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Abstract

This paper presentsa new architecture of a database
managementsystemintendedto be usedtogetherwith ex-
isting graphicssoftware. In the first place, a systemwith
this architecture shall be capableof copingwith the large
varietyof datarepresentationstypicallyfoundin thegraph-
ics domain. Data is stored in its original form, without
prior conversions,thusconservingthe maximuminforma-
tion content.A specialtypingmodelseparating semantics
fromimplementationensurestypesafenessandat thesame
timeprovidestheflexibility andextensibilityneededto cope
with multipledatarepresentations.Secondly, softwarecom-
ponentsenableseamlessintegration of existing graphics
operationsofferedby varioussoftware packages.Thecom-
ponentstogetherwith a compositionmechanismact as the
datamanipulationlanguageof thearchitecture. Thearchi-
tectureto bepresentedhasbeenimplementedin a prototype
systemcalledGSCOPE.

1. Intr oduction

The broadfield of computergraphicsincludesin par-
ticular the applicationareasimagesynthesis,imagepro-
cessing,imageanalysis,geometricmodellingandcompu-
tationalgeometry[11]. Graphicssystemsaremainlyaimed
at the graphicsapplicationdeveloperand provide prede-
fined datastructuresandalgorithmsfor oneor moresub-
areasof computergraphics. The last yearshave seena
dramaticdevelopmentof graphicssystems,from simpleli-
brariesto component-orientedframeworks makinguseof
the latestadvancesin object-orientedprogrammingtech-
niquese.g. reusableclasses[10], designpatterns[7], and
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software components[18].
Reuseof functionalityhasalwaysbeena majorconcern

in thedevelopmentof graphicssystems.Thereforemodern
graphicssystemsprovide goodmechanismsto reusetheir
functionality. Nowadaysreuseof data, i.e. databasefacil-
ities enablingtheuserto efficiently storeandretrieve data,
is becomingincreasinglyimportant.In contrastto reuseof
functionality, reuseof datais only poorlysupportedby cur-
rentgraphicssystems.In factcurrentsystemsoffer in most
casesonly a file formatto save andreloadgraphicsdata[2]
[16].

Moderngraphicssystemsaredesignedto beextensible.
Their architectureenablesthe programmerto adaptthem
easilytonew requirementsbyaddingnew functionality. Ba-
sically, therearetwo strategiesto extendcomputersoftware
and thereforealso graphicssystems. The first strategy is
to implementnew functionality in a system. The second
strategy is to integratefunctionalitywhichhasalreadybeen
implementedin othersoftwarepackages.In practice,the
first strategy is well supportedby moderngraphicssystems,
but thereis only little supportfor thesecondstrategy. The
problemwith thesecondstrategy is thatexisting function-
ality is designedto work onspecificrepresentationsof data,
in many casesdifferentfrom therepresentationssupported
by thegraphicssystem.Themainhindranceto integration
in thecomputergraphicsdomainis the largevarietyof in-
compatiblerepresentationsandthelackof asystemcapable
of copingwith multiple representationsfor similardata.

Reuseandextensibilityarenotdisjointaspects.Extensi-
bility enhancesreuseof functionality. More precisely, im-
plementingnew operations,which may be usedtogether
with existing operations,increasesreuseof 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
graphicssystemsis the lack of powerful databasefacilities
andthe incompatibledatarepresentationsprohibitingdata



exchangeamonggraphicssoftware.
In thepresentpaperanarchitectureof auniversalgraph-

ics databasemanagementsystemwill be presented.This
architectureshall be capableof copingwith differentrep-
resentationtypesof variousgraphicsdataandserve asan
integrationplatformfor existing graphicssoftware,i.e. of-
feringhighdegreesof extensibilityandreuseof functional-
ity, particularlyamonggraphicssoftwarethathasbeeninte-
gratedfrom differentresources.Further, powerful database
facilitieswill enhancereuseof data.As aconsequence,this
architectureshouldbecapableof coveringabroadrangeof
thegraphicsdomain.

GSCOPE (GraphicsSystem offering Componentsand
Persistence)is a prototypesystemdevelopedat the Uni-
versity of Berneaccordingto this architecture. GSCOPE

is mainly a databasewhich providespersistentstoragefor
multiple representationsof varioustypesof graphicsdata.
In orderto offer a wide rangeof operationsfor datamanip-
ulation,GSCOPE alsoservesasanintegrationenvironment,
providing a uniform view of graphicsfunctionalitycoming
from differentorigins. Thekey techniquesusedto achieve
thesepropertiesaremodernsoftwarecomponenttechnol-
ogy[18] andatypingmodeldistinguishingbetweenseman-
tics and representation.GSCOPE also providesa flexible
andextensibletestbedfor researchin the areaof content-
basedretrieval methodsfor graphicsdata.

A briefoverview of somegraphicssystemsandtheirsup-
portfor reuseandextensibilityis givenin Section2. In Sec-
tion 3 we presentsomegraphicsapplicationsthat demand
a universalgraphicsDBMS. Requirementsfor a universal
graphicsDBMS areformulated.A typing modelbasedon
semantictypesand implementationtypes is presentedin
Section4. Thetechniquesusedto provide theextensibility
neededfor our universalapproacharepresentedin Section
5. Thesetechniquestogetherwith thetypingmodelplayan
importantpart in theGSCOPE architecturebeingpresented
in Section6. Someexamplesandimplicationsaregivenin
Section7. Finally a numberof conclusionsaredrawn in
Section8.

2. ReuseandExtensibility in Existing Graphics
Systems

Graphicssystemshave evolved impressively during the
last years. In an attemptto judgethis progressmorepre-
cisely, thefollowing four criteriashallbeapplied:

1. Which areasof computergraphicsaresupportedby a
givengraphicssystem?

2. In which way and to 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. WhataretheDB facilitiesof thegraphicssystem?

4. In whichwayandto whichextentcanthegraphicssys-
tembeextended?

Table1 statesthesefour criteria morepreciselyandcom-
paresan ‘ideal’ system– which is not yet on the market
– to five existing graphicssystems.SRGP(SimpleRaster
GraphicsPackage,1988)is a populargraphicspackagefor
educationalpurposes[6]. It providesbasic2D rastercapa-
bilities andbasicinteractionhandlingin the form of a de-
vice independentfunction library. SRGPis an immediate
modelibrary, i.e. the objectsaredirectly displayedwith-
out beingstoredbeforein themainmemory. PHIGS(Pro-
grammer’sHierarchicalInteractiveGraphicsSystem,1988)
is a 3D graphicssystemthatallowsobjectsto becomposed
hierarchically[6]. The objectsarestoredin a display list
andmaybemanipulatedandviewedfrom differentangles.
However thereis no possibilityofferedto storetheobjects
persistently. OpenGL(1992) is a streamlined2D and3D
drawing packageproviding aflexible andefficient interface
to specificgraphicsdevices[14]. OpenGLfocusesmainly
on fastimagesynthesis.It alsoprovideslimited supportfor
basicimageprocessingoperations.OpenInventor(1992)is
anobject-oriented3D framework offeringparticularlygood
supportfor the developmentof interactive applicationsin
the areaof geometricmodelling [16]. It is built on top



of OpenGLand offers a library of componentsproviding
reusablefunctionalityto communicatewith thewindowing
system.OpenInventormaybeextendedby integratingnew
interactive objects.It definesa standardfile format for 3D
datainterchange.

BOOGA (Berne’s Object-OrientedGraphicsArchitec-
ture,1997)is a new graphicssystemdevelopedat theUni-
versityof Berne[2] [1] [17]. It hasbeendesignedto cover
most aspectsof 2D and 3D graphicsand is basedon a
3-layer architectureconsistingof a component,a frame-
work, and a library layer. Applicationsare built using a
compositionmodelandaredivided into singleprocessing
steps,eachof themrepresentedby a component.Usingthe
componentlayer of BOOGA, the developercanwrite – or
rathercompose– applicationseasily. The framework and
the library layerprovide thenecessarymechanismsto cre-
atethosecomponentswhicharenotyetavailable.However,
most applicationscan be implementedby largely reusing
existing components.BOOGA includesan extensiblelan-
guagecalledBSDL (BOOGA SceneDescriptionLanguage)
to describe2D and3D scenes.BSDL is usedby BOOGA as
afile formatto persistentlystoreobjectsandscenes.

BOOGA is closerto the‘ideal’ systemthantheotherfour
systemsmentionedabove,but still quite remotefrom it. It
mainlylacksthefollowing two possibilities– whicharenei-
thersupportedby theotherfour systems:truedatabasefa-
cilities andcomprehensive supportfor integrationof func-
tionality. In currentgraphicssystemsthereis no supportto
managelarge datacollectionsandto retrieve specificdata
from suchcollections. Thereforethe potentialof reusing
existinggraphicsdatais clearlyrestricted.Currentgraphics
systemssupportintegrationof functionalityonly aslongas
this functionality itself is capableof handlingthe particu-
lar representationsof thegraphicssystem.In orderto sim-
plify integrationof existingfunctionality, agraphicssystem
shouldbe capableof copingwith multiple representations
of graphicsdatatypes.

3. Needfor a UniversalGraphics DBMS

As we have discussedin Section2, someof today‘s
graphicssystemscover a wide scopeof the graphicsdo-
mainandoffer goodreuseof functionalitywithin the sys-
tem.Substantialimprovementsof reusein thegraphicsdo-
main canbe obtainedby applyingtwo techniquesnot yet
consideredby currentsystems:

1. Improvedreuseof dataachievedby databasefacilities.

2. Additional reuseof functionality, not within one,but
amongdifferentkindsof existinggraphicssoftware.

To achieve theseimprovementsis the main goal of our
universalDBMS architectureto bepresentedin this paper.

The following threeapplicationsshall give moreconcrete
motivationsfor thenew architecture:

3.1. Application 1 : rendering scenesof different
representations

An advertising agency is using computer graphics
software to produceimagesfor brochuresand posters. In
order to achievethedesiredmodellingandlighting effects,
different kindsof renderingsoftware are beingused. The
different renderers require different input representations
for thescenes– a typicalsituationin thecomputergraphics
domain. Now for the creation of a WWW-site, several
images haveto be recalculatedin a new resolution. The
resultingimageshaveto beconvertedto theJPEGformat.

A userwill normallyhave to do thefollowing: provided
thathe remembersthenamesof thescenes,hewill search
for them,usingthefacilitiesof theoperatingsystem.Then
for eachscenehe will have to selectthe correctrenderer.
He might have to checkthe usermanualto find out how
the renderingresolutionis set for this particularrenderer.
Thenhewill starttherendererandwait until theimagehas
beenproduced. As the imagemost probablywill not be
in the JPEGformat, the userwill have to find appropriate
conversionsoftwareandapply it to the image.Thesesteps
will haveto berepeatedfor eachscene.

Certainly morecomfortablesituationsfor the usercan
beimagined.He ratherwantsto have thescenesorganized
within a databaseandsimply tell thesystemto do the fol-
lowing:

Recalculatethegivenscenesto fit resolution���� . Convert theresultingimagesto theJPEGfor-
mat.

This however requiresa databasecapableof storingdiffer-
ent representationsof scenedata. The databasemustalso
offer a possibility to integrateexisting softwareandto use
this softwarefor datamanipulations.In our examplethese
are the different renderersand the conversiontools. The
processingstep‘recalculatethe given scenes...’ is formu-
latedon anabstractlevel, leaving it to thedatabasesystem
to decidewhich rendererto selectandhow to set the res-
olution parameters.Therefore,a mechanismallowing the
userto formulatedatamanipulationsequenceson an ab-
stractlevel is required. As the datamanipulationwill be
appliedto a groupof specificscenes,a possibilityto define
collectionsof datais neededaswell.

3.2. Application 2 : query by information content

A user of a computer-based furniture catalogue is
lookingfor a particular chair hehasin mind.Ashecannot



rememberthenameof thechair, heprefers to formulatehis
queryby sketching theobjectheis lookingfor.

This applicationis an examplefor the variousretrieval
methodswhich shouldbe offeredby a powerful graphics
database.Oftentextual querymethods,basedon keywords
associatedwith thedata,arenot very suitableto searchfor
visual information. In many casescontent-basedmethods
allowing the user to specify shapesor colours are more
promising [3][8][13]. Such methodshave alreadybeen
successfullyimplementedin image databaseslike QBIC
(Query by ImageContent)[5]. However thesemethods
havebeenspecificallydesignedfor imagedata.Researchon
content-basedretrieval methodsfor otherkindsof graphics
data,suchas3D objects,is only beginning[9].

“The real merit of a visual informationretrieval
systemis its ability to allow enoughextensibility
andflexibility that it canbetunedto anyuserap-
plication.” [8]

Thereforethenext stepin thisareais to offer a flexible and
extensibletestbedcapableof supportingresearchfor new
content-basedretrieval methods.

3.3. Application 3 : cooperationof research teams

Two research teamswant to cooperate: the first team
is working on facerecognition and ownsa 3D scannerto
scanhumanfaces. The scannedface-modelsare usedto
testtheteam’s latestfacerecognitionsoftwarebasedon3D
information.Thesecondresearch teamworksonmodelling
and animation of human faces and develops modelling
software allowing to modeldifferent facial expressions.A
fruitful cooperation of both teamsshould allow the first
teamto examinethe robustnessof its recognition software
with respectto particular changes in facial expressions
which havebeenmodeledusingthesoftware of thesecond
team. Thesecondteamcould compare its face-modelsto
real data. In order to realizethe cooperation, a database
of humanfaceshasto beestablished.Thedatabasewould
haveto workwith thesoftware of bothteams.

Thisapplicationillustratestheneedfor aflexible system
capable of easily integrating various existing software
packages.It is an exampleillustratinghow profitabledata
reuseamongdifferentsubareasof computergraphicscan
be.

Thequestionarisingnow is: couldthethreeapplications
abovebeimplementedusingexistinggraphicssystemslike
BOOGA1? As to Application1, anapparentsolutionmight

1We will useBOOGA as a representative of state-of-the-artgraphics
systems.

beto convert thescenesto BOOGA formatandrenderthem
usinga BOOGA renderer. This approachresultsvery likely
in quality loss.Theproblemis thatdifferentrendererscan-
not completelyreplaceeachother. Applications2 and 3
cannotbe realizedusingBOOGA, simply becauseBOOGA

lacksthe databasefacilities needed.An apparentsolution
might be to extend BOOGA, e.g. by providing dataper-
sistenceby an OODBMS,andadditionallyby implement-
ing content-basedretrieval methods.Thedrawbackof such
a solutionwould be that it only supportsBOOGA applica-
tions. To supportanothergraphicssystem,onewould have
to largely rewrite thedatabasepart.This wouldnot benec-
essarywhenusinga universalgraphicsDBMS.

3.4. SpecificRequirementsona UniversalGraphics
DBMS

In orderto satisfythe needsof many potentialapplica-
tions, a universalapproachto a graphicsDBMS hasto be
found,without limiting theusageof theDBMS to aspecific
applicationarea. Enoughextensibility andflexibility have
to beprovidedin orderto meettheneedsof variousexisting
andfutureapplicationsin thegraphicsdomain.Thefollow-
ing list statesthemostimportantrequirements:

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

2. Provide basicretrieval methodsand a mechanismto
plug-innew content-basedretrieval methods.

3. Provideseamlessintegrationof existinggraphicsfunc-
tionalitiesfromdifferentsources.

4. Provide a mechanismto formulatedatamanipulation
operationsby compositionof integratedfunctionality.

5. Allow thespecificationof abstract datamanipulation
operationsto beconcretisizedat run time.

6. Provide mechanismsto maintaincollectionsof data
andrelationsbetweenstoreddata.

Satisfyingthe first threerequirementsimplies high de-
greesof datareuse.Requirement1 meansthat the system
mustbecapableof supportinga largebasisof existingdata.
Requirement2 meansthat theusermusthave the facilities
neededto efficiently find therelevantdatain largedatacol-
lections.As puredatais uselesswithout functionality, Re-
quirement3 meansthatit mustbepossibleto integratemany
operationsfor datamanipulation.Satisfyingsimultaneously
Requirements1, 3 and4 guaranteeshigh degreesof exten-
sibility. Requirement4 meansthat it mustbe possibleto
definecomplex datamanipulationsequences.Requirement
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Figure 1. Single persistent representation.

5 demandsthatit mustbepossibleto dealwith multiplerep-
resentationsin a uniform way. Finally satisfyingRequire-
ment6 enablesapplicationsto hold theirown collectionsof
dataandallows themto definetheir own relationsbetween
storeddata.

It follows that the key issuesto be tackledby our ap-
proachare the multiple data representationsto be coped
with andthehigh degreesof extensibilitywhich have to be
achieved. We will discusstheseproblemsin the following
two sections.

4. Coping with Multiple Representations

In order to supportdatareuseandreuseof functional-
ity amongdifferentgraphicsapplications,a databaseman-
agementsystemmustbecapableof simultaneouslyholding
datafrom differentsources[15]. Theproblemis thateven
for semanticallysimilar data,different applicationsoften
usedifferentdatarepresentations.Fromthedatabasepoint
of view, thequestionis whichrepresentationshouldbeused
for thestoringof persistentdata.Basicallytherearetwo al-
ternatives,asfollows:

1. Usea singlerepresentationto storepersistentdata.

2. Allow coexistenceof multiple representationsin the
database.

In the following, a representation��� will be called a
superrepresentationof ��� if everythingwhich canbe ex-
pressedin �	� canalsobeexpressedin � � . Figure1 shows
a DBMS usinga singlerepresentation,i.e. ��
 , for its per-
sistentdata. Applications �
��������������������� work with rep-
resentations�
��������������������� . Theseapplicationscanonly
besureof saving andreloadingdatawithout lossof infor-
mationif � 
 is guaranteedto be a superrepresentationof
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Figure 2. Multiple persistent representations.

� � ��� � ����������� � 2. In practice,therearemany caseswhere
this property is hard to fulfill. Fulfilling this property in
an opensystem,with frequentintegrationof new applica-
tionsusingnew representations,is evenharder. Hence,the
approachof usinga singlepersistentrepresentationis not
verypractical.

A morepragmaticapproachis thesecondone,i.e. to al-
low coexistenceof differentrepresentationsin the DBMS.
The idea is to store the dataalways in its original form.
As no information losscausedby conversionswill occur,
the databasewill hold the maximumpossibleinformation
contents(cf. Figure2). Adding new applicationsto work
with the DBMS is ratherstraightforward: new represen-
tation typeshave simply to be registered. Genericcheck-
in andcheck-outmechanismsareprovidedby the DBMS.
This approachhastheadvantagethatconvertersmustonly
bewritten whenthey arereally needed.As theoriginal in-
formationis storedin thedatabase,thesystemcanalsorun
with simple incompleteconverterswhich can be replaced
by improvedversionslateron.

4.1. A Type Mechanism for HeterogeneousData
Representations

In a DBMS with coexistenceof multiple representations
for semanticallysimilar datatypes,specificoperationswill
only work with specificrepresentations.Type-safeexecu-
tion of operationshasto be assured.A representationcan
beregardedastheimplementationof a semanticdatatype.

2If, in themeantime, datahasbeenloadedandrewritten by anappli-
cationusinganotherrepresentation,informationlosscanstill occur. This
problemcanbe solved by letting the databasehold differentversionsof
datasimultaneously.



Shading Language

  Col=diffuse(Col)+.6*

  color cSpec=[1,1,1];
  ratio=(.5*sin(8*chaos(f*
         TPos,6))+.5)^.12;
  Col=mix(c2,c1,ratio);

    specular(cSpec,specPow);
}

color c2=[0,0,0]) {
color c1=[.6,.8,.9], 

  real ratio;real specPow=14;

surface marble(f = 5, 

Bitmap Polygon Chain CodeContour

Texture

RepresentationsSemantics

Bitmap

Figure 3. N:M correspondence of semantics
and implementations.

Semanticsandimplementationsof dataareoften,butnotal-
ways,in a oneto onecorrespondence.E.g. a semantictype
called‘image’ may be representedby differentimagefor-
matssuchasPPM,RLE, GIF, or JPEG.Anotherexample
is a contourwhich maybe representedby a bitmap,poly-
gon, or chain-code,asit is illustratedin Figure3. On the
otherhand,a representationtypemaybeusedto represent
semanticallydifferentthings. In Figure3 a contouranda
marbletexture areboth representedby bitmaps. In sucha
caseit is very importantto distinguishthesemantics:what
is themeaningof thedatastoredin thebitmap?

Now let us considerthe following situation: An opera-
tion � producesa2D contourof a3D objectviewedfrom a
certainviewpoint. Theresultingcontouris givenin bitmap
representation.An operation� is capableof extractingfea-
turesoutof contoursprovidedthatthecontoursaregivenin
polygonrepresentation.Obviously somekind of converter�

is neededwhich is capableof convertingcontoursrepre-
sentedby bitmapsto contoursrepresentedby polygons. It
hasto beassuredthat

�
is not appliedto a bitmap,simply

becausesuchanoperationwould not make sense.This can
beachievedby distinguishingsemantictypes.On theother
handit mustalsobe assuredthat � cannotbe appliedto
contoursnotrepresentedby polygons.Thiscanbeachieved
by distinguishingimplementationtypes. As the example
shows,bothsemanticsandimplementationsof datahave to
beclearlydistinguished.

Integrationenvironmentsseparatingsemanticsand im-
plementationhave alreadybeendescribedin the literature
[12]. Separationof semanticsandimplementationleadstoa
moreflexible systemdesign.GSCOPE introducestwo types
for all kindsof data: thesemanticdatatypedescribingthe
meaningof thedata,andtherepresentationtypeidentifying
theconcreteimplementationof thedata.Theinputandout-
put parametersof anoperationaredescribedby typepairs.
In the following the list of type pairsdescribingthe input

and output parametersof an operationwill be called the
signature of the operation[19]. Operationsmay only be
appliedif theparametersof theoperandsmatchthesigna-
tureof theoperationwith respectto both,thesemantictype
and the implementationtype. For the exampledescribed
above, the operations����� and

�
canbe expressedin the

following way:

�
Object3D� VRML "!$#&% �

Contour� PPM �
Contour� PPM '!$#&( �

Contour� Polygon �
Contour� Polygon '!)#&* �

SOCFeature� ASCII 
We have alsoconsidereda moregeneralapproachusing

semantictype lists insteadof a singlesemantictype. But
whenimplementingGSCOPE wehave foundthatsinglese-
mantictypesalreadyprovidesufficientflexibility .

However significantly improved flexibility can be
achievedby usingtypehierarchiesandoperationoverload-
ing. Figures4 and5 show a possiblehierarchyof seman-
tic typesand, respectively, of implementationtypes. An
edit operationdefinedto work on an ASCII implementa-
tion of any semantictypemightstartupanASCII editor. As
theVRML implementationtypeinheritsall operationsfrom
ASCII, theeditoperationmayalsobeappliedto theVRML
data,allowing auserto directlyeditVRML code.However
theoperationmayalsobeoverloadedfor VRML implemen-
tationtypes,e.g.a trueVRML editormaybestartedup.

We can also specify pure semanticoperationswhich
work on datahaving undefinedimplementations(symbol-
izedby ’ + ’). Accordingly, ageneralraytraceoperationmay
begivenasfollows:

�
Scene3D�,+� -!$#&.0/,1,2435/�687 �

Image�,+9 
At run time this purelysemanticoperationwill bereplaced
by a concreteimplementationaccordingto the implemen-
tation type of the input data. In our exampleone of the
following implementationsof a raytracercouldresult:

�
Scene3D� Ray !$#&.0/,1�:<;=/�>,7 �

Image� RLE �
Scene3D� POV !$#&?0@BAC.0/,1 �

Image� PPM �
Scene3D� BSDL3 -!$#D*FE�EHG�/,.0/,1 �

Image� PPM 

Contour

Semantic

Icon

Image

Polygon

Scene3D Object3D Object2D Texture3D Text

Figure 4. A hierar chy of semantic types.
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Figure 5. A hierar chy of implementation
types.

Purelysemanticoperationsallow theuserto programon
a semanticlevel without having to botheraboutimplemen-
tations. It is alsopossibleto defineoperationsworking on
datahaving aspecificimplementationtyperegardlessof the
semantictype. The following operationconvertsBSDL3
datato Rayshadedata:

� +I� BSDL3 -!$#&*FJLKNMPO�QRE�.0/,1 � +S� Ray 
This operationcould be applied to semantictypes like
Scene3D,Object3D,Texture3D or others. Of coursean
operationcanalsobe restrictedto work only on a specific
branchof thesemantictypehierarchy. Operationsthatmay
beappliedto any kind of datacanalsobedefined.For in-
stancethefollowing operationgetsthenameof any kind of
data:

� +S�5+� -!)#DTB7U24V�/,W�7 �
Text � ASCII 

Using the type mechanismas describedin this section
meanssatisfyingRequirements1 and5 of Section3. It has
beenimplementedin theGSCOPE system.

5. Achieving Extensibility

An extensiblesystemis capableof beingadaptedto new
needsby acquisitionof additionalfunctionality. New func-
tionality can be acquiredby implementingit in the sys-
tem or by importing it from othersystems.With both ap-
proachesthe systemhasto provide an interfaceto plug-in
the additional functionality. Many systemsoffer special-
ized interfacesallowing to integratespecificfunctionality.
This is the casee.g. with many raytracerswhich provide
a predefinedinterfaceto primitive objects. Theseraytrac-
ersmaybeextendedto supportadditionalprimitiveswhich
obey thepredefinedinterface. In object-orientedprogram-
ming suchextensibility is usuallyrealizedby meansof in-
heritance.However far betterextensibility canbeachieved
if asystemsupportsaninterfacetoplug-ingeneralfunction-
ality. As generalfunctionalitywill have variousinput and

outputparameters,adescriptiveinterfaceto functionalityis
required.In orderto easilydealwith generalfunctionality,
a userneedsa uniform view of this functionalityi.e. a uni-
form way to accessvariouskindsof functionality. Thiscan
beofferedby so-calledsoftwarecomponents[18].

Thetermsoftwarecomponenthasdifferentmeaningsde-
pendingon thepeopleusingit. In thispapersoftwarecom-
ponentsareconsideredblack-boxesofferinga service.The
implementationof a componentis hiddenfrom the user.
Accessto componentfunctionality is provided in a uni-
form way by meansof a serviceinterfacedescribingthe
argumentsandtheresultingdata.A configurationinterface
allows the componentsbehavior to be adaptedto different
needs.A compositionmechanismalsoallows components
to be pluggedtogetherto form new componentsor appli-
cations. Well designedcomponentsact asbuilding blocks
whenconstructingsoftwareandcanincreasereuseof 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 mostcasesthe first alternative re-
sultsin anexpensiveimplementationof thefunctionalityin
a specificprogramminglanguage.Functionalityto be in-
tegratedcanhave differentforms,rangingfrom executable
programsto sourcecodewritten in a particularlanguage.
With a componentapproachonehasto definespecialcom-
ponentswhich translatethe specificinterfaceof the func-
tionality to thecomponentinterface.Suchcomponentsare
often called wrapper components. If the functionality is
givenassourcecode,specializedwrappercomponentswill
have to be written which provide accessto it. If the func-
tionality alreadysupportsacomponentmechanism,generic
wrappercomponentscanbe defined,translatingfrom one
componentmodelto theother. Commandline executables
mayberegardedascomponents.Theinputandoutputfiles
correspondto the serviceinterface,andthe commandline
optionscorrespondto the configurationinterface. There-
fore, thesametechniquecanbeapplied.

Functionality to be integratedwill usually only work
with specificrepresentationsof data. Thereforeintegrat-
ing new functionalityoftenmeansthatnew representations
have to beintegrated.An opensystemhasto provide facil-
ities to addnew datatypes.Thesedatarepresentationscan
vary from file-basedrepresentationsto complex datarepre-
sentationsheldin mainmemory. File-basedrepresentations
may be easily integratedby genericdatawrappers. Such
wrappersencapsulatedataof a specificdatatype, thusal-
lowing the datato be passedfrom one componentto the
other. For memory-basedrepresentationsspecializedwrap-
pershave to bebuilt in orderto provideaccessto thedata.

File-basedrepresentationsmay be madepersistentby
genericcheck-inandcheck-outmechanisms.Makingmem-
ory representationspersistentis ratherdifficult. In most



casesit is betterto convertamainmemoryrepresentationto
a file-basedrepresentation.Converterswill alsobeneeded
to translatedifferentrepresentationsof datainto eachother
in orderto applyspecificfunctionality. Thewrappercom-
ponents,the datawrappers,andthe convertersprovide to-
getherthe basisof an openand extensiblesystem. They
allow to integratea large variety of functionality andrep-
resentationswhich maybeusedtransparently. Introducing
a component-basedintegrationfacility will fulfill Require-
ments3 and4 of Section3. Themechanismsdescribedin
thissectionhavebeenimplementedin theGSCOPE 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 GSCOPE

is given in Figure 6. A componentconceptas described
in Section5 hasbeenchosento enableseamlessintegra-
tion of existing software. Componentsdefinea uniform
view of functionalityandthereforesimplify accessto that
functionality. In Figure 6 this uniform interface is 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 registeredsomewhere.
In GSCOPE this is the duty of the so-calledcomponent-
orienteddatabasemanagementsystem(CODBMS) layer.
This layer is alsoresponsiblefor providing basicdatabase
operationsandfacilities which help to guaranteedatabase
consistency. Thetypemechanismimplementedin this layer
correspondsto thatpresentedin Section4. TheCODBMS
layer hasbeenimplementedon top of an ordinaryobject-
orienteddatabasemanagementsystem(OODBMS) corre-
spondingto theODMG-93standard[4]. It providesaccess
to theactualdatarepository.

Figure7 – in UML notation– givesanoverview of the
relationsbetweenGSCOPE’s data,datatypes,andcompo-
nents. Accordingto Section4.1, any datahasa semantic
typeandan implementationtype. Thereforethe input and
outputdataof componentshaveto bespecifiedastypepairs
describingthesemanticsandimplementationsof eachinput
andoutputparameter. Thecomponentsasimplementedin
GSCOPE correspondto thosedescribedin Section5. The
configurationinterfacehasbeenimplementedas a list of
parameters.Beforea componentis executed,it configures
itself accordingto theparametervaluessetin theconfigura-
tion interface.In thefollowing wewill haveacloserlook at
theCODBMSlayerandthenshow how this layerhasbeen
extendedto arriveat theactualGSCOPE system.
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6.1. The CODBMS Layer

TheCODBMSlayeris theheartof theGSCOPE system.
It is responsiblefor performingdatamanipulationby com-
ponents,asfollows:

1. Thedatais checked-outof therepositoryandlocksare
set.

2. Thecomponentmanipulatesexisting dataor possibly
createsnew data.

3. After theexecutionof thecomponentthemanipulated
datais checked-ininto therepositoryandlocksarere-
leased.

Datamanipulationperformedby a componenthasto trans-
form the databasefrom a consistentstateto anothercon-
sistentstate.Thatis, eachcomponentdefinesa transaction.
All thecomponent’sactionsareperformedwithin thistrans-
actionwhich is eithercommittedor abortedasa whole[4].

Thecomponentstogetherwith configurationandcompo-
sition mechanismsform the DML (datamanipulationlan-
guage)of the CODBMS.The CODBMS layer providesa
setof predefinedcomponentsfor primitive databaseoper-
ations. Such operationsinclude setting or removing re-
lationsbetweendata,navigating throughrelations,select-
ing elementsof a collection,assigningvaluesto attributes,
and genericcheck-inand check-outmechanismsapplica-
ble to mostdatarepresentations.Thesepredefinedcompo-
nentsprovide an interfaceto the differentmanagersof the
CODBMSlayer.

Figure 8 givesa more detailedview of the CODBMS
layer. The datatype managerimplementsthe conceptof
separatedsemanticand representationtypesas presented
in Section4 and Figure 7. Additionally, the datamodel
allows inheritanceof semantictypes,representationtypes,
andcomponents.Inheritanceof semantictypesandrepre-
sentationtypesworksasdescribedin Section4. Theinfor-
mationon registeredcomponents,configurations,semantic
types,representationtypesandhierarchiesis storedin the
repository.

This CODBMS layer representsa universal architec-
turewhich couldpotentiallybeusedin otherdomainsthan
graphicsas well. Domain-specificlayersare built as ex-
tensionsof this layer, i.e. by addingdomain-specificdata
typesanddomain-specificcomponents.Next we will illus-
tratehow agraphicsdomainlayercanbebuilt on topof the
CODBMSlayer.

6.2. The Graphics Domain Layer

Thegraphicsdomainlayer is built on top of thegeneral
CODBMSlayerby meansof integratingexisting graphics
software. After having madethe decisionwhich graphics

softwareshouldbeintegrated,thedatatypesandoperations
offeredhave to be identified. Carefullyanalyzingthedata
semanticshelpsspecifyingthesemanticdatatypesandthe
correspondingimplementationtypes. Thenoperationscan
beintegratedby meansof wrappercomponentsasit is dis-
cussedin Section5.

In order to verify our concept,we have built a small
graphicsdomainlayerwhich integratesthe following soft-
ware: thegraphicsframework BOOGA, thegraphicspack-
age ImageMagick, and the raytracingsoftware Rayshade.
The integrationof the BOOGA framework wasstraightfor-
ward. As BOOGA alreadysupportsthe componentcon-
cept,it wasonly necessaryto supplywrappercomponents
in orderto translatetheBOOGA componentinterfaceto the
GSCOPE componentinterface.Additional wrappershadto
be written in order to encapsulateinternal representation
typesof the BOOGA framework. Thesewrapperstogether
enableGSCOPE to transparentlyuseall of theBOOGA com-
ponents. Integrating commandline-basedsoftware was
even simpler. Unix commandsmay be regardedas com-
ponents.The input andoutputfiles correspondto the ser-
vice interface,and the commandline optionscorrespond
to theconfigurationinterface.A genericwrapperfor Unix
commandsprovidesaccessto Rayshadeandto the differ-
entcommandline applicationsofferedby theImageMagick
software package. Using this wrapper, integrationof the
functionalityofferedby Unix commandscanbeperformed
at run time,withoutneedto recompileor restartGSCOPE.

7. Application of Gscope

Now someof thepossibilitiesof GSCOPE will bedemon-
stratedby showing how thethreeapplicationsdiscussedin
Section3 canbeimplemented.

7.1. Application 1

Figure9 indicatesan implementationof Application1.
The input is a collection of 3D scenesgiven in different
forms of representation.Theoutputis a collectionof ren-
deredimages,all givenin theJPEGformat. Thefollowing
componentscanbeusedto build Application1:

X The ForEach componentiteratesthrougha collec-
tion of dataandsendseachdataelementto thesubse-
quentcommand.

X DBExport is a genericcomponentusedto check-out
datafrom thedatabase.

X Raytrace is a puresemanticcomponent.According
to theinputrepresentation,thiscomponentwill call the
correspondingimplementationof a raytracer.
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X ImageConvert is capableof converting the image
from mostimageformatsto theoutputformatasspec-
ified in theconfiguration.

X TheAppend componentappendsdatato an existing
collectionof data.

Thedesiredimageresolutionis setin theconfigurationsec-
tion of theRaytrace component.Largepartsof thecom-
mandsequencein Figure9 havebeendefinedon a purese-
manticlevel, i.e. theapplicationis not restrictedto specific
input representations.

7.2. Application 2

Content-basedretrieval is basedon featuresdescribing
thedataandnotonthedataitself. Therearetwo mainsteps
neededto implementcontent-basedretrieval methods. In
thefirst step,featureshave to beidentifiedin thedata,and
an index structurehasto be built. The secondstepis the
actualquerystep. A retriever getsa queryfeatureandhas
tofind thedatapossessingfeaturepropertiessimilarto those
of thequeryfeature.

We will now look at anexampleshowing 3D objectre-
trieval basedon2D shaperetrieval. Theideais to searchfor
a3D objectby comparingthecontoursof its projectionsor-
thogonalto theobjectcoordinateaxeswith aquerycontour
givenby the user. Figure10 illustratesthe featureextrac-
tion part. The applicationstartswith the so-calledextent
of 3D objects,i.e. a specificcollectionof all 3D objects.
GSCOPE storesan extent for eachdatatype. For each3D
object,shape-basedfeaturesareextractedandusedto build
anindex on 3D objects.Thefollowing componentsareim-
portantin thisapplication:

X SceneConvert convertsdifferent3D objectrepre-
sentationsto BOOGA3 representation3, normallywith-
outany substantialinformationloss.

X OrthoScenes readsan Object3Din BOOGA3 rep-
resentationand producesthree scenesof the object
whichareplacedin frontof awhitebackground.These
scenesrepresent‘orthogonalviews’ correspondingto
projectionsalongthe threeaxesof the objectcoordi-
natesystem.

X TheContour componentidentifiestheboundarypix-
els of a connectedregion which is given as a PPM
bitmap.

X TheSignOfCurv componentcalculatesthe sign of
curvature featureof a contour.

3BOOGA3 representationis therepresentationof a BSDL3 file loaded
in mainmemory.
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X SOCIndex generatesa featureindex entry of a sign
of curvature.

Figure 11 shows the retrieval part. The userdefinesa
queryshape,andtheapplicationreturnsthe ‘most similar’
3D objects.

X ContourEditor allows the user to draw a query
contour.

X SOCRetriever finds in the index, specifiedby a
configurationparameter, thedatahaving themostsim-
ilar signof curvature features.

X DisplayCollect displaysdatacollectionsto the
user. Normally this datawill be displayedasan icon
togetherwith a name.

Otherretrieval methodsbasedon differentfeaturetypes
canbe integratedinto GSCOPE by providing four compo-
nents,i.e. for featureextraction,featureindexing, feature
editingandfeatureretrieval.

7.3. Application 3

An implementationof Application 3 shall only be
sketched.As for the ‘f acerecognitionteam’, the database
will have to store a collection of faces,eachface asso-
ciatedwith a collection of scannedface-modelsshowing
different expressionsof the sameface. A semantictype
Face togetherwith an implementationtype FaceRep1
will beneeded.For thedatastoredby the ‘f acemodelling
team’,anadditionalimplementationtypeFaceRep2 will
be needed. As FaceRep1 andFaceRep2 most proba-
bly arefile-basedrepresentations,persistentstorageof these



representationscanbeachievedby genericmethodsoffered
by GSCOPE. Therehasto beimplementedat leastonecon-
vertercomponent,allowing to convert from FaceRep1 to
FaceRep2. Converting in the oppositedirection is not
necessaryif the featuresusedby the recognitionsoftware
can also be extractedfrom FaceRep2. The softwareof
the two researchgroupscan easily be integratedutilizing
genericwrappersof GSCOPE. Using GSCOPE, only little
effort mustbemadeto providea databasefor sucha coop-
eration. Both teamscontinueto usethe softwarethey are
familiarwith, but they haveadditionalpossibilitiesathand.

By showing how to implementthethreeapplicationswe
have demonstratedthat GSCOPE is capableof supporting
a wide rangeof applicationsin the computergraphicsdo-
main. The implementationof Application 1 indicatesthat
GSCOPE satisfiesRequirements1, 3, 4, 5, and6 for a uni-
versalDBMS. The implementationof Application 2 indi-
catesthat Requirement2 is satisfiedtoo. As theseresults
holdmuchmoregenerally, it maybeexpectedthatGSCOPE

fulfills all therequirementsstatedin Section3 for a univer-
salgraphicsDBMS.

8. Conclusions

Reuseof dataand functionality within and in particu-
lar amonggraphicssystemsis still restricted,mainly due
to thelargenumberof differentdatarepresentations.Even
thoughVRML andJPEGhave becomestandardrepresen-
tationsfor Internetapplications,a significanttendency to
universalrepresentationscannotbe detected. Specialized
graphicsapplicationswill probablyalwaysrelyontheirown
datarepresentations.Neverthelessthereis anincreasingde-
mandfor reuseof existing graphicsdataandfunctionality.
Consideringthis, we believe that the GSCOPE architecture
offersa promisingapproachto graphicsdatareuse,mainly
becauseit is designedto simultaneouslystoremultipledata
representationsof variousdatatypes.As thedatais stored
in its original form, initial informationlosscanbeavoided.
As thetypingmodelseparatessemanticsfrom implementa-
tion, it guaranteestypesafenessandat thesametime pro-
videshighdegreesof flexibility . In many casestheusercan
programonasemanticlevel,withouthaving to botherabout
concreteimplementations.A highdegreeof extensibility is
achievedby providing softwarecomponents.They allow to
seamlesslyintegratevariouskindsof graphicsfunctionality
which rangesfrom commandline applicationsto graphics
frameworks.Moreover, compositionof componentsallows
existing graphicsfunctionality to be reusedin a powerful
way. As indicatedin this paper, first experienceshave al-
readyshown that differentkinds of graphicssoftwarecan
easilybeintegratedby meansof wrappercomponents.The
GSCOPE systemis alsocapableof servingasa testbedfor
experimentingwith visual information retrieval methods.

Its conceptsarenot limited to the computergraphicsdo-
main.Howeverthearchitectureof GSCOPE still needsto be
testedin largerscaleenvironments.

Therearemany interestingdirectionsfor furtherresearch
e.g. the developmentof new visual retrieval methodsfor
variousgraphicsdata,thedevelopmentof visual program-
ming interfaces,andthe improvementof componentcom-
positionmethods.To furtherimprovethereuseandintegra-
tion possibilitiesof GSCOPE, a scripting languageshould
bedevelopedandincluded,andalsoadditionalsupportfor
the integrationof interactive componentshaving different
graphicaluser interfaces. We believe that a systemlike
GSCOPE will becomeincreasinglyadvantageousif it can
beeasilymadeavailableto a largenumberof users.There-
fore someof our currentresearchfocuseson makingparts
of theGSCOPE systemaccessibleover theInternetwithin a
webbrowser.
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