according to both cide

department.members
= department.workers [ department.clerks O department.manager

:= department.full-time-members [ department.part-time-members

Whereas the data model could stand on its own ppat the analysis and design of hypermedia
applications, its full potential only becomes apgpdrin the light of its role as a foundation to the

context-based navigation paradigbriefly discussed in the next section.

4 Mesh's context-based navigation paradigm

The navigation paradigm as presentedViBSH combines set-based navigation principles with the
advantages of typed links and a structured dateemdtie typed links allow for a generalization loét
guided tourconstruct. The latter is defined as a linear stmecthat eases the burden placed on the

reader, hence reducing disorientation.

As opposed to conventional static guided tour irm@letationsMESHallows for complex structures of
nested tours among related nodes to be genesfitesh-time depending upon theontextof a user’s
navigation. Such context is derived frabstract navigational actionslefined as link type selections.
Indeed, apart from selecting a sinfiiék instance similarly to the practice in conventional hypetiz

a navigational action may also consist of selectingntire link type Selection of a link typé from a
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given source node; results in gguided tour along a set of nodesing generated. This tour includes all

nodes that are linked to the given node by thecsaddink type:

ns.L :={ng | (ns, ng) O L}.

E.g. the actiotvan Goghhas-painted yields a guided tour along all paintings paintgdfan Gogh:

Van Goghhas-painted= {Irises, Potato eaters, Starry night, Sunflow&heatfield, ...}

Navigation is defined in two orthogonal dimensioms:the one hand, navigatiarithin the current tour
yields linear access to complex webs of nodeseal&d the user’'s current focus of interest. On the
other hand, navigatiomrthogonal to a current guided tourchanging the context of the user’s
information requirements, offers the navigatiomabeflom that is the trademark of hypertext systéms.
addition, the abstract navigational actions and t®finitions sustain the generation of very conipac
overviews and maps of complete navigation sessibhis. information can also beookmarkedi.e.
bookmarks not just refer to a single node but toomplete navigational situation, which can be

resumed at a later date.

5 A generic application framework

The information contenaindnavigation structureof the nodes are separated and stored independentl
The resulting system consists of three types ofpmmants: thenodes thelinkbase/repositoryand the
hyperbase enginéAlthough a platform-independent implementaticemiework is provided, all actual

prototyping is explicitly targeted at@ebenvironment.

A node can be defined as a static page or a dynahjéct, using e.g. HTML or XML. Its internal
content is shielded from the outside world by thdiriection of link types playing the role of a n&xle
interface. Optionally, it can be endowed with thieiligence to tune its reaction to tbentextin which

it is accessed. Indeed, by integrating a node $ypet of attributed link types as a parameterdn it

layout template’s presentation routines, the m@tia objects that are most relevant to this pdaticu
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link type can be made current upon node accesgehtie so-calledontext-sensitive visualization

principle.

Since a node is not specified as a necessarilycls#lale object, linkage information cannot be
embedded within a node’s body. Links, as well asangata about node types, link types, aspect
descriptors and aspects are captured within a lsgaledinkbase/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 databasdronment. Only here, references to physical node
addresses are stored, these are never to be erdbhedzl@aode’s body. All external references arbdo

made through location independeanie 1Ds.

The hyperbase enginis conceived as a server-side application thag@edink (type) selections from
the current node, retrieves the correct destinatmie, keeps track of session information and plesvi
facilities for generating maps and overviews. Sialteelevant linkage and meta information is stbre
in the relational DBMS, the hyperbase engine caresg this information by means of simple, pre-

defined and parameterizedtabase querigs.e. without the need for searching througiie content

6 Conclusions

6.1 Advantages of the MESH framework with respect to orientation

MESHSs primary ambition was to reduce the orientatianbgfems perceived by the end users of a
hypermedia environment. As explained in sectoh, this can be accomplished by striving towards

increased coherence and reduced cognitive overhead.

Evidently, consistencyis improved byMESHSs structured data modeling approach, wigped links
explicitly representingelationship semantics.e.whythe source and destination nodes are related, and
the practice of node and aspect typing offeringimakfacilities for indicatingequivalencies between
information units Moreover, end user comprehension of how the lgser is conceived and what kind

of relationships exist between the distinct nodérgady facilitates orientation to a great extent.
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The use ofhigher-order information units such as object classes, but @ representation of
collections of nodes as (node, link type) comboradj induces a stronger sense of structure and
decreasesognitive overheadThe latter is even further reduced thanks touthiéorm user interface
that is supported by inheriting and refining laytemplates in the node typing hierarchy and through
the practice of capturing layout properties intpeas types as well. Consistent interface propertas
only facilitate interaction with the system, bubypiding a similar layout to similar nodes also eases

the user’s ability to grasp the underlying datacttire.

Visualizing the hypertext structurie also beneficial to reducing cognitive overhed@te latter is
facilitated by two factors; first, the hyperbaseusture being stored within searchablerelational
database, such that (partial) maps and overviewsbeagenerated at run-time, without the need to
search through the nodetentents Second, the abundance of meta-information as,raspect and link
types allows for incorporating these abstractionis the overview, so as to be able to present qguace
of varying granularity. This is applied e.g.fish eye viewswhere more distant items can be shown

with less detall, i.e. in aggregated form.

Although MESHs data model could be efficacious on its own nseiit was contrived with specific

navigation semantics in mind. The principle of exttbased navigation offers a dynamic linear path
throughout the information space, diminishing thek rof disorientation, whereas the task of
exhaustively exploring a certain topic becomes meelsier. The navigation paradigm is easily

understandable and supports a certain notialirettion and position

Whereas context-based navigation mainly affectsitiog overhead, it also has a positive influenoe o
coherence by indicating theontext in which information units are displayes a representation of
what these units have in common. Obviously, thisithe effect is even enlarged through the prireipl
of context sensitive node visualizatiomhich causes a node to present that subset ehiteedded

information that is most relevant to the curreniteat.
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6.2 Advantages of the MESH framework with respect to application
development and maintenance

Whereas the development advantages of object-edeahalysis and design are too numerous to
mention them all, a few topics can be named thatqodarly apply to theMESHapproach. Obviously,
the notion ofabstractionis strikingly present inall components of the framework. Botayout
templatesandlink typescan be designed on a high level of generality,rafided and enriched on more
concrete levels through inheritance and overridirtgs not only facilitatesuthoring, but also benefits

consistency, hence the overall quality of the ayapion.

The practice of attributing link types to node typeather than just attributing links to individueddes,
along with the ability of enforcingonstraintssuch as cardinalities and inverse, allows for kimgcon
consistency and referential integrity. Such comstrgpreservation should not necessarily be
“repressive”, but may well be “preventive”, by segting mandatory links and feasible destination

nodes to the author. Such would be a great asgecially in larger hypermedia systems.

Other hypermedia approaches suclt@RM RMM, HDM andOOHDM are also based on conceptual
modeling abstractions, either through E.R. or Géhhiques. Among thes®@ OHDM is the only other
methodology to explicitly incorporate a subtypingdainheritance/overriding mechanism. However,
subtyping modalities are not explicitly stipulat&hther, they are borrowed fro@MT [Rumbaugh et
al., 1991, a general-purpose object-oriented design metloggoIMESH deploys a proprietary
approach, specifically tailored to hypermedia modglwherestructureandrelationshipsprevail over
behavioras important modeling factors. Its full O.O. bastada modeling paradigm should allow for
hypermedia maintenance capabilities equaling tfetiabase counterpart; with unique object idensfier
monitoring of integrity, consistency and completsnechecking, efficient querying and a clean
separation between authoriogntentandphysicalhyperbase maintenand®ESHis the only approach
to formulate specific rules for inheriting and aveing layout and link type properties, taking into
account the added complexity of plural (possiblyertapping and/or temporal) node classifications.

Links are treated as first-class objects, with libjpes being able to be subject to multiple
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specializations themselves, not necessarily inlighrgith node subtyping. It is also clear that adal-

based approach in general facilitates informathariag, reuse, development in parallel, etc.

Separation of node content from link structure ameta information allows for the latter two to be
stored in arelational databasewhereas node content can be maintained in whafag#ity is most
suitable. Consequenthiink maintenanceas uncoupled frontontent maintenancel he former can be
carried out almost entirely through queries upaittkbase without having to alter the internals of the
nodes involved. Links become independent of physiode location and can be created or adjusted

without accessing the nodes themselves, resultingnimal repercussions of updates.

The very loose definition of the node concept aidar an open system where documents of almost
any type can be used as nodes and be seamlessiyaitetd into the system, while retaining full
navigational flexibility. Furthermore, nodes candmsigned to be sensitive to different types dfdjn
without knowledge of all nodes they are linked @mly the various linkypeshave to be taken into
consideration, not every separate instance. Ther lapproach can be considered as more natuttahin t

a node does not reactffom which nodet is accessed, but to tiheason why

Another benefit of abstraction lies MESHs navigation paradigmwhere navigational actions are
specified on an abstract level as much as possiggailting in linktype selection taking the place of
link instance selection. This not only facilitates thiesign with such actions being specified on
node/aspectype level, but also yields node implementations witicteors that arendependent of the
actual link instanceAs a consequence, links can be reallocated witaioy modification to the source
node. Moreover, the context-based navigation pgradiupports a completeutomated generation of
guided tours maps and indices in contrast to e.gRMM, HDM and OOHDM, where these are
conceived agxplicit design componentsequiring extensive authoring efforts. MESH the author is
not even engaged in their realization. Finallygoes without saying that a well-maintained hypesbas

will in its turn mean an invaluable asset to thd eset
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