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Abstract

This paper presentsa new architectuie of a database
mangementsystemintendedto be usedtogetherwith ex-
isting graphicssoftwae. In thefirst place a systemwith
this architectuie shall be capableof copingwith the large
varietyof datarepresentationgypically foundin thegraph-
ics domain. Data is stored in its original form, without
prior corversions,thusconservingthe maximuminforma-
tion content. A specialtyping modelsepaating semantics
fromimplementatiorensuestypesafenessndat the same
timeprovidestheflexibility andextensibilityneededo cope
with multipledatarepresentationsSecondlysoftwae com-
ponentsenable seamlessntegration of existing graphics
opeftionsoffered by varioussoftwae padkages. Thecom-
ponentgogetherwith a compositiormedanismact asthe
datamanipulationlanguage of the architectue. Thearchi-
tectueto bepresentedhasbeenimplementedh a prototype
systentalled GSCOPE.

1. Intr oduction

The broadfield of computergraphicsincludesin par
ticular the applicationareasimage synthesis,jmage pro-
cessingjmageanalysis,geometricmodellingand compu-
tationalgeometry[11]. Graphicssystem@remainly aimed
at the graphicsapplicationdeveloperand provide prede-
fined datastructuresand algorithmsfor one or more sub-
areasof computergraphics. The last yearshave seena
dramaticdevelopmentof graphicssystemsfrom simpleli-
brariesto component-orienteftameavorks making use of
the latestadvancesin object-orientedorogrammingtech-
niguese.g. reusableclasseq10], designpatterns[7], and
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softwae component§l 8.

Reuseof functionalityhasalwaysbeena majorconcern
in thedevelopmenbf graphicssystemsThereforemodern
graphicssystemsprovide good mechanismso reusetheir
functionality Nowadaysreuseof data, i.e. databaséacil-
ities enablingthe userto efficiently storeandretrieve data,
is becomingincreasinglyimportant.In contrasto reuseof
functionality, reuseof datais only poorly supportedy cur-
rentgraphicssystemsin factcurrentsystemsffer in most
case®nly afile formatto save andreloadgraphicsdata[2]
[16].

Moderngraphicssystemsaredesignedo be extensible
Their architectureenablesthe programmerto adaptthem
easilyto new requirementdy addingnew functionality. Ba-
sically, therearetwo stratgjiesto extendcomputersoftware
and thereforealso graphicssystems. The first stratgy is
to implementnew functionality in a system. The second
stratey is to integratefunctionalitywhich hasalreadybeen
implementedn other software packages.In practice,the
first stratgy is well supportedy moderngraphicssystems,
but thereis only little supportfor the secondstrateyy. The
problemwith the secondstratey is thatexisting function-
ality is designedo work on specificrepresentationsf data,
in mary casedifferentfrom the representationsupported
by the graphicssystem.The main hindranceto integration
in the computergraphicsdomainis the large variety of in-
compatiblerepresentationandthelack of asystencapable
of copingwith multiple representationf®r similar data.

Reuseandextensibility arenotdisjoint aspectsExtensi-
bility enhanceseuseof functionality. More precisely im-
plementingnew operations,which may be usedtogether
with existing operations,increasegeuseof functionality
within a system,while integration of existing operations
enablesreuseof functionality amongsystems. Reuseof
functionality is also coupledwith reuseof data, as ad-
ditional functionality representsadditional potential for
reusingdata. The main hindranceto reusedatain current
graphicssystemss the lack of powerful databaséacilities
andthe incompatibledatarepresentationprohibiting data



exchangeamonggraphicssoftware.

In the presenpaperanarchitecturef a universalgraph-
ics databaseananagemensystemwill be presented.This
architectureshall be capableof copingwith differentrep-
resentationtypesof variousgraphicsdataand serne asan
integrationplatformfor existing graphicssoftware,i.e. of-
fering high degreesof extensibility andreuseof functional-
ity, particularlyamonggraphicssoftwarethathasbeeninte-
gratedfrom differentresourcesFurther powerful database
facilitieswill enhanceeuseof data.As aconsequencehis
architectureshouldbe capableof coveringa broadrangeof
thegraphicsdomain.

GscoPe (Graphics System offering Componentsand
Persistence)is a prototypesystemdevelopedat the Uni-
versity of Berneaccordingto this architecture. GSCOPE
is mainly a databasevhich providespersistenstoragefor
multiple representationsf varioustypesof graphicsdata.
In orderto offer awide rangeof operationdor datamanip-
ulation, GSCOPE alsoseresasanintegrationervironment,
providing a uniform view of graphicsfunctionality coming
from differentorigins. The key techniquesisedto achiere
thesepropertiesare modernsoftware componentechnol-
ogy[18] andatyping modeldistinguishingbetweerseman-
tics and representation.GscopPE also provides a flexible
and extensibletestbedfor researchin the areaof content-
basedetrieval method<or graphicsdata.

A briefoverview of somegraphicssystemsandtheirsup-
portfor reuseandextensibilityis givenin Sectiorn2. In Sec-
tion 3 we presentsomegraphicsapplicationghat demand
a universalgraphicsDBMS. Requirementd$or a universal
graphicsDBMS areformulated. A typing modelbasedon
semantictypes and implementationtypesis presentedn
Section4. Thetechniquesisedto provide the extensibility
neededor our universalapproactarepresentedn Section
5. Thesetechniquesogethemwith thetyping modelplay an
importantpartin the GscopPe architecturebeingpresented
in Section6. Someexamplesandimplicationsaregivenin
Section7. Finally a numberof conclusionsaredrawn in
Section8.

2. Reuseand Extensibility in Existing Graphics
Systems

Graphicssystemshave evolved impressiely during the
lastyears. In an attemptto judgethis progresamore pre-
cisely, thefollowing four criteriashallbeapplied:

1. Which areasof computergraphicsare supportedy a
givengraphicssystem?

2. In which way andto which extent doesthe graphics
systemallow a new applicationto reusesolutionsthat
alreadyexist?
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Table 1. Comparison of some existing graph-
ics systems to an ‘ideal’ system.

3. Whatarethe DB facilitiesof the graphicssystem?

4. Inwhichwayandto whichextentcanthegraphicssys-
tembeextended?

Table 1 statesthesefour criteria more preciselyand com-
paresan ‘ideal’ system— which is not yet on the market
— to five existing graphicssystems.SRGP(Simple Raster
GraphicsPackage1988)is a populargraphicspackageor
educationapurposeg6]. It providesbasic2D rastercapa-
bilities andbasicinteractionhandlingin the form of a de-
vice independentunction library. SRGPis animmediate
modelibrary, i.e. the objectsare directly displayedwith-
out beingstoredbeforein the main memory PHIGS (Pro-
grammersHierarchicalinteractve GraphicsSystem;1988)
is a 3D graphicssystenthatallows objectsto becomposed
hierarchically[6]. The objectsare storedin a display list
andmay be manipulatecandviewedfrom differentangles.
However thereis no possibility offeredto storethe objects
persistently OpenGL(1992)is a streamlined2D and 3D
drawing packageproviding a flexible andefficientinterface
to specificgraphicsdevices[14]. OpenGLfocusesmainly
onfastimagesynthesislt alsoprovideslimited supportfor
basicimageprocessingperationsOpenlnventor(1992)is
anobject-oriente@®D framawork offering particularlygood
supportfor the developmentof interactive applicationsin
the areaof geometricmodelling [16]. It is built on top



of OpenGLand offers a library of componentgroviding
reusabldunctionalityto communicatevith the windowing
system.Openinventormay be extendedby integratingnewv
interactve objects. It definesa standardile formatfor 3D
datainterchange.

BooGA (Bernes Object-OrientedGraphics Architec-
ture,1997)is a new graphicssystemdevelopedat the Uni-
versityof Berne[2] [1] [17]. It hasbeendesignedo cover
most aspectsof 2D and 3D graphicsand is basedon a
3-layer architectureconsistingof a component,a frame-
work, anda library layer. Applicationsare built usinga
compositionmodeland are divided into single processing
stepsgachof themrepresentetly a componentUsingthe
componentayer of BOOGA, the developercanwrite — or
rathercompose- applicationseasily The framewvork and
thelibrary layer provide the necessarynechanismso cre-
atethosecomponentsvhicharenotyetavailable.However,
most applicationscan be implementedby largely reusing
existing components.BOOGA includesan extensiblelan-
guagecalledBSDL (BooGA SceneDescriptionLanguage)
to describe2D and3D scenesBSDL is usedby BOOGA as
afile formatto persistentlystoreobjectsandscenes.

BOOGA is closerto the‘ideal’ systenthantheotherfour
systemanentionedabove, but still quite remotefrom it. It
mainlylacksthefollowing two possibilities-whicharenei-
ther supportedy the otherfour systemstrue databasda-
cilities andcomprehensie supportfor integrationof func-
tionality. In currentgraphicssystemghereis no supportto
managdarge datacollectionsandto retrieve specificdata
from suchcollections. Thereforethe potential of reusing
existing graphicgatais clearlyrestricted.Currentgraphics
systemssupportintegrationof functionalityonly aslong as
this functionality itself is capableof handlingthe particu-
lar representationsf the graphicssystem.In orderto sim-
plify integrationof existing functionality, a graphicssystem
shouldbe capableof copingwith multiple representations
of graphicsdatatypes.

3. Needfor a Universal Graphics DBMS

As we have discussedn Section2, someof today's
graphicssystemscover a wide scopeof the graphicsdo-
main and offer goodreuseof functionality within the sys-
tem. Substantiaimprovementof reusein thegraphicsdo-
main can be obtainedby applyingtwo techniquesot yet
consideredby currentsystems:

1. Improvedreuseof dataachievedby databaséacilities.

2. Additional reuseof functionality, not within one, but
amongdifferentkindsof existing graphicssoftware.

To achieve theseimprovementss the main goal of our
universalDBMS architectureto be presentedn this paper

The following threeapplicationsshall give more concrete
motivationsfor thenew architecture:

3.1 Application 1 : rendering scenesof different
representations

An advertising agency is using computer graphics
softwake to produceimagesfor brochuresand postes. In
order to achievethe desied modellingandlighting effects,
different kinds of renderingsoftwae are beingused. The
different rendeers require different input representations
for thescenes- a typical situationin thecomputegraphics
domain. Now for the creation of a WWWsite several
images haveto be recalculatedin a new resolution. The
resultingimageshaveto be corvertedto the JPEGformat.

A userwill normallyhave to do thefollowing: provided
thathe remembershe namesof the sceneshe will search
for them,usingthefacilities of the operatingsystem.Then
for eachscenehe will have to selectthe correctrenderer
He might have to checkthe usermanualto find out how
the renderingresolutionis setfor this particularrenderer
Thenhewill startthe rendereandwait until theimagehas
beenproduced. As the image most probablywill not be
in the JPEGformat, the userwill have to find appropriate
conversionsoftnareandapplyit to theimage. Thesesteps
will haveto berepeatedor eachscene.

Certainly more comfortablesituationsfor the usercan
beimagined.He ratherwantsto have the scene®rganized
within a databas@and simply tell the systemto do the fol-
lowing:

Recalculateéhe givenscenedo fit resolutionz x
y. Corverttheresultingimagesto the JPEGfor-
mat.

This however requiresa databaseapableof storingdiffer-

entrepresentationsf scenedata. The databasenustalso
offer a possibility to integrateexisting softwareandto use
this softwarefor datamanipulations.In our examplethese
are the differentrenderersand the corversiontools. The
processingstep‘recalculatethe given scenes... is formu-

latedon anabstractevel, leaving it to the databasesystem
to decidewhich rendererto selectandhow to setthe res-
olution parameters.Therefore,a mechanisnallowing the
userto formulate datamanipulationsequence®n an ab-
stractlevel is required. As the datamanipulationwill be
appliedto a groupof specificscenesa possibilityto define
collectionsof datais neededaswell.

3.2 Application 2 : query by information content

A user of a computerbased furniture catalague is
lookingfor a particular chair hehasin mind. Ashe cannot



remembethe nameof the chair, he prefers to formulatehis
gueryby sketching the objectheis lookingfor.

This applicationis an examplefor the variousretrieval
methodswhich shouldbe offered by a powerful graphics
databaseOftentextual querymethodspasedon keywords
associateavith the data,arenot very suitableto searchfor
visual information. In mary casescontent-basedhethods
allowing the userto specify shapesor coloursare more
promising [3][8][13]. Such methodshave alreadybeen
successfullyimplementedin image databasedike QBIC
(Query by Image Content)[5]. However thesemethods
have beenspecificallydesignedor imagedata.Researclon
content-basectktrieval methodgor otherkinds of graphics
data,suchas3D objects,is only beginning[9].

“The real merit of a visual informationretrieval
systemis its ability to allow enoughextensibility
andflexibility thatit canbetunedto anyuserap-
plication? [8]

Thereforehe next stepin this areais to offer a flexible and
extensibletestbedcapableof supportingresearchHor new
content-basetktrieval methods.

3.3 Application 3: cooperationof reseach teams

Two reseach teamswant to coopeate: the first team
is working on face recaynition and ownsa 3D scannerto
scanhumanfaces. The scannedface-modelsre usedto
testtheteams latestfacerecaynition softwae basedon 3D
information. Thesecondeseach teamworkson modelling
and animation of human faces and develops modelling
softwake allowing to modeldifferent facial expressions.A
fruitful coopeation of both teamsshould allow the first
teamto examinethe robustnesof its recaynition softwae
with respectto particular changes in facial expressions
which havebeenmodeledusingthe softwae of the second
team. The secondteamcould compae its face-modelgo
real data. In order to realizethe coopeation, a database
of humanfaceshasto be established The databasevould
haveto work with the softwake of bothteams.

This applicationillustratesthe needfor aflexible system
capable of easily integrating various existing software
packageslt is an exampleillustrating how profitabledata
reuseamongdifferent subarea®f computergraphicscan
be.

Thequestiorarisingnow is: couldthethreeapplications
above beimplementedisingexisting graphicssystemdik e
BooGAl? As to Application1, anapparensolutionmight

1Wwe will useBooGA asa representate of state-of-the-argraphics
systems.

beto corvertthe sceneso BooGA formatandrenderthem
usinga BooGA renderer This approachresultsvery likely

in quality loss. The problemis thatdifferentrenderergan-
not completelyreplaceeachother Applications2 and 3

cannotbe realizedusing BooGA, simply becauséB00GA

lacksthe databaséacilities needed.An apparentsolution
might be to extend BOoGA, e.g. by providing dataper

sistenceby an OODBMS, and additionally by implement-
ing content-basecketrieval methods Thedrawbackof such
a solutionwould be thatit only supportsBooGA applica-
tions. To supportanothergraphicssystemonewould have
to largely rewrite the databasgart. This would notbe nec-
essarywhenusinga universalgraphicsDBMS.

3.4. SpecificRequirementson a Universal Graphics
DBMS

In orderto satisfythe needsof mary potentialapplica-
tions, a universalapproacho a graphicsDBMS hasto be
found,withoutlimiting theusageof the DBMS to a specific
applicationarea. Enoughextensibility andflexibility have
to beprovidedin orderto meettheneedof variousexisting
andfutureapplicationsn thegraphicsdomain.Thefollow-
ing list stateghe mostimportantrequirements:

1. Provide persistentstoring of multiple representations
for all kinds of datatypesfound in the graphicsdo-
main.

2. Provide basicretrieval methodsand a metanismto
plug-in new content-basecktrieval methods.

3. Provideseamlesmtegrationof existinggraphicgunc-
tionalitiesfromdifferentsources

4. Provide a mechanisnto formulatedatamanipulation
operationsy compositiorof integratedfunctionality.

5. Allow the specificatiorof abstiact data manipulation
opefmtionsto be concretisizedtruntime.

6. Provide mechanismgo maintain collectionsof data
andrelationsbetweerstoreddata.

Satisfyingthe first threerequirementsmplies high de-
greesof datareuse.Requiremenf. meanghatthe system
mustbe capableof supportinga large basisof existing data.
Requiremen? meanshatthe usermusthave the facilities
neededo efficiently find therelevantdatain large datacol-
lections. As puredatais uselesswvithout functionality, Re-
guiremenB meanghatit mustbepossiblgo integratemary
operationgor datamanipulation Satisfyingsimultaneously
Requirementq, 3 and4 guaranteeigh degreesof exten-
sibility. Requiremen#d meansthatit mustbe possibleto
definecomple datamanipulationrsequencesRequirement



Figure 1. Single persistent representation.

5 demandshatit mustbepossibleto dealwith multiplerep-
resentationsn a uniform way. Finally satisfyingRequire-
ment6 enablesapplicationgo holdtheir own collectionsof
dataandallows themto definetheir own relationsbetween
storeddata.

It follows that the key issuesto be tackled by our ap-
proachare the multiple data representationdo be coped
with andthe high degreesof extensibilitywhich have to be
achiezed. We will discusgheseproblemsin the following
two sections.

4. Coping with Multiple Representations

In orderto supportdatareuseand reuseof functional-
ity amongdifferentgraphicsapplicationsa databasenan-
agemensystemmustbe capableof simultaneousiyolding
datafrom differentsourceq15]. The problemis thateven
for semanticallysimilar data, different applicationsoften
usedifferentdatarepresentationd=romthe databasgoint
of view, thequestioris whichrepresentatioshouldbeused
for thestoringof persistentata.Basicallytherearetwo al-
ternatves,asfollows:

1. Useasinglerepresentatioto storepersistentiata.

2. Allow coexistenceof multiple representations the
database.

In the following, a representatiorR; will be called a
superrepresentatiorof R; if everythingwhich canbe ex-
pressedn R; canalsobeexpressedn R;. Figurel shavs
a DBMS usinga singlerepresentatiori,e. Ry, for its per
sistentdata. Applications A, A, ..., Ag work with rep-
resentationd?;, Rs, ..., Rg. Theseapplicationscanonly
be sureof saving andreloadingdatawithout loss of infor-
mationif R; is guaranteedo be a superrepresentationf

Figure 2. Multiple persistent representations.

Ry, R,,...,Rs? In practice thereare mary caseswvhere
this propertyis hardto fulfill. Fulfilling this propertyin
an opensystem,with frequentintegrationof new applica-
tionsusingnew representationss evenharder Hence the
approachof usinga single persistentrepresentatioms not
very practical.

A morepragmaticapproachs the secondne,i.e. to al-
low coexistenceof differentrepresentations the DBMS.
The ideais to storethe dataalwaysin its original form.
As no informationloss causedby corversionswill occu,
the databasevill hold the maximumpossibleinformation
contents(cf. Figure?2). Adding new applicationsto work
with the DBMS is rather straightforvard: new represen-
tation typeshave simply to be registered. Genericcheck-
in andcheck-outmechanismsre provided by the DBMS.
This approachhasthe advantagethat corvertersmustonly
bewritten whenthey arereally needed As the original in-
formationis storedin the databasethe systemcanalsorun
with simpleincompletecorverterswhich can be replaced
by improvedversiondateron.

4.1 A Type Mechanism for HeterogeneousData
Representations

In a DBMS with coexistenceof multiple representations
for semanticallysimilar datatypes,specificoperationswill
only work with specificrepresentationsType-safeexecu-
tion of operationshasto be assured.A representatiocan
beregardedastheimplementatiorof a semanticdatatype.

2|f, in the meantime, datahasbeenloadedandrewritten by an appli-
cationusinganothemrepresentatiorinformationlosscanstill occur This
problemcanbe solved by letting the databaséold different versionsof
datasimultaneously
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Semanticandimplementationsf dataareoften,but notal-
ways,in aoneto onecorrespondencde.g. asemantidype
called‘image’ may be representedby differentimagefor-
matssuchasPPM, RLE, GIF, or JPEG.Anotherexample
is a contourwhich may be representetby a bitmap, poly-
gon, or chain-codeasit is illustratedin Figure3. On the
otherhand,a representatiotype may be usedto represent
semanticallydifferentthings. In Figure3 a contouranda
marbletexture are bothrepresentedby bitmaps. In sucha
caseit is very importantto distinguishthe semanticswhat
is themeaningof the datastoredin the bitmap?

Now let us considerthe following situation: An opera-
tion A produces 2D contourof a 3D objectviewedfrom a
certainviewpoint. Theresultingcontouris givenin bitmap
representationAn operationB is capableof extractingfea-
turesout of contourgprovidedthatthe contoursaregivenin
polygonrepresentationObviously somekind of corverter
C' is neededvhichis capableof convertingcontoursrepre-
sentedby bitmapsto contoursrepresentedy polygons. It
hasto beassuredhat C is not appliedto a bitmap,simply
becaussuchanoperationwould not make sense This can
be achievedby distinguishingsemantidypes.On the other
handit mustalsobe assuredhat B cannotbe appliedto
contoursotrepresentelly polygons.Thiscanbeachiered
by distinguishingimplementationtypes. As the example
shavs, bothsemanticandimplementationsf datahave to
beclearlydistinguished.

Integration ervironmentsseparatingsemanticsand im-
plementatiorhave alreadybeendescribedn the literature
[12]. Separatiof semanticendimplementatiodeadsto a
moreflexible systemdesign.GscoPE introduceswo types
for all kinds of data:the semantiadatatype describingthe
meaningof thedata,andtherepresentatiotypeidentifying
theconcretémplementatiorof thedata. Theinputandout-
put parametersf anoperationaredescribedy type pairs.
In the following the list of type pairs describingthe input

and output parameterof an operationwill be calledthe
signatue of the operation[19]. Operationamay only be
appliedif the parametersf the operandsnatchthe signa-
ture of the operationwith respecto both,the semantidype
and the implementationtype. For the exampledescribed
above, the operations4, B andC canbe expressedn the
following way:

(Object3DVRML) —4  (Contour, PPM)
(Contout PPM) —¢  (Contout, Polygon)
(Contout Polygon) —B  (SOCHature, ASCI))

We have alsoconsiderech moregeneralapproactusing
semantictype lists insteadof a single semantictype. But
whenimplementingGscoPe we have foundthatsinglese-
mantictypesalreadyprovide sufficient flexibility .

However significantly improved flexibility can be
achiezedby usingtypehierarchiesandoperationoverload-
ing. Figures4 and5 shaowv a possiblehierarchyof seman-
tic typesand, respectiely, of implementationtypes. An
edit operationdefinedto work on an ASCIl implementa-
tion of any semantidcypemightstartupanASCII editor As
theVRML implementatiortypeinheritsall operationgrom
ASCII, theeditoperatiormayalsobeappliedto the VRML
data,allowing auserto directly edit VRML code.However
theoperatiormayalsobeoverloadedor VRML implemen-
tationtypes,e.g.atrueVRML editormaybestartedup.

We can also specify pure semanticoperationswhich
work on datahaving undefinedmplementationgsymbol-
izedby 'x’). Accordingly, ageneraraytraceoperatiormay
begivenasfollows:

(Scene3Dx) —sRaytrace  (Image, )

At runtime this purely semantioperatiorwill bereplaced
by a concreteéimplementatioraccordingto the implemen-
tation type of the input data. In our exampleone of the

following implementationsf araytracercouldresult:

(Scene3DRay) —Rayshade  (Image, RLE)

(Scene3DPOV) —POVEw  (Image, PPM)
(Scene3DBSDL3 —Boo9akay  (Image, PPM)

[ [ [ [ [ |
‘Scene:&D‘ ‘Object3D‘ ‘ObjethD‘ ‘Texture3D‘ ‘ Image ‘ ‘ Text ‘

‘ Polygon‘ ‘ Contour‘ ‘ Icon ‘

Figure 4. A hierar chy of semantic types.



Implement;

‘ PPM ‘ ‘ JPEG ‘ ‘ ASCII ‘ ‘BoogaWZE# ‘BoogaWS[#

‘ BSDL2 ‘ ‘ BSDL3‘

Figure 5. A hierarchy of implementation
types.

Purelysemantioperationsllow theuserto programon
a semantidevel without having to botheraboutimplemen-
tations. It is alsopossibleto defineoperationsvorking on
datahaving aspecificimplementatiortyperegardles®f the
semantictype. The following operationcorverts BSDL3
datato Rayshadelata:

(x,BSDL3 —BSPL3ToRay (4 Ray)

This operationcould be applied to semantictypes like
Scene3DObject3D, Texture3D or others. Of coursean
operationcanalsobe restrictedto work only on a specific
branchof the semantidype hierarchy Operationghatmay
be appliedto ary kind of datacanalsobe defined. For in-
stancethefollowing operationgetsthe nameof ary kind of
data:

(* *) _>GetName
?

Using the type mechanismas describedin this section
meanssatisfyingRequirementg and5 of Section3. It has
beenimplementedn the GSCOPE system.

(Text, ASCI)

5. Achieving Extensibility

An extensiblesystemis capableof beingadaptedo new
needdy acquisitionof additionalfunctionality. New func-
tionality can be acquiredby implementingit in the sys-
temor by importing it from othersystems.With both ap-
proacheghe systemhasto provide aninterfaceto plug-in
the additionalfunctionality Many systemsoffer special-
ized interfacesallowing to integratespecificfunctionality.
This is the casee.g. with mary raytracerswvhich provide
a predefinednterfaceto primitive objects. Theseraytrac-
ersmay be extendedo supportadditionalprimitiveswhich
obey the predefinednterface. In object-orientegprogram-
ming suchextensibility is usuallyrealizedby meansof in-
heritance However far betterextensibility canbe achieved
if asystenmsupportaninterfaceto plug-ingenerafunction-
ality. As generalfunctionality will have variousinputand

outputparametersa descriptve interfaceto functionalityis
required.In orderto easilydealwith generafunctionality,
auserneedsa uniform view of this functionalityi.e. a uni-
form way to acceswariouskindsof functionality Thiscan
be offeredby so-calledsoftwae component§l8].

Thetermsoftwae componenhasdifferentmeaningsle-
pendingonthe peopleusingit. In this papersoftwarecom-
ponentsareconsideredlack-boyesoffering aservice. The
implementationof a componentis hiddenfrom the user
Accessto componentfunctionality is provided in a uni-
form way by meansof a serviceinterface describingthe
argumentsandtheresultingdata.A configurationinterface
allows the componentbehaior to be adaptedo different
needs.A compositionmechanismalsoallows components
to be pluggedtogetherto form new componentor appli-
cations. Well designeccomponentsct as building blocks
whenconstructingsoftwareandcanincreaseeuseof func-
tionality dramatically The functionality of a component
canbe obtainedin two ways: by implementingnew func-
tionality within the system,or by importing functionality
from othersystems.In mostcaseghe first alternatve re-
sultsin anexpensveimplementatiorof the functionalityin
a specificprogramminglanguage. Functionalityto be in-
tegratedcanhave differentforms, rangingfrom executable
programsto sourcecodewritten in a particularlanguage.
With a componenaipproactonehasto definespecialcom-
ponentswhich translatethe specificinterfaceof the func-
tionality to the componeninterface. Suchcomponentsre
often called wrapper components If the functionality is
givenassourcecode,specializedvrappercomponentsvill
have to be written which provide accesdo it. If the func-
tionality alreadysupportsacomponentmechanismgeneric
wrappercomponentsan be defined,translatingfrom one
componenimodelto the other Commandine executables
may beregardedascomponentsTheinputandoutputfiles
correspondo the serviceinterface,andthe commandine
optionscorrespondo the configurationinterface. There-
fore, the sametechniquecanbeapplied.

Functionalityto be integratedwill usually only work
with specificrepresentationsf data. Thereforeintegrat-
ing new functionality often meanghatnew representations
have to beintegrated.An opensystemhasto provide facil-
ities to addnew datatypes. Thesedatarepresentationsan
vary from file-basedepresentation® comple datarepre-
sentation$ieldin mainmemory File-basedepresentations
may be easily integratedby genericdatawrappers. Such
wrappersencapsulatelataof a specificdatatype, thusal-
lowing the datato be passedrom one componento the
other For memory-basedepresentationspecializedvrap-
pershaveto bebuilt in orderto provide accesso thedata.

File-basedrepresentationsnay be made persistentby
genericcheck-inandcheck-outmechanismsviakingmem-
ory representationgersistentis ratherdifficult. In most



casest is betterto corvertamainmemaoryrepresentatioto
afile-basedrepresentationCorverterswill alsobeneeded
to translatedifferentrepresentationsf datainto eachother
in orderto apply specificfunctionality. The wrappercom-
ponentsthe datawrappersandthe corvertersprovide to-
getherthe basisof an openand extensiblesystem. They
allow to integratea large variety of functionality andrep-
resentationsvhich may be usedtransparentlyIntroducing
a component-baseiditegrationfacility will fulfill Require-
ments3 and4 of Section3. The mechanismslescribedn
this sectionhave beenimplementedn the GSCOPE system.

6. The Ar chitecture of GSCOPE

After having presentedthe necessarypreparationsin
Section4.1 and 5, we now can look at the architecture
of GscoPe. An overview of the architectureof Gscopre
is givenin Figure6. A componentconceptas described
in Section5 hasbeenchosento enableseamlessntegra-
tion of existing software. Componentglefinea uniform
view of functionality andthereforesimplify accesgo that
functionality In Figure 6 this uniform interfaceis indi-
catedby a software bus which allows new functionality
to be easily plugged-in. The functionality and the data
typesthat are available have to be registeredsomavhere.
In GscorE this is the duty of the so-calledcomponent-
oriented databasemanagiementsystem(CODBMS) layer.
This layeris alsoresponsibldor providing basicdatabase
operationsand facilities which help to guaranteedatabase
consisteng. Thetypemechanisnimplementedn thislayer
correspondso thatpresentedn Section4. The CODBMS
layer hasbeenimplementedon top of an ordinary object-
orienteddatabasenanagemensystem(OODBMS) corre-
spondingto the ODMG-93 standard4]. It providesaccess
to theactualdatarepository

Figure7 —in UML notation— givesan overview of the
relationsbetweenGscopE’s data,datatypes,and compo-
nents. Accordingto Section4.1, ary datahasa semantic
type andan implementatiortype. Thereforethe inputand
outputdataof componentfiave to bespecifiedastypepairs
describinghesemanticaindimplementationsf eachinput
andoutputparameter The componentssimplementedn
GscopPE correspondo thosedescribedn Section5. The
configurationinterface has beenimplementedas a list of
parametersBeforea componenis executed,t configures
itself accordingo the parametevaluessetin theconfigura-
tion interface.In thefollowing we will have acloserlook at
the CODBMS layerandthenshow how this layerhasbeen
extendedo arrive atthe actualGscopre system.

GSCOPE

Software Bus

CODBMS
Registry
Data Types Components

==

‘ OODBMS ‘

- =
Repository

Figure 6. GSCOPE overview.

semanticn n representation
< Data <

1 1
Semantic Representation
Type Type

n

Component
~

OutRT
configuration

<
outST

I

Configuration

Figure 7. The relations between data and com-
ponents.



6.1 The CODBMS Layer

The CODBMSlayeris the heartof the GSCoOPE system.
It is responsibldor performingdatamanipulatiornby com-
ponentsasfollows:

1. Thedatais checled-outof therepositoryandlocksare
set.

2. The componenmanipulatesxisting dataor possibly
createnew data.

3. After theexecutionof the componenthe manipulated
datais checled-ininto therepositoryandlocksarere-
leased.

Datamanipulationperformedby a componenhasto trans-
form the databasdrom a consistentstateto anothercon-
sistentstate.Thatis, eachcomponentefinesa transaction.
All thecomponengactionsareperformedwithin thistrans-
actionwhichis eithercommittedor abortedasawhole[4].

Thecomponentsogethemith configuratiorandcompo-
sition mechanismg$orm the DML (datamanipulationlan-
guage)of the CODBMS. The CODBMS layer providesa
setof predefinedcomponentdor primitive databaseper
ations. Such operationsinclude setting or removing re-
lations betweendata, navigating throughrelations,select-
ing elementsf a collection,assigningvaluesto attributes,
and genericcheck-inand check-outmechanismspplica-
ble to mostdatarepresentationsThesepredefineccompo-
nentsprovide an interfaceto the differentmanagerof the
CODBMSlayer.

Figure 8 givesa more detailedview of the CODBMS
layer The datatype managerimplementsthe conceptof
separatedsemanticand representatiortypes as presented
in Section4 and Figure 7. Additionally, the datamodel
allows inheritanceof semantidypes,representatiotypes,
andcomponentsInheritanceof semanticdtypesandrepre-
sentatiortypesworksasdescribedn Sectiond4. Theinfor-
mationon registeredcomponentsgonfigurationssemantic
types,representatiotypesand hierarchieds storedin the
repository

This CODBMS layer representsa universal architec-
ture which could potentiallybe usedin otherdomainsthan
graphicsaswell. Domain-specifidayersare built as ex-
tensionsof this layer, i.e. by addingdomain-specifidata
typesanddomain-specificomponentsNext we will illus-
tratehow a graphicsdomainlayercanbebuilt ontop of the
CODBMSIlayer.

6.2 The Graphics Domain Layer
The graphicsdomainlayeris built on top of the general

CODBMS layer by meansof integratingexisting graphics
software. After having madethe decisionwhich graphics

softwareshouldbeintegrated thedatatypesandoperations
offeredhave to beidentified. Carefully analyzingthe data
semanticielpsspecifyingthe semanticdatatypesandthe
correspondingmplementatiortypes. Thenoperationsan
beintegratedby meansof wrappercomponentssit is dis-
cussedn Sectionb.

In orderto verify our concept,we have built a small
graphicsdomainlayerwhich integratesthe following soft-
ware: the graphicsframenork BooGA, the graphicspack-
age ImageMagick, and the raytracingsoftware Rayshade
The integrationof the BooGA frameawork was straightfor
ward. As BooGA alreadysupportsthe componentcon-
cept, it wasonly necessaryo supplywrappercomponents
in orderto translatehe BooGA componentinterfaceto the
GscopPe componentnterface. Additional wrappershadto
be written in orderto encapsulaténternal representation
typesof the BooGA framevork. Thesewrapperstogether
enableGscoPE to transparentlyseall of theBooGA com-
ponents. Integrating commandline-basedsoftware was
evensimpler Unix commandamay be regardedas com-
ponents. The input and outputfiles correspondo the ser
vice interface, and the commandline options correspond
to the configurationinterface. A genericwrapperfor Unix
commandsprovidesaccesdo Rayshadendto the differ-
entcommandine applicationofferedby theImageMagick
software package. Using this wrapper integration of the
functionality offeredby Unix commands<anbe performed
atruntime, without needto recompileor restartGSCOPE.

7. Application of Gscope

Now someof thepossibilitiesof Gscopre will bedemon-
stratedby shaving how the threeapplicationgdiscussedn
Section3 canbeimplemented.

7.1 Application 1

Figure 9 indicatesan implementatiorof Application 1.
The input is a collection of 3D sceneggivenin different
forms of representationThe outputis a collectionof ren-
deredimagesall givenin the JPEGformat. Thefollowing
componentganbeusedto build Application1:

e The For Each componentteratesthrougha collec-
tion of dataandsendsachdataelemento the subse-
guentcommand.

e DBExport isagenericcomponentsedto check-out
datafrom thedatabase.

e Rayt race is apuresemanticcomponentAccording
totheinputrepresentatiorthiscomponenwill callthe
correspondingmplementatiorof araytracer
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Figure 9. Implementation of Application 1.

e | mageConvert is capableof corvertingthe image
from mostimageformatsto the outputformatasspec-
ified in theconfiguration.

e The Append componentappendsiatato an existing
collectionof data.

Thedesiredmageresolutionis setin the configuratiorsec-
tion of theRayt r ace componentLargepartsof thecom-
mandsequencén Figure9 have beendefinedon a purese-
manticlevel, i.e. theapplicationis notrestrictedto specific
inputrepresentations.

7.2 Application 2

Content-basedetrieval is basedon featuresdescribing
thedataandnotonthe dataitself. Therearetwo mainsteps
neededo implementcontent-basedetrieval methods. In
thefirst step,featureshave to beidentifiedin the data,and
anindex structurehasto be built. The secondstepis the
actualquerystep. A retriever getsa queryfeatureandhas
tofind thedatapossessinfgaturepropertiesimilarto those
of thequeryfeature.

We will now look at an exampleshaving 3D objectre-
trieval basen 2D shapeetrieval. Theideais to searcHor
a 3D objectby comparinghe contoursof its projectionsor-
thogonatto the objectcoordinateaxeswith a querycontour
given by the user Figure 10 illustratesthe featureextrac-
tion part. The applicationstartswith the so-calledextent
of 3D objects,i.e. a specificcollectionof all 3D objects.
GscopE storesan extentfor eachdatatype. For each3D
object,shape-basefaturesareextractedandusedto build
anindex on 3D objects.Thefollowing componentareim-
portantin this application:

e SceneConvert corvertsdifferent3D objectrepre-
sentationso BOOGA3 representatioh normallywith-
outary substantiainformationloss.

e Ort hoScenes readsan Object3Din BOOGAS rep-
resentationand producesthree scenesof the object
whichareplacedn front of awhitebackgroundThese
scenegepresentorthogonalviews’ correspondingo
projectionsalongthe threeaxes of the objectcoordi-
natesystem.

e TheCont our componenidentifiestheboundarypix-
els of a connectedregion which is given as a PPM
bitmap.

e The Si gnOF Cur v componentalculateshe sign of
curvatuie featureof a contour

3B00GA3 representatiois the representatioof a BSDL3 file loaded
in mainmemory
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e SOCI ndex generates featureindex entry of a sign
of curvature.

ﬂl Figure 11 shaws the retrieval part. The userdefinesa
(Scene3D, Booga3) Collection gueryshapeandthe applicationreturnsthe ‘most similar’
Scene3D [Scene3D) (Scene3D C f‘ 3D ObjeCtS.
Booga3/ \ Booga3/ \ Booga3, 32{' AN ; .
z e Cont our Edi t or allows the userto draw a query
contour

e SCCRet ri ever findsin the index, specifiedby a
configuratiorparameterthe datahaving the mostsim-
ilar signof curvatue features.

e Di spl ayCol | ect displaysdatacollectionsto the
user Normally this datawill be displayedasanicon
togethemvith aname.

Otherretrieval methodshasedon differentfeaturetypes
canbe integratedinto GscoPE by providing four compo-

nents,i.e. for featureextraction,featureindexing, feature
o0 Y editingandfeatureretrieval.

7.3 Application 3

SignOfCurve

An implementationof Application 3 shall only be
sketched. As for the ‘facerecognitionteam’, the database
will have to store a collection of faces,eachface asso-
ciatedwith a collection of scannedace-modelshawing
different expressionsof the sameface. A semantictype
Face togetherwith an implementationtype FaceRepl
will be needed.For the datastoredby the ‘facemodelling
team’, an additionalimplementatiortype FaceRep2 will
be needed. As FaceRepl and FaceRep2 mostproba-
bly arefile-basedepresentationpersistenstorageof these

SOCIndex Index = Object3D

Figure 10. Feature extraction.



representationsanbeachievedby genericmethodffered
by GscoPe. Therehasto beimplementedat leastonecon-
vertercomponentallowing to corvertfrom FaceRepl to
FaceRep2. Corvertingin the oppositedirectionis not
necessaryf the featuresusedby the recognitionsoftware
canalso be extractedfrom FaceRep2. The software of
the two researchgroupscan easily be integratedutilizing
genericwrappersof GscopPe. Using GSCOPE, only little
effort mustbe madeto provide a databasdor sucha coop-
eration. Both teamscontinueto usethe softwarethey are
familiarwith, but they have additionalpossibilitiesat hand.

By shaving how to implementthethreeapplicationsve
have demonstratedhat GscoprE is capableof supporting
a wide rangeof applicationsin the computergraphicsdo-
main. The implementatiorof Application 1 indicatesthat
GscorE satisfiesRequirementd, 3, 4, 5, and6 for a uni-
versalDBMS. The implementationof Application 2 indi-
catesthat Requiremen® is satisfiedtoo. As theseresults
holdmuchmoregenerallyit maybeexpectedhat GSCoPE
fulfills all therequirementstatedn Section3 for a univer-
salgraphicsDBMS.

8. Conclusions

Reuseof dataand functionality within andin particu-
lar amonggraphicssystemss still restricted,mainly due
to thelarge numberof differentdatarepresentationsEven
thoughVRML andJPEGhave becomestandardepresen-
tationsfor Internetapplications,a significanttendeng to
universalrepresentationsannotbe detected. Specialized
graphicsapplicationsill probablyalwaysrely ontheirown
datarepresentationdNeverthelesshereis anincreasingle-
mandfor reuseof existing graphicsdataandfunctionality.
Consideringhis, we believe thatthe GscoPE architecture
offersa promisingapproacho graphicsdatareuse mainly
becausd is designedo simultaneoushgtoremultiple data
representationsf variousdatatypes. As the datais stored
in its original form, initial informationlosscanbe avoided.
As thetyping modelseparatesemanticdrom implementa-
tion, it guaranteetype safenessndat the sametime pro-
videshigh degreesof flexibility . In mary casegheusercan
programonasemantidevel, withouthaving to botherabout
concretamplementationsA high degreeof extensibility is
achievedby providing softwarecomponentsThey allow to
seamlesslyntegratevariouskinds of graphicsfunctionality
which rangesfrom commandine applicationsto graphics
frameworks. Moreover, compositionof componentsallows
existing graphicsfunctionality to be reusedin a powerful
way. As indicatedin this paper first experiencedave al-
readyshawn that differentkinds of graphicssoftware can
easilybeintegratedby meansof wrappercomponentsThe
GscoPE systemis alsocapableof servingasa testbedor
experimentingwith visual information retrieval methods.

Its conceptsare not limited to the computergraphicsdo-
main. Howeverthearchitecturef Gscope still needdo be
testedn largerscaleenvironments.

Therearemary interestingdirectionsfor furtherresearch
e.g. the developmentof new visual retrieval methodsfor
variousgraphicsdata,the developmentof visual program-
ming interfaces,andthe improvementof componentom-
positionmethodsTo furtherimprovethereuseandintegra-
tion possibilitiesof GSCoPE, a scripting languageshould
be developedandincluded,andalsoadditionalsupportfor
the integration of interactve componentsaving different
graphicaluserinterfaces. We believe that a systemlike
Gscopre will becomeincreasinglyadvantageousf it can
be easilymadeavailableto alarge numberof users.There-
fore someof our currentresearctfocuseson makingparts
of the GscoPe systemaccessibl@verthe Internetwithin a
webbrowser
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