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This partof thecoursewill introduceyou to scenegraphsystemsfor rendering.Scene
graphscanhelp simplifying applicationdevelopmentandmakingoptimal useof the
availablegraphicshardware.

It is assumedthatyou havesomebasicknowledgeabout3D computergraphics.If the
wordspolygon,directionallight sourceandtexture meannothingto you, you might
have problemsfollowing the course. The ideal entry level would be having written
someprogramsusingOpenGL,or having readthe“OpenGLProgrammingGuide”[1]
or “ComputerGraphics”[2].

The �rst sectiondescribesthebasicstructureof a scenegraphandthedifferenceto a
standardOpenGLprogram.As therearea largenumberof scenegraphsaround,Open
Sourceandcommercial,section2 givesa shortoverview of themostcommonlyused
ones. The remainderof this chapterwill describegeneralconceptsapplyingto most
scenegraphsanduseOpenSGasa speci�c example. Thenext two sectionsdescribe
the generalnodestructureandhow the graphis traversed. The most importantleaf
node,the Geometry, is describedin section5. The otherof specifyingthe displayed
geometry, thestateof transformationandmaterialsetc. is coveredin section6. Some
morescenegraphspeci�c functionalityis hiddeninsideothernodetypes,asdescribed
in sec. 7. To minimize the memoryfootprint of a scenegraph,datacanbe shared
in differentways,sec. 8 givesdetails. Sec. 9 toucheson the importanceof multi-
threadingandwhat is donein scenegraphsto supportit. After it hasbeenusedasan
examplein all of this part,sec. 10 talksa little aboutOpenSG.The lastsectiontalks
aboutstrengthsandweaknessesof scenegraphsandin which situationsit might not
makesenseto useone(hint: therearenot toomany).

1 What is a SceneGraph?

Low-level graphicslibrarieslikeOpenGLareimmediatemodebased.For every frame
it is necessaryto retransmitall the datato the graphicshardwareby the application

1



program.Themodelof thecommunicationis like “Take thispolygonandthis andthis
andpleaserenderthem”.

Scenegraphsare retainedmodebased. The data is passedto them onceand only
updatedif needed.Thecommunicationsmodelis morelike “This is my dataandnow
pleaserenderanimageandanotherandanother”.

Thedatathescenegraphmanagesisstructuredasagraph.Nodesarelinkedtogetherby
directedlinks anda rootnodeis usedto de�ne to startof thescenedata.For rendering
thegraphis traversedstartingat theroot. Scenegraphsareusuallyacyclic graphs,i.e.
thereareno links from a nodeto any of its predecessorsin thegraphon theway to the
root. This wouldcreateloopsandthusleadthetraversalinto anin�nite loop.

Onedifferencebetweenscenegraphsandmathematicalgraphsis thatscenegraphsare
heterogeneous,i.e. the nodeshave different types. The main distinction is between
interior and leaf nodes. Leaf nodescarry the displayablegeometry, interior nodes
structurethe graphinto logical groups(see�g. 1). Therearedifferentkinds of in-

Interior Node

Root Node

Group Node

Figure1: Scenegraphstructure

terior nodes,themostbasicbeingthesimplegroup,but otherinterior nodetypesare
describedin sec.6 andsec.7, and,lessoften,differenttypesof leaf nodes.Themost
importantleafnode,however, is thegeometry(seesection5).
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2 Which SceneGraphs are there?

Scenegraphshave beenaroundfor a long time. The following list is by no means
complete,but listsmostof thebetterknown ones:

� OpenSG(http://www.opensg.org)[3]
� OpenInventor(http://oss.sgi.com/projects/inventor)[5]
� PLIB (http://plib.sf.net)
� SGL (http://sgl.sf.net)
� OpenRM(http://openrm.sf.net)
� OpenSceneGraph(http://www.openscenegraph.org)
� Performer(http://www.sgi.com/products/performer)[4]

All of themarebasedon andwritten in C++, InventorandPerformeralsohave a C
interface. Searchingfor “scenegraph”on SourceForge(www.sf.net)will list a lot of
othersystems,but many of whicharenotactively developedany more.

Threeof these(Performer, OpenSceneGraphandOpenSG)haveVR Jugglerbindings
andthusaregoodcandidatesfor a VR application.Note that Performeris not Open
Sourcebut a commercialproduct.

3 NodeStructure

All nodesin a scenegraphhavesomecommonattributes.

One is the boundingvolume. The boundingvolume of a nodeis a simple volume,
usually an axis-alignedbox or a sphere,that enclosesthe contentsof all the nodes
below thecurrentone.It is usedby thescenegraphto checkthenodefor visibility. If
theboundingvolumeof thenodeis outsidethevisible area,everythingbelow it can't
be visible anddoesn't have to be passedto OpenGLat all. For large scenesthis can
havea signi�cant impacton renderingspeed.

Differentscenegraphshave slightly differentorganizationshere. OpenSGkeepsthe
list of children in every node,even if it is not usedfor leaf nodes,as it uni�es the
structuresandsimpli�es traversals.It alsokeepsa pointerto theparentnode,seesec.
8 for detailsonparentsandtheir signi�cance.

OneOpenSGspecialtyis that thenodesaresplit in two parts,theNodeitself andthe
Core.TheNodekeepsall thegeneralinfo liketheboundingvolumeandthepointersto
theparentandto thechildrenof thenode.TheCoreis usedto distinguishthedifferent
typesof nodes(see�g. 2 for anexamplegraph).

Thesimplestkind of Coreis theGroup,which hasno further information,but is just
usedfor structuringthegraph.
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Figure2: Node-Coresplitting

4 Traversals

Thebasicoperationon a scenegraphor a graphin generalis a traversalof thegraph.
Startingat a root nodethelinks betweennodesarefolloweduntil all nodesarevisited.
Most scenegraphtraversalsaredepth-�rst, i.e. beforecontinuingwith a brotherof the
nodeall its childrenaretraversed(see�g. 3).

Sometraversalsareprede�nedby the scenegraphsystem,but it is alsopossiblefor
an applicationto traversethe scenegraph. Someutility functionscan signi�cantly
simplify that.

4.1 Actions

TheclassesencapsulatingtraversalsarecalledActionsin OpenSG.It is anactionobject
that is calledwith theroot of thegraphto traverse.Othersystemsusenodemethods,
but the basicpremiseis alwaysto starta traversalat a root node. Dependingon the
kind of nodedifferentoperationsareexecutedanddifferentchildrenareselectedfor or
excludedfrom traversal.
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Figure3: Depth-�rst traversalorder

Differentkinds of traversalsareavailable in differentsystems.The most important
beingtheRenderingtraversal,but mostsystemalsohaveanIntersecttraversal.

4.1.1 RenderAction

The job of theRenderAction(alsocalledDraw in othersystems)is to turn thescene
graph'sdatainto low-level graphicslibrary commandsandthusturningthegraphinto
animage.

Theinterestingpartof thisaretheoptimizationsthatthescenegraphcandobecauseof
its higher-level knowledgeaboutthewholescene.It cantestnodesor wholesubtrees
for visibility, in thesimplestcasejust for inclusionin the �eld of view of theviewer,
but morecomplex testsarepossible.Eventhesimpletesthoweverwill alreadyremove
a largepartof thedatafrom considerationfor mostscenes.

Thescenegraphcanalsooptimizeandminimizethechangesthatneedto bemadeto
thelow-level library's stateto renderthewholescene.This cansigni�cantly improve
renderingperformancefor pipelinedsystems.

Therenderingis wheremuchof theeffort of a scenegraphsystemis put, includinga
lot of experienceonhow to make themostef�cient useof graphicshardwareandthus
reachinghigh renderingperformance.

4.1.2 Intersect Action

Another commonaction is the IntersectAction. It teststhe geometryof the graph
againstaray(sometimesasetof rays)andthusallowsintersectiontestswith geometric
objectsin thescene.Thesecanbeusedfor pickingandselectingobjectsor for simple
collisiondetectiontests,e.g.to keepa constantdistancefrom a groundgeometry.

Again,thehigh-leveldataembeddedin thescenegraphallowsoptimizationsby testing
largerpartsof thescenebeforehaving to botherwith thegeometricdetails. Thusthe
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scenegraphcanbemoreef�cient thanahand-madetest,not to talk aboutrelieving the
applicationwriter from to programit.

A scenegraphwill usuallynot be usefulto replacea ray-tracingrenderer, though,as
thesetend to have a lot morespecializedandthusmoreef�cient datastructuresfor
ray-tracing.

4.2 SimpleTraversals

Applicationssometimesneedto traversethescenegraphthemselvesto implementspe-
ci�c functionality that the scenegraphdoesn't supply itself, e.g. to �nd geometric
objectsthatdo (or donot) satisfysomeconditions.

Of coursetheapplicationcanimplementa full traversalitself or derivefrom oneof the
basicactionsimplementedby the scenegraph. But mostof the application's traver-
salswill berathersimpleanddon't needall the infrastructureneededby thecomplex
traversals.

For thesecasessomesystems,includingOpenSG,featureasimpleway to just traverse
the graphandpassevery encounterednodeto a user-suppliedfunction or methodto
work on it anddecidewhetherto continueor abortthetraversal.In OpenSGthis func-
tion is calledtraverse() andis availablein somevariantsfor differentsituations.
Thedetailsgobeyondthescopeof thistext, seetheOpenSGtraversetutorial for details
(seesec.10onhow to getthetutorials).

5 Geometry

Themostimportantnodetypein ascenegraphis thegeometry,asit holdsthegeometric
datathat is �nally rendered.Relatingit to OpenGL,the geometrykeepseverything
thathappensbetweenthe�rst call to glBegin() andthelastcall to glEnd() for an
object.Therearemany differentpotentialwaysof specifyingthatdata,asOpenGLis
very �e xible.

A commoninterfacestylehasprovento be usefulandis usedwith little variationby
all currentscenegraphs.It is basedonsplittingthedatainto separatearraysandis very
closeto theOpenGLVertexArray interface.

5.1 Vertex Properties

Eachvertex of a primitive in OpenGLcan have a numberof attributes. The most
important,of course,is the positionof the vertex. The other commononesare the
normal,which is usedfor lighting calculations,thecolor andthetexturecoordinates.

Scenegraphsuseseparatearraysfor theseattributes. How thesearraysaremanaged
differs from scenegraphto scenegraph. In the simplestcasethe scenegraphitself
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only storespointersto thedataandtheapplicationis responsiblefor managingthedata
itself. Anotheroptionis storingthedatain thegeometriesthemselves,typically in the
form of STL vectorsor similar dynamicallysizedarrays.

The disadvantageof this approachis that the typesof the dataare �x ed. OpenGL
is very �e xible in which kinds of datait can acceptand differentapplicationshave
differentneeds.It would bepossibleto createseparatetypesof geometryfor different
parametertypes,but thecombinationsof differentdimensionality(1 to 4) anddifferent
datatypes(unsigned/signed,byte/short/int/�oat/double)for thedifferentattributetypes
would leadto hundredsof classesfor completeness,which is notpractical.

OpenSGsolvesthat problemby putting the attributesinto their own datastructures,
calledProperties.TheGeometryCoreitself keepsonly referencesto theseProperties.
Thereare abstractbasePropertiesfor every type of attribute, and differently typed
concreteversions.This way thesingleGeometryCoretypescanacceptall variantsof
datatypes.

5.2 Primiti ves

Verticesthemselvesarenotenoughto de�ne geometry, they needto beconnectedin the
right way. OpenGLhasa numberof differentwaysto connectvertices.Fromdrawing
themas simple points, lines or connectedline via triangles,quadsand polygonsto
connectedprimitives like trianglestripsand fans. Theseneedto be mappedby the
scenegraph,too.

This canbe donein differentways. Oneis to have differentgeometriesfor different
primitive typesandonly allow oneprimitive typepergeometry. Somesystemstry to
lessenthe impactby splitting theGeometryinto a numberof micro-geometries,all of
whichcanhave their own primitive type.

A geometrymustkeepmorethanoneprimitive instance,evenif they areall thesame
type. For sometypes(e.g. points, lines, triangles)a singlevertex count is enough,
as they alreadycontainmultiple geometricprimitivesde�ned by a �x ed numberof
vertices. Other types(e.g. polygons,strips, fans)needa separatelengthper primi-
tive instance.This length/theselengthsareusuallyalsostoredasan attribute of the
geometryjust like thevertex attributes.

OpenSGallowsmixing primitivetypesby alsoaddingatypespropertykeepingalist of
primitive typesto use.Everyentryin thetypespropertycorrespondsto anentryin the
lengthsproperty, assigninga lengthto every primitive typeinstanceandthusde�ning
it (see�g. 4). This offersmaximum�e xibility by allowing any numberof primitives,
homogeneousaswell asheterogeneous.
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Figure4: GeometryStructure

5.3 Indexing

5.3.1 SingleIndex

In a closedsurface,verticesareoftenusedmultiple times. In a simplegrid madeout
of quads,nearlyevery vertex will be usedby four primitives. Having to storethese
verticesfour timeswould signi�cantly increasethememoryneededby thesystemand
thusis notacceptable.

Thusan indexing layer is insertedbetweentheprimitivesandthevertices.Insteadof
usingtheverticesin theorderthey aregivenin theproperty, indicesareusedin order
to indicatetheverticesto beused,which arenot duplicated.As an index, which is 2
or 4 byte,usesa lot lessdatathanavertex, whichtypically uses32andupto 120byte,
this reducesthememoryconsumptionsigni�cantly (see�g. 5).

Figure5: IndexedGeometryStructure

The indexing doesincur anadditionaloverhead,though.Thusit shouldonly beused
whennecessary. Somescenegraphsmakethedistinctionin theform of differentgeom-
etrynodetypes.OpenSGjustdetectsthepresenceorabsenceof anIndexProperty .
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5.3.2 Multi Index

Sofar theattributeswereall linkedtogether, i.e. if therewerecolorsand/ornormalsat
all, therewasa color andnormalfor eachvertex position. This canbe too muchand
notenoughat thesametime.

If colorsareonly takenfrom a limited subset,only acoupleof differentcolorsmaybe
needed.Thushaving a separatecolor for every vertex caneatup a lot morememory
thannecessary. On theotherhanda singlevertex positioncanneeddifferentnormals.
Usually facesaresmooth-shadedacrossthe faceto give the impressionof per-pixel
lighting calculation,even if it' s only doneon a per-vertex basis. If a hard edgeis
desired,thesinglevertex hasto usedifferentnormals.

The simplestform of multi-indexing is a distinctionbetweenper-vertex andper-face
attributes.Per-faceattributesarenot connectedto thevertices,but to thefacesinstead.
They areusuallynot indexed. They solve the normalsproblemgiven above in most
cases,but can't help with the inverseproblemgiven in the color example. A more
�e xible solutionis having independentindicesfor everyattribute.

OpenSGusesadifferentapproach:interleavedindices.Insteadof takingasinglevalue
from the index propertypervertex multiple valuescanbeused.An index mappingis
usedto de�ne which index is usedfor which attribute. Every entry in the index map
is a bit�eld thatcanindicateany combinationof attributes. This makesit possibleto
shareindicesfor differentattributes,or havea separateindex for each(see�g. 6).

Figure6: Multi-IndexedGeometry

Oneproblemwith multi-indexing is the performanceoverheadit causes.It cannot
bemappeddirectly to OpenGL'svertex arrays,it hasto berealizedusingexplicit calls,
whichcostsperformance,especiallyonthePCplatform.For staticmodelsthiscostcan
beoffset into an initialization phaseby putting theminto a displaylist. For dynamic
modelsit hasto be payedevery time the modelis rendered,so careis advisedwhen
temptedto usemulti-indexing.
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5.4 Access

All thedifferentvariantsof geometrydatacanmakeaccesscomplicated.Especiallyfor
OpenSG,which hasjust a singlenodetypethatsupportsall thevariantsof primitives
anddatatypes.Therearetwo mechanismsto simplify accessingthegeometrydata.

Thepropertieshave a genericinterfacethathidesthedifferentdatatypes. To do that
every typeof propertyhasa genericdatatypethatall typesareconvertedto andfrom
onaccess,e.g.Pnt3f for positionsor Vec3f for normals.Thisconversioncanloose
somedata,e.g. converting from 4D coordinateswill drop the fourth coordinate. It
alsoincursa performancepenalty, astheaccessis via a virtual function,andthedata
mighthave to becopied/converted.Thusif thetypesof thedataareknown anda large
numberof elementsneedsto be accessed,it is recommendedto usethe type-speci�c
accessinstead.

Thesecondmechanismhelpsgettingaroundhaving to worry aboutthedifferentprim-
itive typesandindexing: theiterators.

OpenSGhasthreedifferentkinds of geometryiterators:primitive, faceandtriangle.
The Geometryhasbegin andend methodsto createiteratorssuitablefor iterating
throughitself, just like STL containers.They all take careof all index dereferencing
andallow directaccessto thevaluesof theprimitive. They allow accessto theGeom-
etryasif it wascomposedof speci�c datastructuresfor theseparateprimitivesinstead
of having all thedataseparatedin differentarrays.

The differencebetweenthe differentiterator typeslies in what they consideran ele-
mentthat they iterateover. ThePrimitiveIterator just stepsthroughthetypes
propertyandthusconsidersfor examplea trianglestripa singleiterationelement.The
FaceIterator is moreselective and ignoresall pointsand lines. It splits all the
remainingprimitivesinto 3 or 4 vertex polygonsfor iteration.TheTriangleIter-
ator is similar, but only returnstriangles.

Theiteratorsmakewalkingarbitrarygeometryveryeasy, nomatterwhichof themany
possiblevariantsof typesandindicesareused.

6 StateHandling

De�ning geometryis onehalf of creatingagraphicalscene,de�ning thesurface,light-
ing andtransformationattributesis theotherhalf.

6.1 Transformations

Transformationsin this context are limited to the geometrictransformationsthat are
usedto move objectsin thescene,transformationsasfar ascameramanipulationsare
concernedarecoveredin otherchaptersof thesecoursenotes.
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Transformationsareappliedto completeobjectsandcannotbeusedonpartsof objects.
Transformationsarealsousefullyappliedto wholesubtreesof thescenegraph,to move
aroundacompositeobjector multipleobjectsandthusaretheprimeexamplefor state
inheritancein thegraph.

Transformationsarerealizedasa separatenodetype that carriesa matrix or the ele-
mentsneededto de�ne thetransformation(e.g.scale,orientationandtranslation).The
transformationin�uenceseverythingthat's below it in the tree,includingothertrans-
formations. Transformationsaccumulate,i.e. a new transformationdoesnot replace
theonesontopof it, but is addedto them.Thisallowsde�ning transformationsin local
coordinatesystemswhile still beingableto transformthewholesystem,andthey allow
de�ning hierarchicaltransformationchains.Theprimeexamplesfor useof hierarchical
transformationsis aplanetarysystemwith planetsandmoons.

In aplanetarysystemmoonsrotatearoundtheirplanets,while theplanetsrotatearound
thesun.Having to specifythemotionof themoonsin absolutecoordinateswouldbea
complicatedprocess.Specifyingthemin relationto theirplanet,while theplanet-moon
conglomeratemovesaroundthesunis verysimple.

6.2 Light Sources

Light sourcesposeinterestingproblemsin thecontext of a scenegraph.Theposition
of a light sourcenodein a scenegraphcan de�ne two things. One is the position
andorientationof the light source.This is usefulfor attachinglight sourcesto other
objects,e.g. headlightsattachedto a car. Due to the transformationinheritancethe
light sourcewould automaticallyfollow themovementsof thecar. Theothermeaning
canbeto de�ne what's in�uencedby thelight. Thiswould beconsistentwith thestate
inheritance,i.e. everythingbelow thelight sourcein thegraphis lit by it.

Thesetwo meaningsof thepositionof a light sourcein thegraphcontradicteachother
and can not be solved with a single position in the tree. If the position of a light
sourcein thegraphwouldhavebothmeaningsatoncetheheadlightscenariowouldbe
impossible,asthe lights couldonly light what's below themin thegraph,i.e. partsof
thecarbut not theroad,which is not typical headlightbehavior. NonethelessInventor
usesthis method.

Differentsystemsusedifferentsolutionsto solvethis. Onesolutionis to de�ne all light
sourcesasglobal, i.e. everythingis lit by every light source.In this casetheposition
in the graphcanbe usedfor positioningthe light only. This solution is simplebut
restrictsthe expressivenessof thesystem.Performerusesa workaroundby allowing
eachgeometryto explicitly de�ne which light sourcesits in�uencedby.

OpenSGusesanothersolution. The positionof the light sourcein the graphde�nes
thepartsof thescenethatarein�uencedby it, in accordancewith thestateinheritance
principle. The positionandorientationof the light sourcearede�ned by a different
nodein thegraph,thesocalledbeacon,which is only referencedby thelight source.
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6.3 Materials

Materialsare usedto de�ne the surfacepropertiesof the geometryand in OpenSG
indeedarean attribute of the Geometry nodes. The attributesof the materialsare
mostlydirectmappingsfrom theOpenGLmaterialstates,i.e. emissive, ambient,dif-
fuseandspecularcolorandshininess.

Anotherinnocentlookingmaterialattributethatcannotdirectlybemappedto OpenGL
but insteadforcessigni�cant effort to becorrectlyimplementedis transparency. Trans-
parency andOpenGLdon't matchwell. Transparentobjectsneedto berenderedwith
thecorrectblendingfunctionafterall otherobjectsarerendered,andthey needto be
renderedbackto front. To befully correctactuallythey haveberenderedbackto front
onafaceby facebasis,andfor intersectinggeometrytheintersectingfaceswouldhave
to besplit andsorted.

Full andperfectsupportfor transparency is immenselyexpensive, especiallyfor dy-
namicgeometry, thusno scenegraphsupportsthat. Whatmostof themdo is support
for renderingtransparentobjectslastandsortingthembackto front, onanobjectto ob-
ject basis,i.e. theobjectswill berenderedbackto front (usuallysortedby a reference
point,e.g.thecenterof theboundingbox),but sortinginsideobjectsis notdone.

OpenSGusesthe SimpleMaterial and SimpleTexturedMaterial classes
for this. The SimpleTexturedMaterial also keepsan imageto be usedas a
texturefor thematerialtogetherwith parametersto de�ne thetexture�ltering.

7 Other NodeTypes

Differentscenegraphsoffer differentadditionalfunctionalityin theform of othernode
types.Someof theseareprettymuchubiquitous,othersarespeci�c to a few systems.
Thefollowing aresometypical examples.

7.1 Switch

TheSwitchnodeis a simplebut usefulvariationon theGroupnode.It selectszeroor
oneof its childrenfor traversalinsteadof all of them.This is aneasywayto switchoff
subgraphsor cycle througha staticsetof models.

As a variantsomesystemsallow selectinga setof childrenusinga bitmask.

7.2 Level Of Detail

Level of Detail (or LOD for short) is a rathersimplebut ef�cient way of optimizing
renderingfor largescenes.Thebasicideais thatobjectsthatarefar away don't have
to berenderedasdetailedascloseobjects.
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To do that thescenegraphneedsto be ableto reducethecomplexity of the rendered
objects.Thebestandeasiestwayto dothatis for theapplicationto supplyanumberof
versionsof anobjectthathave differentcomplexities. Eachof theseis alsoassigneda
range,usuallya distancefrom theviewer, for which is shouldbeused.Therangesare
storedin theLOD node,with thedifferentversionsasthechildrenof thenode.

The task of the LOD nodeis to selectthe correctchild, e.g. for the given viewer
distance.Generallyit will selectonly onechild, andtheonemostappropriatefor the
currentsituation,thusonly displayingasmuchcomplexity asnecessary.

7.3 Particles

Sometimesa largenumberof simpledynamicallymoving objectsis needed.Oneex-
ampleareviewer-alignedquadsthat canbe usedfor rotationallysymmetricobjects,
e.g.ballsin aball-and-stickmoleculemodel,or to simulatesmoke,usingatransparent
texture.Anotherexamplewouldbearrowsto show the�o w of a �o w �eld.

CreatingaGeometrynodefor eachof thethousandsof theseverysimpleobjectswould
incura lot of overhead.Turningall of themto beviewer-alignedcanbeimpossiblefor
anapplication,if multiple differentviews on thesceneareactive, andthusshouldbe
left to thescenegraph.

OpenSGsupportsthesesituationswith a speci�c Particles node,which takespo-
sitions,colorsandsizesasinput andturnstheminto differentkinds of geometryfor
every frame.

8 Sharing

8.1 Node-Based

Thescenegraphneedsto haveall thedatato renderthescene.In many sceneshowever
thereareobjectsthatarejustcopiesof otherobjects.A simpleexamplearethewheels
of acar. Four exactcopiesof thesameobject,just in differentpositions.For thescene
graphto usememoryef�ciently therehasto bea way to sharethedatausedby these
objects.

One way to do that is allowing the addition of objectsto multiple parents. Using
transformationsthedifferentcopiescanbepositionedindependentlywhile sharingthe
samedata.This is a verysimplemethodthatis usedby many scenegraphs.

It hasa coupleproblems,though.Objectscannot beidenti�ed by a pointerany more.
As all the copiesare the sameobject,a pointerdoesn't know which copy is meant.
Thuswhenwalking up thegraph,e.g. to accumulatethe transformationson theway
up to get theglobalpositionof theobject,it' s not possibleto know which way to go.
Anotherproblemis the inability to associateinstance-speci�cdatato the nodelike a
name.Again, thecopiesareall thesameobject,thereis nodistinction.
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This is themainreasonfor theNode/Coredivision thatOpenSGemploys. Nodesare
unique,they cannot beshared,every Nodejust hasa singleparentpointer. Corescan
beshared,they havemultiple users(see�g. 7).
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Figure7: SharedCores

As Nodesareprettysmall, thememorypenaltyincurredby duplicatingthemis not a
problem.Themainamountof datacontainedin theCorescanbeshared.Splitting the
Graphstructurefrom thenodecontentsalsoallowssharingcontrol.SharingaSwitch
Corefor exampleallows settingthevalueon thesingleCoreto affect any numberof
Nodesin thescene.Thesamegoesfor LODs,Transformation sor any otherkind
of Core.

8.2 Geometry

Thebulk of thescenegraph'sdatais containedin thegeometry. Sharingcompletege-
ometriesis possiblewith thenode-basedsharingdescribedabove. Thereare,however,
situationswhereit makessenseto only sharepartsof thegeometry, e.g.whendrawing
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a wireframeon top of a shadedmodelor to highlight partsof an objectby drawing
themin adifferentcolor.

As thedataof thegeometryis split into differentpropertiesanyway, it is a smallstep
to sharingtheseparatepropertiesseparately. Most scenegraphsystemsallow that in
oneway or another, eitherbecausethedatais managedby theapplicationanyway, or,
likeOpenSG,by splitting thedataoff into their own datastructures.

9 Multi-Thr eading

Multi-threadingis an aspectthat is growing in importance,given thecurrenttrendin
processordesignsto go to simultaneousmulti-threading(SMT).

A numberof scenegraphsprovide simplemulti-threadingsupport,which allows si-
multaneousreadingor renderingof the scenegraph. For many applicationsthis is
quiteadequate,but for moredemandingapplicationsthatuseasynchronoussimulation
threadsneedingconsistentdataand/ormanipulatethegraphit is notenough.

OpenSGsupportsthesekindsof applicationsby allowing eachstructureto havemulti-
ple aspects,i.e. multiple copiesof itself. This is doneef�ciently by only copying the
bulk of thescenegraph'sdata,thegeometrydata,whenit is needed.

Different aspectscan be ef�ciently synchronizedunderapplicationcontrol, making
themcontainthe samedataagain. To supportthis in a generalandeasilyextensible
way, OpenSGaddsre�ectivity to thesystem.Re�ectivity is theability of thesystem's
structuresto giveout informationaboutthemselves,e.g.which �elds they containand
how to accessthose�elds. This ability is usedto automaticallyaddsynchronization
capabilitiesto eachstructureof thesystem.

It can also be usedto write a genericOpenSGloader/writerthat can automatically
handlenew structuresandextensionsin thesystemwithouthaving to write any speci�c
codefor it. An extensionof thissystemalsoallowssynchronizingscenegraphsacross
a clusterof machines.Again, no cluster-speci�c codeneedsto bewritten, thedatais
automaticallydistributedandsynchronized.

The differencebetweenthis kind of clusteringandthe kind of clusteringthe already
introducedsystemsclusterJugglerandnetJugglerlies in the point on thepipelinethe
distribution is done. Both netJuggleraswell asclusterJugglerdistribute the inputsto
all nodes.This approachminimizedthe amountof datato be sentover the network,
but the full applicationis runningon all nodesandneedsto processthe input. If that
input processingtakesa lot of calculationor dependson large externaldatathis can
bea problem.OpenSGdistribution on theotherhanddistributesafter the inputshave
beenprocessedbut beforeOpenGLcommandsaregenerated.

This sectioncanonly give an ideaof what's donein OpenSGfor multi-threading,see
[3] for moreinformation.
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10 Getting to know OpenSG

OpenSGis oneexampleof thecurrentbreedof modernscenegraphs.It is developed
anddistributedundertheOpenSourceprincipleandis availableincludingsourcecode
from www.opensg.org.

It is designedwith multi-threading(seesec.9 for details)andapplicationextensibility
in mind, i.e. changesto internaldatastructuresarepossiblewithout having to change
the library's sourcecode(and thuswithout having to reapplychangeswhenever the
library changes).

Thedevelopmentis supportedby a numberof companiesandresearchinstitutes(see
www.opensg.org/forumfor details),guaranteeingsustaineddevelopment.Furtherde-
velopmentis alsosponsoredby theGermanGovernmentby a researchprojectcalled
OpenSGPLUS (seewww.opensg.org/OpenSGPLUS)which fundscontinuousdevel-
opmentof the core as well as a lot of high-level functionality (NURBS rendering,
subdivision surfaces,Clustering,OcclusionCulling, VolumeRendering,High-Level
Shadingto namebut a few).

It is developedonLinux, Irix andWindows,with aMacOSX portprettymuchworking
andan HP port in the works. It is hostedon SourceForge(www.sf.net)andusesthe
SourceForgeinfrastructureto build a developercommunity, mainly basedon mailing
listsandIRC.

The 1.0 versionwasreleasedin October2001, the 1.1 developerversionwill be re-
leasedin April 2002. But anautomaticdailybuild systemmakessurethat thecurrent
CVSalwayscompilesoneveryplatformandallowsaccessto daily snapshotsif needed.

Someautomateddocumentationis createdfrom the sourcecodeusing the doxygen
tool, but moreusefulasanintroductionis theStarterGuide(www.opensg.org/starter)
andthetutorial examples(availablein thetutorials/directoryin thesourceanddistri-
butions).

11 When doesit makesenseto usea scenegraph?

This partof thecoursetalkedaboutscenegraphsandwhat they cando for a graphics
application.Of coursethey cannotsolve all theproblems,andthey arenot alwaysthe
bestsolutionto everyproblem.

Theirmainstrengthandtheirmainweaknessis thatthey arearetainedmodestructure.
Havingaccessto all thedatamakingupthesceneallowsthemto optimizetherendering
by only renderingvisibleobjectsandsortingthemby stateto makeeffectiveuseof the
graphicshardware.

The weaknessis that the datastructureneedsto be consistentwith the application's
data. If that datais very dynamic,especiallyif the nodestructurechangesfor every
frame,keepingthescenegraphup-to-datecaneatup thepro�t that it brings. If only
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thecontentsof theobjectschangeit' snotasbad,especiallyif themaximumsizeof the
dynamicareasis known beforehand,but thereis still someoverheadinvolved.

Scenegraphsreally shinein complex scenes,complex in thesensethatthey consistof
a largeenvironmentthat usesmany differentmaterials.For situationswherethereis
a smallnumberof objects,all usingthesamerenderingparameters,andall visible all
thetime,asimpleapplicationobeying somebasicrules(only changestateif it is really
different,usevertex arrayswith nativedatatypes)canreacha verygoodperformance.
Note however that even theseapplicationscanget a tasteof complexity quickly, as
soonasinteractiongetsinvolvedanddifferentkindsof markers,informationdisplays
andhigherlevel renderingfeaturesareneeded,in whichcaseascenegraphbecomesa
moreviablesolution.

Besidesbeinghighly ef�cient renderingengines,scenegraphsalsotendto accumulate
useful utility functionsfor handlingscenedata. The most prominentexamplesare
loadersfor modelsandimages. Writing loadersis a job that nobodylikes to do, so
beingableto usesomebodyelse's work canalreadymake usinga scenegraphworth
it. Similar reasoningappliesto theintersectiontest(seesec.4.1.2).

A specialcaseis the clusteringsupportgiven by OpenSG,as it simpli�es bringing
anapplicationto a clustersigni�cantly, somethingwhich is becomingmoreandmore
importantandcanturn into a lot of work quickly.

Whenfacedwith an alreadyfully developedapplicationthat displaysa singleobject
alwayscenteredonthescreen,switchingto ascenegraphwill only makesensein very
few situations.However, whenstartinga new project it cannever hurt to startusing
a scenegraph. If the applicationturnsout to be too simplefor a scenegraphgoing
backwon't beabig problem.But theamountof usefulfunctionalitythatascenegraph
provides,especiallyin it' s domainof loading,processingandrenderingscenes,can
becomeaddictiveprettyquickly. Try it, you mightenjoy it!
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