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ABSTRACT

The OpenHypermediaSystemsommunityhasbeenlargely
concernedwith interoperabilitybetweenhypertet systems
which sharethe sameparadigm. It hasevolved a compo-
nentbasedramework for this purposejn which specificbut
incompatiblemiddlevarecomponentsaredesignedor each
hypertext domain,suchasnavigationalhypertext, spatialhy-
pertect or taxonomichypertext. This paperinvestigateshe
commonfeaturef thesedomainsandintroducesFOHM, a
FundamentaDpenHypertext Model, which definesa com-
mondatamodelandsetof relatedoperationghatareapplica-
ble for all threedomains.Usingthis layerthe paperexplores
thepossiblesemantic®f linking betweerdifferenthypertext
domains,andshaws that eachcanintroducefeatureswhich
benefitthe otherdomains.

KEYWORDS: Component-base®@pen HypermediaSys-
tem (CB-OHS), Open HypermediaProtocol (OHP), Hy-
pertext Domains, FundamentalOpen HypermediaModel
(FOHM), Interoperability

INTRODUCTION

At the First OpenHypertext SystemgOHS) Workshopheld
at Hypertext '94, Antoine Rizk proposedhatthe workshop
shoulddesigna protocolfor communicatiorbetweernyper

text client programsandlink seners[30]. The motivation
for his suggestiorwasthatthe OHS communitywas wast-
ing muchtime re-implementingclient programsand wrap-
persfor existing third party applications.The premiseof his

proposalwasthat therewere mary featuresthat were com-
monto all hypertext systemsandthatif we could produce
a simple protocolthatall clientsused,thenwe would have

interoperabilityof clients, and we could concentrateon re-
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searchnto link servicesandhyperbases.

This goal seemedeasonableandin 1996, Davis et al. re-
portedbackto the secondOHS workshopwith a draft pro-
posalfor sucha protocol[4][17]. This proposalleantheas-
ily ontheauthors’own experiencesn designingMicrocosm
andMulticard, andit hada few unfilled sectionghatthe au-
thorshopedthatthe Workshopwould helpto fill. However,
whenviewed by a wider communitythe draft proposalwas
seerto have mary limitations[1]. Oneof themainproblems
wasthatthe original protocoldealtonly with a quite specific
modelof point to point navigational hypertext, and had no
way of dealingwith co-operationgdistribution, or othermod-
elsof hypertext suchastaxonomichypertet [19], spatialhy-
pertext [10] or featuresuchastransclusiongn Xanadu[14].

As a result the community moved on from a straightfor
ward client/sener approacto a componenbasedapproach
[29]. In this architecture component-basethiddlevare is
implementedfor eachhypertet domainandis responsible
for mappingthespecificstructuresequiredoy theclientinto
and out of the structuresstoredin an all purposeback-end
sener. Thismodelprovidesanextensiblearchitecturavhere
new hypertext domainscanbeaddedoy defininganew inter-
facefor this domain,andimplementinganappropriateclient
andmiddlewvarecomponent.This is fully reportedin Reich
etal. [21] andhasbeenthe subjectof demonstrations re-
centhypertext conferenceswherecomponentand systems
from differentresearchabshave beenseerto interoperate.

Having designedan architecturewhich allows multiple hy-
pertext domainsto operatealongsidesachotherwithin a sin-
gle framawork, the community hasrecently becomeinter-
estedn the possibility of interoperabilitybetweerthe differ-
enthypertext domainghemseles.

Therearetwo distinct sortsof inter-domaininteroperability
that one might imagine. Let us imaginethat thereare two
workspacesthe first which is a traditional navigationalhy-
pertext workspaceandthe secondwhich is a spatialhyper
text. If therewerealink from anodein thefirst workspaceo
anodein thesecondvorkspacewhatwouldbethesemantics



of following this link? The first and perhapsmostobvious
outcomewould bethatasthelink wasfollowedinto the spa-
tial workspacea spatialbrowserwould openfrom wherethe
usercould continueto browse. However an interestingsec-
ond possibility could be that the navigationalbrowsercould
remainopen,and could continueto attemptto interpretthe
spatialworkspaceas if it wasa navigationalworkspace. It

wasthis secondnterpretatiorof inter-domaininteroperabil-
ity [16], thatengenderedb the researchreportedin this pa-
per.

In orderfor one hypertext domainto be ableto interpreta
secondhypertext domainasif it were the first, then, using
the currentarchitecture eachmiddlevare componentmust
be adaptedsothatit cantranslatestructuresn all otherdo-
mainsinto its own domain, and this solution will exhibit
guadraticgrowth with the numberof domainsthatintendto
interoperateAlternatively we couldattemptto defineacom-
mon storagelayer which would be sufiiciently genericthat
it could storethe structuregequiredby all currentdomains,
andhopefullyall futuredomains.

In this paperwe startby describingthe characteristicssim-
ilarities anddifferencedetweerthreeof the existing hyper
text domaing(navigational,spatialandtaxonomic).We then
describdFOHM, afundamentabpenhypertet model,which
identifies data and permitted operationsin a client/senrer
stylearchitecture A formal specificatiorof theseoperations
anddatais presentedWe demonstrat¢hatthis modelis suf-
ficient to representll the structuralabstraction@andopera-
tions of thesethreedomains. We malke the conjecturethat
our modelis generalenoughto supportothertypesof do-
mains. Although it is not formally possiblein the generic
caseto definea mappingbackfrom the storagdayerto ary
otherdomain,we discusswaysin which we canattemptthis
mapping,andwe concludeby discussinghe consequences
of achiering suchmappingsandthe advantagesanddisad-
vantageshatdomainscanintroduceto eachother

HYPERTEXT DOMAINS

Theapplicationof hypertet is oftenseerin navigatinginfor-
mationspacesvith the World Wide Web servingasa promi-
nentexample. However, therearemary morehypertet do-
mains,eachwith their own specificneedsandrequirements.
Thesedomainsncludespatialhypertet, argumentatiorsup-
port, taxonomichypertet, hypermediaart, hypermediditer-
atureandothers(for anoverview seeNurnbeg, 1997[15]).

Thesehypertext domainsand the systemssupportingthem
rely on differentconceptuamodels[27]. The ultimateover
all objectve commonto all theseconceptualmodelsis to
“understand’informationspaceg24]. Differentcriteriafor
measuringhis objectve may apply, e.g. metricsborroved
from software engineeringsuchas “cohesion” and “coher
ence”[9], andthe cognitive requirementf thesedomains
differ. Howeverthedomainscouldstill beusedtogether For
example,usersnavigatingthe Web mayon arrival ata “new
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Figure 1: The OHP Node Link model

sener” startby having a spatialoverview of the setof pages
(nodes)vailable(e.g. by usingagraphicaimap)beforenav-

igatingthem. Equally, after having reada setof nodesin a

navigation browserthey may wantto usea taxonomictool

in orderto reasoraboutthe setof nodesthey have read.For

exampleto determinewhoseopinionsacademigapersep-
resent.

In the following we will briefly describesomeof thesedo-
mainsandreflecton their specificproperties. The domains
describedare navigational hypertet, spatialhypertext and
taxonomichypertet.

The Navigational Domain

Navigationalhypertet is concernedvith partitioninginfor-
mation spacesnto nodesand establishingelationshipsbe-
tweenthem suchthat userscan navigate them. The con-
ceptis simplebut powerful andusable.Links storeconnec-
tionsbetweert'hot spots”in documentsBy clicking onone
hotspotthe usernavigatesto the one at the otherendof the
link. It is probablythe oldestconceptuamodelof hypertet
andis alreadymentionecby the pioneerq2, 6, 13]. Modern
OpenHypermediaSystemg OHSs)combinemary features
of early systemskeepinglinking informationseparatdérom
documentsand allowing for more powerful link structures,
for examplebi-directionalor n-arylinks.

The model that we presenthere follows closely the data
modelspecifiedby the OpenHypermediaSystemsNorking
Group (OHSWG)[21]. It is basedfirmly on the definition
of several importantobjectsthat make up a link structure.
Considetthetwo links shavn in Figurel.

In this diagramtherearetwo nodeobjects. Theserepresent
the systemaotion of a documentor afile. Eachnodemay
have several anchorsassociatedvith it. Theseare objects
thatdefinea region inside the nodeto useasa hotspot(for
exampletherecould be ananchorfrom word twelve to word
seventeen).The endpointobjectshind ananchorto a partic-
ular link. As ananchorcanbe boundto severallinks (see
anchor2 in the Figure) the endpointcontainsall the infor-
mationthatis relevantto this anchorin the contect of one
particularlink.



Operationsappliedto objectsinclude creationand deletion
primitivesfor all theobjectsin thesystemaswell asa Follow
Link functionthatreturnsa setof endpointdbasednasingle
input endpointparameteraccordingto the underlyinglink
structures.

The Spatial Domain

This domainof hypertet is alsoreferredto as“Information
Analysis’[9] or “Information Triage”[11]. It emegedfrom
actwities like collecting, comprehendin@r interpretingdi-
versesetsof information and the needto supportsuchac-
tivities. Thus, as opposedto navigational hypertet, what
mattersis the ability to createand move nodesfreely. The
key characteristids to leave structureimplicit andinformal
(atleastaspresentedo the user)[10].

Relationshipshetweennodesare simply expressedoy their
visual characteristicssuch as spatial proximity, color or
shape.This resultsin someinterestingproperties.If for in-
stanceanodeis slightly misalignedwith othernodeghenthis
mightexpressanuncertaintyaboutwhetherthis nodeis actu-
ally partof thisrelationship.In otherwordsit expresseslas-
sificationwithin relationshipsywheresomenodesare‘more’
relatedthenothers. Spatialhypertext systemsaretherefore
inherentlyflexible. Examplesof spatialhypertet systems
includeVIKI [10] andCAOS|[22].

The following conceptuamodelthereforesummarizespa-

tial hypertext. Nodesarevisual symbolsservicingaswrap-

persto documentsthereforethey have characteristicsuch

ascolor, locationandshape Nodescanbe aggreyated(visu-

ally) thusbuilding collectionsof relatedobjects.Composites
arethe visual representationef thesecollections,they also

have visual characteristicandthereforecanalsobe aggre-
gatedinto othercompositesalthoughthis relationshipmay

not be circular Thesecollectionsaretyped,i.e. they may

form lists, matrixes,sets,stacksetc. This effectstheir visual

presentatiorbut also actsas an organizationalaid, adding

both orderandinternalstructureto the collections(i.e. one

nodemay be placedbeforeanothey or the proximity of one

nodeto anothercould reflect the strengthof their associa-
tion).

Any spatial systemhasto make all of theserelationships
explicit in the systemso that queriescan be madeof the

information and that visual information can be storedeco-

nomically. To this endmary systemsusespatialparsergo

corverttheimplicit spatialrelationshipsnto explicit associ-
ationswithin the system.lt is this parserthatrecognizeghe

way in which nodeshave beenlain down anddecideson an

appropriatestructureto storetheinformationsuchasalist or

aset.

Operationson objectsinclude creationanddeletion,adding
andremoving objectsto compositeandalsoa ‘zoom’ func-
tion that allows a userto zoom into a composites sub-
components.
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Figure 2: Example Taxonomy

The Taxonomic Domain

Taxonomichypertet applieshypertext conceptsuchasnon-
linearinformationaccesandindividualizedviewsto thedo-
mainof reasoningabouttaxonomiese.g.in biology, linguis-
ticsandotherapplicationareaq19, 27, 29].

For this kind of knowledgetaska modelbasedon settheory
is used[27]. Userssort artifacts (the equivalentof nodes)
into categories(sets)basedon their characteristics Differ-
entusersmay have differentviews of how the artifactsare
partitioned. Taxonomicreasoningis the processof mov-
ing aroundthe structureby crossingthe boundariebetween
overlappingsets.

Figure2 givesanexampleof a Taxonomy Heretwo people
have categyorizedfive artifacts. They both agreethatall five
lie within category oneandthatartifactsoneandtwo alsolie

within sub-catgory two. However they disagreeon how the
remainingthreeartifactsshouldbe split up. The first view

(perspectie one)saysthatartifactsfour andfive lie in cate-
gory four while artifactthreelies in catayory five. The sec-
ondview (perspectie two) agreeghat artifact threeshould
bein cateyory five but thinks that artifactsfour andfive are
differentenoughto be cateyorizedseparately(in categories
six andserenrespectiely).

Therearetwo importantrulesthat govern the shapeof tax-
onomies.

1. Wheneer a taxonomysplits via perspeciresthe same
artifactscanbe reacheddown eachbranch,it is merely
their categorizationthatchanges.

2. All cateyoriesaresingleparentedvithin a singletaxon-
omy (i.e.,anartifactmaybein two categoriesonly when
eachparentcategyory is within a differenttaxonomy).

Artif actscanbe addedto cateyoriesandalsoremoved. Cat-
egories are organizedhierarchically so catgyories may be
addedandremoved aswell. Categyoriescannotbe circular,
asthis is semanticallymeaningles$27]. In additionsome
setlike operationsare also requiredso asto reasonabout
multiple taxonomiessuchassetunionandintersection.



Comparison of Domains

Therearea numberof similaritiesbetweerthe differenthy-
pertext domains: in all domains,we find notions of data
(nodein navigational, visual in spatial, or artifactin taxo-
nomic hypertet) or association(link in navigational, com-
positein spatialor cateyory in taxonomichypertet). Onthe
otherhand therearefeatureghatonly appeain asinglespe-
cific hypertext domain:

¢ The navigationaldomaincontainsanchorsthat allow
links to pointinto documentsatherthenbeanchoredn
entiredocuments.

e The spatialdomainintroducestyped structures(e.g.
lists, sets,etc.)to therelationships.

e The taxonomicdomain containsperspectie objects
thatallow the relationshipstructurego diverge accord-
ing to differentviews.

Other differencesconcernrestricting the possiblecompos-
ite structuresfor variousdomains. For examplecircularity
is allowedin navigationalhypertect but notin taxonomicor
spatial. A moreelaboratecomparisorof hypertext domains
basedn differentfeaturescanbefoundin [15].

In thefollowing sectionwe will introduceaformal modelof
thesedomainswhich we shallthenuseto explore the com-
mongroundbetweerthem.

FORMALIZATION

What is a Formalization of a Hypertext Domain?
Thereare numerousformal modelsof hypertets, but they
differ accordingto their motivation. The Dexter model[8]
definesa commonvocahulary and its meaningin orderto
talk abouthypertext systems. The hypertet abstractma-
chine(HAM) [3] is anarchitecturablescriptionof ageneral-
purpose,transaction-basednulti-user sener for a hyper
text storagesystem. Furutaand Stotts’ Trellis model [7]
is a formal specificationof hypertexts basedon petri nets.
Hypertexts have alsobeenformalizedasgraphs[25] or au-
tomata[12, 20].

Severalauthorq12, 20, 23] have studiedthedynamicproper
ties of hypertexts in termsof “readers experience” formal-
izing what readersseewhenthey interactwith a hypertext
system.

In this paper our motivationis to make datastructuresand
operationgertainingto themexplicit, sothatwe candefine
a modelthatis commonto the differenthypertext domains
andinvestigatanteroperability

Since both dataand operationshave to be formalized, we
adoptthe sameapproachas Moreauand Hall [12] for our
formalizationof a hypertext domain. We definean abstiact
madine characterizingthe statesof hypertet clients and
seners.We definetheclientasthebrowser or userinterface,
displayingdocumentswhereaghe senermaintainghedoc-
umentsandall hyperstructured its hyperbase.Supported

operationsare modeledby transitionsof the abstractma-
chine,possiblychangingthe internalstatesof the clientand
the sener. In afirst instance,we do not make distribution
explicit, andwe consideronly onesenerin thesystem.

Abstract Machine Transition

Let usconsidetthe navigationaldomain.Thefirst stepin the
formalizationis to definethe statespaceof the abstracima-
chine.Thestatespacenotonly compriseghe datamodelbut
alsothe architectural organization The datamodeldefines
thedifferentdatathatcanbeencounterednode,anchorend-
point andlink. The architecturalorganizationis composed
of a store containingall hyperstructureandthe stateof the
client, which is the currently displayeddocument.Multiple
windows, historylists, etc. arealsopossibleto modelbut are
beyondthe scopeof thiswork.

The secondstepin the formalizationis to definethe opera-
tionsthatmay be performed:they includecreatinglinks (or
ary otherdata),retrieving datafrom the store,or even per
forming a querysuchasgettingendpointdor agivendata.

GivenastateS} of the navigationalabstractmachine exe-
cutingan operationleadsto a new stateSZ", which we note
as:

SV =N Sy,

where— n denotesatransitionfollowing anoperationin the
navigationaldomain.Eachhypertet domainmaybeformal-
izedin a similar manneywhich givesustransitionrelations
— s for spatialhypertext and— 1 for taxonomichypertext.

A Fundamental Hypertext Layer
Giventhesimilaritiesbetweerthedifferentdomainsve have
defineda fundamentalayer ascomposedf datastructures
that are generalenoughto “encode” ary data structureof
eachhypertext domain. Theseoperationsand dataform a
fundamentalbpenhypertext model, which we call FOHM.
We also definegeneraloperationson thesedatastructures.
Figure3 containsthe datamodel,wheread-igure4 displays
someoperationon thesedata,which we now describe.

The setof identifiers Z is formedby the union of threesets
of identifiers,respectiely for associationg€?, dataZ?, and
datareferenced” (abbreviatedrefs). Data, typically docu-
ments,arenotformalizedin the hypertet layer; however, as
we needto referto them,we assumehe existenceof asetD
of Data. Theset.A of associationss definedby thecartesian
productof threesets respectiely of binding vectorsB, rela-
tion types7T andstructuraltypesS. A bindingis composed
of aref ID anda vectorof features;the formeris meantto
betheidentifier of a referencewhich “attaches’on a docu-
ment. A vectorof featuilescanberegardedasan orderedset
of propertieswhereeachpropertyidentifiesa valuein a set
of features suchasdirection of a binding, geometricprop-
erty, etc. By constructionwe requirethe vectorof features
of all the bindingsin a given associatiorto have the same
dimensionasthefeaturespacevectorin theassociationThe
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Figure 3: The Fundamental Data Model

featule spacevectorenumeratedyy name thedifferentprop-
ertiesthatmustbe definedin eachbindingof anassociation:
this allows clientsto constructbindingsthat are understood
by senersandotherclients. We canregardthevectorof fea-
turesasan extensiblerecord, whosecomponentsreidenti-
fied by the featurespacevector The extensiblerecordis a
critical techniqueto supportother hypertext domains,asit
allows usto implementdatastructureswith a variablenum-
ber of features.Finally, an associations alsocharacterized
by astructuraktype,suchasheaplist, or stack which exhibit
differentbehaiors whentheassociations traversed.

We definethe setObjectasthe union of Data, Associations
andRefs.Thestore, whichis definedasthepermanentmem-
ory of asener, mapsidentifiersontoobjects.

Figure4 displayssomeof the operationghat are permitted
onthedata:for instancegreate Associatioexpectsanasso-
ciationanda store,andif successfulteturnsanew identifier
for the associationandan updatedstore,containinga map-
ping betweenthe identifier andthe association As a result,
retrieving an objectassociateavith a valid identifieris per

formedby applyingthestoreto theidentifier Alongthesame
lines, addinga binding to an association(addBindingbAs-
sociation consistsof retrieving the associatiorandstoringa
new associatiorwith anew bindingin the bindingvector

Notethatthe specificationof all functionsin Figure4 is ex-
ecutable Therearehowever operationsvhosespecification
is not executable which we call queries The specification
constraingthe type of resultssuchqueriesshouldproduce,
but it doesnotindicatehow theresultshouldbe obtainedbe-

causewe do not wantto precludeary implementation.For
instancethequerygetBindingfrDatareturnsbindingswith
agivenfeaturevector f andwhoseDataRefrefersto agiven
identifiers.

It is possibleto formalizea completeabstracmachine com-

posedof a client executinga sequencef operationsand a

senercontainingastore.Transitionawill bedefinedin terms
of thesupportedperationsandtheir effectontheclientand

sener is definedusingthe definitionsof Figure4. As are-

sult, we candefinea transitionrelationfor the fundamental
hypertext machinewhichwe note— .

A Translation to the Fundamental Hypertext Layer

The claim that the fundamentalayer is generalenoughto
encodeary of our threeselectechypertext domainsmay it-
selfbeformalized.For eachhypertext domain,thereexistsa
translationthat corverts ary stateof the abstractmachine
into a configurationof the fundamentalhypertext abstract
machine. Similarly, for eachhypertext domain,eachtran-
sition of the abstracimachinemay be translatednto one (or
more)transition(s)f thefundamentahypertext abstracma-
chine.

For the navigational domain, the translation function is
notedTy, andgivena navigationalstateS”, the expression
Tn[S™N] denoteghecorrespondingundamentastate.

Examples:i) A link of thenavigationaldomainis definedas
anassociatiorwith a singlefeaturespace:a direction. Each
endpoints mappedntoabindingwhosefeaturevectorcon-
tains a single entry whosevalueis in the set Dir. i) A



Functions:

create Association

A x Store — (I x Store) .

= Aao. leti = newld(o)
in (i,00i — a])

end
delete Association

retrieve
= Xio.o(i)

addBindingT oAssociation

: I% x Store — Store
= Aioof[i = 1]

T x Store — Object

T x I" x F x Store — Store

= X" fo. let (bt,s) = retrieve(i®,o)

Queries;
getBindingForData

—

V = b[size(DOM(b)) = (", f)]

inoli® — (V,t,5)]
end

T x F x Store — (SetOf(B x I%)) 1

G, fro) = {(b1,i¢) : BxTI%)| b = (i, f1)

by € retrieve(i?,0).B
h=Ff

retrieve(if, o).l =i }

Figure 4: Some Fundamental Functions and Queries

compositef the spatialdomainis definedby anassociation
with a threedimensionalvector spacefor shape,color and

location. Thereis nodirectequivalentof abindingin thespa-

tial domain,however, the translationcreatesucha binding,

with afeaturevectorcontainingtheshapegcolorandlocation

of thedatain the composite.

Thereis astrongrelationshipbetweerthetransitionrelations
thatwe definedfor eachhypertext domainandthetranslation
tothefundamentalayer It takestheform of adiamondorop-
erty property which we canstateasfollows. Let S{¥, S& be
two statesof the navigationaldomainand S a stateof the
fundamentabne. If thereis a translationfrom S to ST,

andif thereis atransitionfrom SN to SY¥, thenthereexists
S¥, suchthatthereis one (or more)transitionsfrom Sy to

SF, and Sf is the resultof the translationof S into the
fundamentalayer. Sucha propertyis summarizedby the
following commutatve diagram:

Similar propertiesalso hold for the spatialand taxonomic
hypertets.

Intuitively, this propertystatesthatthe fundamentalayeris
expressve enoughto encodeary of the threehypertet do-
mains and simulateits behaior. We make the conjecture
thatour modelis generakenoughto simulateotherhypertext
domains:in particular extensiblerecordscanaccommodate
featureghatarenotpresentn thethreeinvestigatediomains.

A Fundamental Implementation Technique

Interestingly eachtranslationto the fundamentalayeris re-
versible.Let uscall Tgl theinversetranslationof Th. The
following propertyholds: for ary stateS™ of the naviga-
tional hypertext machine,

T [Tw ISV = SY.

A similar propertyholdsfor the othertranslationdrom spa-
tial andtaxonomic. Consequentlythe abovze commutatie
diagrammayberewritten asfollows.

S{V =N Sév
Ty + TTgl
SF b SF

This diagramprovesthatthe fundamentalayer canbe used
to implementry hypertext domain.Givenastate|t sufiices
to convertit to the fundamentakepresentationto perform



the operationin the fundamentalayer, andto corvert the
statebackto theinitial domain.

Note that we do not recommendhat ary hypertet is im-
plementedy this complex doubletranslation;however, this
resultshavsthat:

1. behaiorsof any domaincanbeexplainedin termsof the
fundamentalayer,

2. executionin thefundamentalayersufiices,anddomain
specificinformationhasto becorvertedonly whenmade
visibleto theuser:

Sy =N Sy
— Tyt

F + P

Si —E Sa

Investigating Interoperability

Notethatthe symmetricpropertyTn [T [ST]] = ST does
not hold becausehe inversetranslationTy ! is not defined
for any fundamentaktateS¥. However, the inversetrans-
lation is the routeto interoperabilitybetweenhypertet do-
mains.

Inversetranslationsmay be extendedto supportdatathat
comefrom differentdomains.It thenbecomepossiblego de-
fine the meaningof domain-specifioperationson datathat
do not belongto thatdomain. For instance mappinga navi-
gationalhypertext to spatialhypertet is definedasfollows:

Ts ITnIS™

but requiresextendingT’s * to objectsof the navigationaldo-
main.

INTEROPERABILITY BETWEEN DOMAINS

We have alreadystatedthat there are several featuresthat
only appearin ary one of the threedomains. The key to
creatinganinversetranslations to definecorrespondindea-
turesin the othertwo domains.Thesefeaturesshouldnot be
arbitrary but meaningful;bringing somethingto the domain
thatwasnot previously present.In this section,we suggest
cross-domainranslationof data-structureandtheir conse-
guences.

Navigational Anchors

Anchorsallow navigationalclientsto referencepartsof doc-

umentsthat they would otherwisehave to refer to in their

entirety This is particularly usefulwhendefining hotspots
but canalsobe usefulwhendefiningdestinatiorpoints, par

ticularly in large document®or temporalmedia. The notion

of ananchorcould easilybe extendedto the otherdomains.
Allowing partsof largerdocumentdo be organizedspatially
or taxonomicallyandimproving the granularityof referenc-

ing.

)
0°o
)

AlLink as a Set

A Link as a Stack

Figure 5: Link Structures

Spatial Structures

Spatialstructuresaredifferentfrom otherassociationg that
they containinternal structure. This providesthe ability to

producesequencesf nodes(usingqueueslists andstacks)
aswell asmapsthat provide informationaboutthe distance
of onelink endpointfrom another(throughthe use of ma-

trixes). In taxonomichypertet this would becomeanother
distinguishingfeatureof a category, allowing perspectiesto

split over structureaswell ascontent.In navigationit could

provide more structuredmovementthroughthe information
space. Navigational hypertet involves associationsn two

ways: traversaland arrival and eachwould be effected by

internalstructure.

Traversalis the actof following alink [26]. At the moment
alink is effectively a set, if it could have differentinternal
structurehenthebehaior of thetraversalcouldvaryaccord-
ing to thatstructure.Arrival is the actof viewing a structure
(for exampleattheendof atraversal).Hereinternalstructure
couldeffectthewayin whichmemberf theassociatiorare
viewed. Tablel shavs somepossiblesemanticdor traversal
andarrival over differentstructures.

Thesestructuraltypeswould add valuable organizationto
otherwisedisomganizedhyperwebs For exampletake a look
atFigure5.

In Figure5, the left handlink is representeds a Set, this
meansit is unorderecbut that no endpoint(A, B, C, D and
E respectiely) appearsnorethenonce. Theright handlink

is representedsa Stack;similar to a Setexceptit contains
someinternal structure,suchthat endpointA is on the top

of the stackwhile endpointD is on the bottom. Our link

semanticglictatethatwhenusersarrive at a Setthey seeall

of theendpointsontainedthusif usersarriveattheleft hand
link they seeall the endpointsA throughE. However, when
they arrive at a Stackthey seeonly the top endpointof the
stack,soin the caseof the right handlink, this meansthey

seeendpointA.

Whentraversingalink the useralwaysusesanendpointthat
is amemberof thatlink asa startingpoint. Whentraversing
a Setthe userarrivesat all the endpointsexceptthe starting
one. Soif the userstartedfrom endpointB on the left hand



Structure Traversal: endpoints user reaches Arrival: object user sees

Set All exceptstartingendpoint All members

Stack Endpointsto eitherside Top of stack

Queue Next endpointin queue Startof queue

List Endpointsto eitherside All members

Matrix Nearesendpoints All members

Table 1: Semantics of Traversal and Arrival
canaddto andimprove thefeaturesn another
SUMMARY AND CONCLUSIONs
Inter-domaininteroperabilityis a relatively new concernto
Perspective the hypermediacommunity This paperhaspresentedne

solutioninvolving thedefinitionof FOHM, acommonmodel

Figure 6: A Perspective over two Nodes

link thenthey would arriveatendpointsA, C, D andE. How-
ever,whenausenraversesastackthey arrive attheendpoints
to eitherside of their startingpoint. Soif they startedfrom
endpointB ontheright handlink thenthey would arrive only
atendpointsA andC.

Taxonomic Perspectives

Taxonomicperspectresallow differentviews of the organi-
zationsof somesetof nodeswithin a branchof a hierarchy
Perspectie is anabstractiorthatis in mary wayssimilar to

thatof “context” asusedin somenavigationalhypertet sys-
tems. Although a definition of context is beyond the scope
of this paper(for anoverview seg[5]), it is generallyunder

stoodthat data(nodesandlinks etc.) will be arrangedn a
numberof differentcontects, andthat the arrangementhat
will be seenby a userwill dependn someway on a model
thatis known aboutthis user for example,whatthey have

seerbefore,or their skill level.

Modeling perspecties as associationshas the interesting
property of allowing usersto move betweenthe different
views just asif you werefollowing a link. It alsoprovides
a corvenientway of choosinga view. For example,in Fig-

ure 6, arriving by link 2 takesyou directly into a particular
view, whereasarriving by link 1 takesyou to the perspec-
tive itself, wherethe system(or the user)candecidewhich

view to provide. Thesearevery muchthe propertieshatare
requiredby context in otherhypertet systems.

FOHM doesnot currently have ary model of context, but
theseobsenationsindicatethe needfor this extension,and
demonstratghe way in which the featuresof one domain

capableof representingstructuresand implementingoper

ationsfrom ary of the three domainspresented. Thanks
to our use of extensiblerecords,we make the conjecture
thatFOHM is generakenoughto supportotherhypertet do-

mains.

This is somevhatin contrastto [21] wherea dynamicar

rangemenbf middlevare componentgknown as structure
seners)areresponsibldor dealingwith thediffering seman-
tics of variousdomainsstoredin a storagelayer The ad-

vantageof thisis thatthe systemis ableto copewith awide

rangeof differentdomainsand adaptto the introductionof

new ones.However, becausdt is notknown which structure
senerswill bebuilt ontop of the storagdayertheinterface
betweenthe two hasto be very generaland systemperfor

mancecansuffer asa result. FOHM avoids theseproblems
becausét restrictsitself to three commondomainsand is

thereforeableto "know” aboutcertainfundamentaproper

ties (suchasstructuretype). An additionaladvantages that

frontendentitiesservingonedomain(e.g. navigationalhy-

pertext) areto a certainextentableto reasoraboutotherdo-

mains(e.g. spatialhypertet).

In particularFOHM captureshe hypertext structureof the
variousdomainssothatmiddlevarecomponentbecomeop-

tional ratherthena necessityandclientsinherittheresponsi-
bility of fulfilling structurakrequirementskor examplealink

createdn a navigationalclientwould needto beinterpreted
asa setby a spatialbrowser In FOHM no interpretation
is neededasthe conceptof associatiorstructure(lists, sets
etc.) is capturedn the model. In otherwordsboth naviga-
tionalandspatialbrowsersknow aboutsetsandthereforethe
navigationalclientwould alreadyhave addecthis itself.

Non-critical information that has not beencapturedin the
modelcouldstill be dealtwith by middlewvare. Presentation
information, suchas color, is a particularly good example.
In this caseit is the responsibilityof eitherthe client or the
sener to usesensibledefaultsto fill in information that it
requiresbut thatis not stipulatedin the model. Suchinfor-



mationis dependenbnthatparticularclientor sener (for ex-
ampleaclientthatdisplaysonly greyscale)andhasno place
in themodelpresentedhere.

We have alsoshown thatthe exerciseof defininga common
model for theseselectedhypertext domainspotentially re-
sultsin a type of “crossfertilization” in that domainsmay
benefitfrom eachother For instance structuretypesasre-
quiredin spatialhypertext may well be appliedto naviga-
tion or taxonomichypertext aswell. Equally, perspecties
asknown from taxonomichypertet contribute to both the
otherdomains. It is particularlyinterestingto notethatthe
functionality addedseemsto reflect mary of the features
previously worked into hypermediasystems. For example
perspecties seemto reflectthe needfor context and when
viewedin a navigationalbrowserlists appeato bevery sim-
ilar to thenotionof atour or atrail.

We believe that the fact that FOHM reflectstheserequire-
mentsis very encouragingand intendto extend the formal
definitionto includetheinversemappingsdescribed.In ad-
dition acomprehensie setof structuraltypesneeddo bede-
cidedandthe semantic®f link traversalandarrival onthese
structureslefined.

As a practical proof of concepta navigational and a spa-
tial browserhave beenimplementedpoth of which usethe
FOHM layerto accessa commonsetof structureswithin a
FOHM sener. It is ervisagedthata taxonomicbrowserwill

alsobewrittenwith theintentionof exploring the qualityand
validity of macro-structuregsuchasa whole taxonomichi-
erarchy)thathave beenthrougha map-irversemapprocess.

The potential of FOHM to be includedin the component
basedapproachalso needsto be evaluated. For example
it could build a basisfor a structuralcomputing erviron-

ment[18]. The FOHM modelformsalayerthatis bothgen-

eralenougho sene multiple domainsandspecificenougho

allow theparticularfeaturef thesedomaingo beexpressed
fully. Mostimportantly by identifying the commonalitieof

thedomainsjt minimizesthe performanceostnormally as-

sociatedwith sucha genericapproach.
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