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This partof the coursewill introduceyou to scengraphsystemsdor rendering.Scene
graphscan help simplifying applicationdevelopmentand making optimal use of the
availablegraphicshardware.

It is assumedhatyou have somebasicknowledgeabout3D computergraphics.If the
words polygon, directionallight sourceand texture meannothingto you, you might
have problemsfollowing the course. The ideal entry level would be having written
someprogramsusingOpenGL,or having readthe “OpenGL ProgrammingGuide™[1]
or “ComputerGraphics”[3.

The rst sectiondescribeghe basicstructureof a scengraphandthe differenceto a
standardpenGLprogram.As therearea largenumberof sceneggraphsaround,Open
Sourceandcommercial section2 givesa shortoverview of the mostcommonlyused
ones. Theremainderof this chapterwill describegeneralconceptsapplyingto most
scenegraphsanduseOpenSGasa speci ¢ example. The next two sectionsdescribe
the generalnode structureand how the graphis traversed. The mostimportantleaf
node,the Geometryis describedn section5. The otherof specifyingthe displayed
geometrythe stateof transformatiorandmaterialsetc. is coveredin section6. Some
morescenegraphspeci ¢ 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-
threadingandwhatis donein scenegraphsto supportit. After it hasbeenusedasan
examplein all of this part, sec. 10 talks a little aboutOpenSGThe lastsectiontalks
aboutstrengthsandweaknessesf scenegraphsandin which situationsit might not
make senseo useone(hint: therearenottoo mary).

1 What is a SceneGraph?

Low-level graphicdibrarieslike OpenGLareimmediatenodebased For every frame
it is necessaryo retransmitall the datato the graphicshardware by the application



program.Themodelof thecommunications lik e “Take this polygonandthis andthis
andpleasaenderthem”.

Scenegraphsare retainedmode based. The datais passedo them onceand only
updatedf needed.The communicationsnodelis morelike “This is my dataandnow
pleaseaenderanimageandanotherandanother”.

Thedatathescenggraphmanagess structuredasagraph.Nodesarelinkedtogethetby

directedlinks andaroot nodeis usedto de ne to startof thescenedata.For rendering
thegraphis traversedstartingat the root. Scenegraphsareusuallyagyclic graphsij.e.

thereareno links from anodeto ary of its predecessotis thegraphonthewayto the
root. Thiswould creatdoopsandthusleadthetraversalinto anin nite loop.

Onedifferencebetweerscengyraphsandmathematicagiraphds thatscenegraphsare
heterogeneous.e. the nodeshave differenttypes. The main distinctionis between
interior and leaf nodes. Leaf nodescarry the displayablegeometry interior nodes
structurethe graphinto logical groups(see g. 1). Therearedifferentkinds of in-
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Figurel: Scenggraphstructure

terior nodes the mostbasicbeingthe simplegroup, but otherinterior nodetypesare
describedn sec.6 andsec.7, and,lessoften, differenttypesof leaf nodes.The most
importantleaf node however, is the geometry(seesectionb).



2 Which SceneGraphs arethere?

Scenegraphshave beenaroundfor a long time. The following list is by no means
completeput lists mostof the betterknown ones:

OpenSEhttp://mww.opensg.ay)[3]
Openlnventor(http://oss.sgi.com/projectsiiantor]5]
PLIB (http://plib.sf.net)

SGL (http://sgl.sf.net)
OpenRM(http://openrm.sf.net)
OpenSceneGraph(http://www.openscergraph.ag)

Performer(http://www.sgi.com/products/perfaren)[4]

All of themare basedon andwritten in C++, Inventorand Performeralsohave a C
interface. Searchindgor “scenegraph” on Sourceerge (www.sf.net)will list alot of
othersystemsbut mary of which arenot actively developedarny more.

Threeof theseg(PerformerOpenScengsraphandOpenSGhave VR Jugglemindings
andthusaregoodcandidategor a VR application. Note that Performeris not Open
Sourcebut acommerciaproduct.

3 NodeStructure

All nodesin ascenggraphhave somecommonattributes.

Oneis the boundingvolume. The boundingvolume of a nodeis a simple volume,
usually an axis-alignedbox or a sphere that encloseghe contentsof all the nodes
belon the currentone. It is usedby the scenegraphto checkthe nodefor visibility. If
the boundingvolumeof the nodeis outsidethe visible area,everythingbelow it cant
be visible anddoesnt have to be passedo OpenGLat all. For large sceneghis can
have a signi cant impacton renderingspeed.

Differentscenegraphshave slightly differentorganizationshere. OpenSGkeepsthe
list of childrenin every node,evenif it is not usedfor leaf nodes,asit uni es the
structuresandsimpli es traversals.It alsokeepsa pointerto the parentnode,seesec.
8 for detailson parentsandtheir signi cance.

OneOpenSGspecialtyis thatthe nodesaresplit in two parts,the Nodeitself andthe
Core.TheNodekeepsall thegenerainfo like the boundingvolumeandthe pointersto
theparentandto the childrenof thenode.The Coreis usedto distinguishthe different
typesof nodeqsee g. 2for anexamplegraph).

The simplestkind of Coreis the Group,which hasno furtherinformation, but is just
usedfor structuringthegraph.



Engine Wheels Body

Wheel Wheel Wheel Wheel
Transform Transform Transform Transform

A \ \ 4 \
Wheel Wheel Wheel Wheel
Geometry Geometry Geometry Geometry

( Node ] [TransformCore ] ——Child —»

( GroupCore ] [GeometryCore] /Parent\

Figure2: Node-Coresplitting

4 Traversals

The basicoperationon a scenegraphor a graphin generalis a traversalof the graph.
Startingat aroot nodethelinks betweemodesarefolloweduntil all nodesarevisited.
Most scenggraphtraversalsaredepth- rst, i.e. beforecontinuingwith a brotherof the
nodeall its childrenaretraversedsee g. 3).

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

4.1 Actions

TheclassegncapsulatingraversalsarecalledActionsin OpenSGlt is anactionobject
thatis calledwith theroot of the graphto traverse.Othersystemausenodemethods,
but the basicpremiseis alwaysto starta traversalat a root node. Dependingon the

kind of nodedifferentoperationsareexecutedanddifferentchildrenareselectedor or

excludedfrom traversal.
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Figure3: Depth- rst traversalorder

Differentkinds of traversalsare available in differentsystems. The mostimportant
beingthe Renderingraversal,but mostsystemalsohave anIntersectraversal.

4.1.1 RenderAction

The job of the RenderAction(alsocalled Draw in othersystems)s to turn the scene
graphsdatainto low-level graphicdibrary commandsndthusturningthe graphinto
animage.

Theinterestingpartof this aretheoptimizationghatthe scenggraphcando becaus®f
its higherlevel knowledgeaboutthe whole scene.lt cantestnodesor whole subtrees
for visibility, in the simplestcasejust for inclusionin the eld of view of the viewer,
but morecomple testsarepossible Eventhe simpletesthoweverwill alreadyremove
alarge partof thedatafrom consideratiorfor mostscenes.

The scenegraphcanalsooptimizeandminimize the changeghat needto be madeto
thelow-level library's stateto renderthe whole scene.This cansigni cantly improve
renderingperformancdor pipelinedsystems.

Therenderingis wheremuchof the effort of a scenegraphsystemis put, includinga
lot of experienceon how to make the mostef cient useof graphicshardwareandthus
reachinghigh renderingperformance.

4.1.2 Intersect Action

Another commonactionis the IntersectAction. It teststhe geometryof the graph
againstiray (sometimes setof rays)andthusallowsintersectiortestswith geometric
objectsin the scene.Thesecanbe usedfor picking andselectingobjectsor for simple
collision detectiontests,e.g.to keepa constantlistancefrom a groundgeometry

Again,thehigh-level dataembeddedh thescenegraphallows optimizationsby testing
larger partsof the scenebeforehaving to botherwith the geometricdetails. Thusthe



scengygraphcanbemoreef cient thanahand-madéest,notto talk aboutrelieving the
applicationwriter from to programit.

A scenegraphwill usuallynot be usefulto replacea ray-tracingrendererthough,as
thesetendto have a lot more specializedand thus more ef cient datastructuresfor
ray-tracing.

4.2 Simple Traversals

Applicationssometimeseedto traversethe scenggraphthemselesto implementspe-
ci ¢ functionality that the scenegraphdoesnt supplyitself, e.g. to nd geometric
objectsthatdo (or do not) satisfysomeconditions.

Of coursetheapplicationcanimplementafull traversalitself or derive from oneof the
basicactionsimplementedby the scenegraph. But mostof the applications traver
salswill berathersimpleanddon't needall theinfrastructureneededy the complec
traversals.

For thesecasesomesystemsincludingOpenSGfeaturea simpleway to justtraverse
the graphand passevery encounterechodeto a usersuppliedfunction or methodto

work onit anddecidewhetherto continueor abortthetraversal.ln OpenSQGhis func-

tion is calledtraverse() andis availablein somevariantsfor differentsituations.
Thedetailsgo beyondthescopeof thistext, seethe OpenSQGraversetutorialfor details
(seesec.10 onhow to getthetutorials).

5 Geometry

Themostimportantnodetypein asceneggraphis thegeometryasit holdsthegeometric
datathatis nally rendered.Relatingit to OpenGL,the geometrykeepseverything
thathappendetweerthe rst calltoglBegin()  andthelastcalltoglEnd() foran
object. Therearemary differentpotentialwaysof specifyingthatdata,asOpenGLis
very exible.

A commoninterfacestyle hasprovento be usefulandis usedwith little variationby
all currentscenggraphs t is basedn splitting thedatainto separatarraysandis very
closeto theOpenGLVertexArray  interface.

5.1 Vertex Properties

Eachvertex of a primitive in OpenGL can hase a numberof attributes. The most
important,of course,is the position of the vertex. The othercommononesare the
normal,whichis usedfor lighting calculationsthe color andthe texture coordinates.

Scenegraphsuseseparatearraysfor theseattributes. How thesearraysare managed
differs from scenegraphto scenegraph. In the simplestcasethe scenegraphitself



only storegpointersto thedataandthe applicationis responsibldéor managinghedata
itself. Anotheroptionis storingthe datain the geometrieshemseles,typically in the
form of STL vectorsor similar dynamicallysizedarrays.

The disadwantageof this approachis that the typesof the dataare x ed. OpenGL
is very exible in which kinds of datait canacceptand differentapplicationshave
differentneeds It would be possibleto createseparatéypesof geometryfor different
parametetypes,but the combination®f differentdimensionality(1 to 4) anddifferent
datatypes(unsigned/signedyyte/short/int/ oat/doublejor thedifferentattributetypes
wouldleadto hundredsof classedor completenessyhichis notpractical.

OpenSGsolvesthat problemby putting the attributesinto their own datastructures,
calledPropertiesThe GeometryCoreitself keepsonly referenceso theseProperties.
Thereare abstractbasePropertiesfor every type of attribute, and differently typed

concreteversions.This way the single GeometryCoretypescanacceptall variantsof

datatypes.

5.2 Primiti ves

Verticegshemselesarenotenougho de ne geometrythey needto beconnectedh the
right way. OpenGLhasa humberof differentwaysto connectvertices.Fromdrawing
them as simple points, lines or connectedine via triangles,quadsand polygonsto
connectedprimitiveslik e triangle strips and fans. Theseneedto be mappedby the
scengyraph,too.

This canbe donein differentways. Oneis to have differentgeometriedor different
primitive typesandonly allow oneprimitive type per geometry Somesystemsry to
lessertheimpactby splitting the Geometryinto a numberof micro-geometriesall of
which canhave their own primitive type.

A geometrymustkeepmorethanone primitive instancegvenif they areall the same
type. For sometypes(e.g. points, lines, triangles)a single vertex countis enough,
asthey alreadycontain multiple geometricprimitives de ned by a x ed numberof

vertices. Othertypes(e.g. polygons,strips, fans)needa separatdength per primi-

tive instance. This length/thesdengthsare usually also storedas an attribute of the
geometnyjustlik e thevertex attributes.

OpenSGllows mixing primitive typesby alsoaddingatypespropertykeepingalist of
primitive typesto use.Every entryin thetypespropertycorrespond$o anentryin the
lengthsproperty assigninga lengthto every primitive type instanceandthusde ning
it (see g. 4). This offersmaximum e xibility by allowing any numberof primitives,
homogeneouaswell asheterogeneous.



Figure4: GeometryStructure

5.3 Indexing
5.3.1 Singlelndex

In a closedsurface,verticesareoften usedmultiple times. In a simplegrid madeout
of quads,nearly every vertex will be usedby four primitives. Having to storethese
verticesfour timeswould signi cantly increaseéhe memoryneededy the systemand
thusis notacceptable.

Thusanindexing layeris insertedbetweerthe primitivesandthe vertices. Insteadof
usingthe verticesin the orderthey aregivenin the property indicesareusedin order
to indicatethe verticesto be used,which arenot duplicated.As anindex, which is 2
or 4 byte,usesalot lessdatathanavertex, whichtypically uses32 andupto 120byte,
this reduceghe memoryconsumptiorsigni cantly (seeg. 5).

Figure5: IndexedGeometryStructure

The indexing doesincur an additionaloverheadthough. Thusit shouldonly be used
whennecessarysomescenegraphamake thedistinctionin theform of differentgeom-
etrynodetypes.OpenSQustdetectdhepresencer absencef anindexProperty



5.3.2 Multi Index

Sofartheattributeswereall linkedtogetheri.e. if therewerecolorsand/ornormalsat
all, therewasa color andnormalfor eachvertex position. This canbe too muchand
notenoughatthe sametime.

If colorsareonly takenfrom alimited subsetpnly a coupleof differentcolorsmaybe
needed.Thushaving a separatesolor for every vertex caneatup alot morememory
thannecessaryOn the otherhanda singlevertex positioncanneeddifferentnormals.
Usually facesare smooth-shadedcrossthe faceto give the impressionof perpixel
lighting calculation,even if it's only doneon a pervertex basis. If a hard edgeis
desiredthesinglevertex hasto usedifferentnormals.

The simplestform of multi-indexing is a distinctionbetweenpervertex and perface
attributes.Perfaceattributesarenot connectedo thevertices but to thefacesinstead.

They areusuallynot indexed. They solve the normalsproblemgiven above in most
caseshut cant help with the inverseproblemgivenin the color example. A more
e xible solutionis having independenindicesfor every attribute.

OpenSQusesadifferentapproachinterlearedindices.Insteadof takinga singlevalue
from the index propertypervertex multiple valuescanbe used.An index mappingis
usedto de ne which index is usedfor which attribute. Every entryin the index map
is a bit eld thatcanindicateary combinationof attributes. This makesit possibleto
shareindicesfor differentattributes,or have a separaténdex for each(seeg. 6).

Figure6: Multi-IndexedGeometry

One problemwith multi-indexing is the performanceoverheadit causes.It cannot
bemappediirectlyto OpenGLsvertex arrays,t hasto berealizedusingexplicit calls,
which costsperformancegspeciallyonthe PCplatform. For staticmodelsthis costcan
be offsetinto aninitialization phaseby putting theminto a displaylist. For dynamic
modelsit hasto be payedevery time the modelis renderedso careis advisedwhen
temptedto usemulti-indexing.



5.4 Access

All thedifferentvariantsof geometrydatacanmake accessomplicated Especiallyfor
OpenSGwhich hasjust a singlenodetype that supportsall the variantsof primitives
anddatatypes.Therearetwo mechanismso simplify accessinghe geometrydata.

The propertieshave a genericinterfacethat hidesthe differentdatatypes. To do that
every type of propertyhasa genericdatatypethatall typesarecorvertedto andfrom

onaccesse.g.Pnt3f for positionsor Vec3f for normals.This corversioncanloose
somedata,e.g. convertingfrom 4D coordinateswill drop the fourth coordinate. It

alsoincursa performancepenalty asthe accesss via a virtual function, andthe data
might have to be copied/comerted.Thusif thetypesof thedataareknown andalarge
numberof elementseedgo be accessedt is recommendedb usethe type-speci ¢
accessnstead.

The secondnechanisnhelpsgettingaroundhaving to worry aboutthe differentprim-
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 directaccesgo the valuesof the primitive. They allow accesso the Geom-

etry asif it wascomposeaf speci ¢ datastructuredor theseparatgrimitivesinstead
of having all thedataseparateéh differentarrays.

The differencebetweenthe differentiteratortypeslies in whatthey consideran ele-
mentthatthey iterateover. The Primitivelterator just stepsthroughthe types
propertyandthusconsiderdor exampleatrianglestrip a singleiterationelement.The
Facelterator is more selectve andignoresall pointsandlines. It splits all the
remainingprimitivesinto 3 or 4 vertex polygonsfor iteration. The Trianglelter-

ator is similar, but only returnstriangles.

Theiteratorsmake walking arbitrarygeometryvery easy no matterwhich of themary
possiblevariantsof typesandindicesareused.

6 StateHandling

De ning geometryis onehalf of creatinga graphicalscenede ning the surface light-
ing andtransformatiorattributesis the otherhalf.

6.1 Transformations

Transformationsn this contet arelimited to the geometrictransformationghat are
usedto move objectsin the scenetransformationssfar ascameramanipulationsare
concernearecoveredin otherchapterf thesecoursenotes.
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Transformationareappliedto completeobjectsandcannotbeusedon partsof objects.
Transformationarealsousefullyappliedto wholesubtree®f thesceneggraph,to move
arounda compositeobjector multiple objectsandthusarethe prime examplefor state
inheritancen thegraph.

Transformationsrerealizedas a separatsodetype that carriesa matrix or the ele-
mentsneededo de ne thetransformatior{e.g.scale orientationandtranslation).The
transformatiorin uenceseverythingthat's below it in thetree,including othertrans-
formations. Transformation@ccumulatej.e. a new transformatiordoesnot replace
theonesontopof it, butis addedo them. Thisallows de ning transformation# local

coordinatesystemswhile still beingableto transformthewholesystemandthey allow

de ning hierarchicatransformatiorchains.Theprimeexamplesor useof hierarchical
transformationss a planetarysystemwith planetsandmoons.

In aplanetarysystemmoonsrotatearoundtheir planetswhile the planetsotatearound
thesun.Having to specifythe motionof themoonsin absolutecoordinatesvould bea

complicatedorocessSpecifyingthemin relationto their planet,while theplanet-moon
conglomeratenovesaroundthe sunis very simple.

6.2 Light Sources

Light sourcegoseinterestingproblemsin the context of a scenegraph. The position
of a light sourcenodein a scenegraphcande ne two things. Oneis the position
andorientationof the light source. This is usefulfor attachinglight sourcego other
objects,e.g. headlightsattachedo a car Due to the transformationinheritancethe
light sourcewould automaticallyfollow the movementsof the car The othermeaning
canbeto de ne what'sin uenced by thelight. Thiswould be consistentvith the state
inheritancej.e. everythingbelow thelight sourcein thegraphis lit by it.

Thesetwo meaning®f the positionof alight sourcein the graphcontradicteachother
and can not be solved with a single positionin the tree. If the position of a light
sourcen the graphwould have bothmeaningsat oncethe headlightscenariovould be
impossible asthe lights could only light what's belov themin the graph,i.e. partsof
the carbut nottheroad,whichis nottypical headlightoehaior. Nonetheles$nventor
useghis method.

Differentsystemauisedifferentsolutionsto solve this. Onesolutionis to de ne all light
sourcesasglobal,i.e. everythingis lit by every light source.In this casethe position
in the graphcan be usedfor positioningthe light only. This solutionis simple but
restrictsthe expressvenesof the system. Performerusesa workaroundby allowing
eachgeometryto explicitly de ne whichlight sourcests in uencedby.

OpenSGusesanothersolution. The positionof the light sourcein the graphde nes
thepartsof the scenethatarein uencedby it, in accordancevith the stateinheritance
principle. The positionand orientationof the light sourceare de ned by a different
nodein the graph,the so calledbeaconwhichis only referencedy thelight source.
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6.3 Materials

Materialsare usedto de ne the surface propertiesof the geometryandin OpenSG
indeedare an attribute of the Geometry nodes. The attributesof the materialsare
mostly direct mappingsrom the OpenGLmaterialstatesj.e. emissve, ambient dif-
fuseandspecularcolor andshininess.

Anotherinnocentiooking materialattributethatcannotdirectly bemappedo OpenGL
butinsteadorcessigni cant effort to becorrectlyimplementeds transpareng Trans-
parengy andOpenGLdon't matchwell. Transparentbjectsneedto berenderedvith

the correctblendingfunction after all otherobjectsarerenderedandthey needto be
renderedackto front. To befully correctactuallythey have berenderedackto front
onafaceby facebasisandfor intersectinggeometrytheintersectingaceswvould have
to besplitandsorted.

Full and perfectsupportfor transpareng is immenselyexpensve, especiallyfor dy-
namicgeometrythusno scenegraphsupportshat. Whatmostof themdo is support
for renderingransparentbjectdastandsortingthembackto front, on anobjectto ob-
jectbasis,i.e. theobjectswill berenderedackto front (usuallysortedby areference
point, e.g.thecenterof the boundingbox), but sortinginsideobjectsis notdone.

OpenSGusesthe SimpleMaterial and SimpleTexturedMaterial classes
for this. The SimpleTexturedMaterial also keepsan imageto be usedasa
texturefor thematerialtogethemith parameterso de ne thetexture ltering.

7 Other NodeTypes

Differentscenegraphsoffer differentadditionalfunctionalityin theform of othernode
types. Someof thesearepretty muchubiquitous,othersarespeci ¢ to a few systems.
Thefollowing aresometypical examples.

7.1 Switch

The Switchnodeis a simplebut usefulvariationon the Groupnode. It selectszeroor
oneof its childrenfor traversalinsteadof all of them.Thisis aneasyway to switchoff
subgraph®r cycle througha staticsetof models.

As avariantsomesystemsllow selectinga setof childrenusinga bitmask.

7.2 Level Of Detall

Level of Detail (or LOD for short)is a rathersimplebut ef cient way of optimizing
renderingfor large scenes.The basicideais thatobjectsthatarefar away don't have
to berenderedhsdetailedascloseobjects.
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To do thatthe scenegraphneedsto be ableto reducethe compleity of therendered
objects.Thebestandeasiestvay to dothatis for theapplicationto supplyanumberof
versionsof anobjectthathave differentcompleities. Eachof theseis alsoassigned
range usuallya distancefrom the viewer, for whichis shouldbe used.Therangesare
storedin theLOD node,with the differentversionsasthe childrenof the node.

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

7.3 Particles

Sometimes large numberof simpledynamicallymoving objectsis needed.Oneex-
ampleare viewer-alignedquadsthat can be usedfor rotationally symmetricobjects,
e.g.ballsin aball-and-stickmoleculemodel,or to simulatesmole, usingatransparent
texture. Anotherexamplewould be arrovsto shav the ow of a ow eld.

Creatinga Geometrynodefor eachof thethousandsf thesevery simpleobjectswould
incuralot of overheadTurningall of themto beviewer-alignedcanbeimpossiblefor
anapplication,if multiple differentviews on the sceneareactive, andthusshouldbe
left to thescenayraph.

OpenSGsupportghesesituationswith a speci ¢ Particles node,which takespo-
sitions, colorsandsizesasinput andturnstheminto differentkinds of geometryfor
everyframe.

8 Sharing

8.1 Node-Based

Thescengyraphneeddo have all thedatato renderthesceneln mary scenefhiowever
thereareobjectsthatarejust copiesof otherobjects.A simpleexamplearethewheels
of acar Four exactcopiesof the sameobject,justin differentpositions.For thescene
graphto usememoryefciently therehasto be away to sharethe datausedby these
objects.

Oneway to do that is allowing the addition of objectsto multiple parents. Using
transformationshe differentcopiescanbe positionedndependentlyvhile sharingthe
samedata.Thisis avery simplemethodthatis usedby mary scenegraphs.

It hasa coupleproblemsthough.Objectscannotbeidenti ed by a pointerany more.
As all the copiesarethe sameobject, a pointerdoesnt know which copy is meant.
Thuswhenwalking up the graph,e.g. to accumulateghe transformation®n the way
up to getthe global positionof the object,it's not possibleto know which way to go.
Anotherproblemis theinability to associaténstance-speci aatato the nodelike a
name.Again, the copiesareall the sameobject,thereis no distinction.

13



This is the mainreasorfor the Node/Coredivision that OpenSGemploys. Nodesare
unigue,they cannotbe sharedgvery Nodejust hasa singleparentpointer Corescan
be sharedthey have multiple userg(seeg. 7).

) Y
s T ¥ Y

Wheel Wheel Wheel Wheel
Transform Transform Transform Transform

\ 4 \ 4 \ 4 \ 4
Wheel Wheel Wheel Wheel
Geometry Geometry Geometry Geometry
{ Node ] [TransformCore ] ——Child —»

( GroupCore ] [GeometryCore] /Parent\

Figure7: SharedCores

As Nodesare pretty small, the memorypenaltyincurredby duplicatingthemis nota
problem.The mainamountof datacontainedn the Corescanbe shared Splitting the
Graphstructurefrom the nodecontentsalsoallows sharingcontrol. Sharinga Switch
Corefor exampleallows settingthe valueon the single Coreto affect any numberof
Nodesin thescene.The samegoesfor LODs, Transformation  sor arny otherkind
of Core.

8.2 Geometry
Thebulk of the sceneggraph’s datais containedn the geometry Sharingcompletege-

ometrieds possiblewith the node-basedharingdescribedabove. Thereare,however,
situationswhereit makessenseo only sharepartsof thegeometrye.g.whendrawing
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a wireframeon top of a shadedmodelor to highlight partsof an objectby drawing
themin adifferentcolor.

As the dataof the geometryis split into differentpropertiesarnyway; it is a small step
to sharingthe separatepropertiesseparately Most scenegraphsystemsallow thatin
oneway or anotheyeitherbecausé¢he datais managedy the applicationanyway, or,
like OpenSGhy splitting the dataoff into their own datastructures.

9 Multi-Thr eading

Multi-threadingis an aspecthatis growing in importance given the currenttrendin
processodesigngo goto simultaneousnulti-threading(SMT).

A numberof scenegraphsprovide simple multi-threadingsupport,which allows si-
multaneouseadingor renderingof the scenegraph. For mary applicationsthis is
quiteadequatehut for moredemandingpplicationghatuseasynchronousimulation
threadseedingconsistentataand/ormanipulatehe graphit is not enough.

OpenSGsupportghesekinds of applicationshy allowing eachstructureto have multi-
ple aspectsi.e. multiple copiesof itself. Thisis doneefciently by only copying the
bulk of thesceneggraphs data,the geometrydata,whenit is needed.

Differentaspectscan be ef ciently synchronizedunder applicationcontrol, making

themcontainthe samedataagain. To supportthis in a generaland easily extensible
way, OpenSGaddsre ectivity to thesystem.Re ectivity is theability of the systems

structurego give outinformationaboutthemseles,e.g.which elds they containand

how to accesghose elds. This ability is usedto automaticallyadd synchronization
capabilitieso eachstructureof the system.

It canalsobe usedto write a genericOpenSGloader/writerthat can automatically
handlenew structureandextensiondn thesystemwithouthaving to write any speci ¢
codefor it. An extensionof this systemalsoallows synchronizingscenegraphsacross
a clusterof machines.Again, no clusterspeci ¢ codeneedso be written, the datais
automaticallydistributedandsynchronized.

The differencebetweenthis kind of clusteringandthe kind of clusteringthe already
introducedsystemsclusterJuggleandnetJuggleties in the point on the pipelinethe
distribution is done. Both netJuggleaswell asclusterJuggledistribute the inputsto

all nodes. This approachminimizedthe amountof datato be sentover the network,

but the full applicationis runningon all nodesandneedsto procesgheinput. If that
input processingakesa lot of calculationor dependn large external datathis can
be a problem. OpenSGdistribution on the otherhanddistributesafterthe inputshave

beenprocessedut beforeOpenGLcommandaregenerated.

This sectioncanonly give anideaof what's donein OpenSGor multi-threading see
[3] for moreinformation.
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10 Getting to know OpenSG

OpenSGs oneexampleof the currentbreedof modernscenegraphs.lt is developed
anddistributedunderthe OpenSourceprincipleandis availableincludingsourcecode
from www.opensg.ay.

It is designedvith multi-threading(seesec.9 for details)andapplicationextensibility
in mind, i.e. changedo internaldatastructuresarepossiblewithout having to change
the library's sourcecode (and thus without having to reapplychangesvhenever the
library changes).

The developments supportedby a numberof companiesandresearchinstitutes(see
www.opensg.ay/forumfor details),guaranteeingustainedlevelopment.Furtherde-
velopmentis alsosponsoredy the GermanGovernmentby a researctprojectcalled
OpenSGPLUS (seewww.opensg.ay/OpenSGPLUSYvhich funds continuousdevel-
opmentof the core aswell asa lot of high-level functionality (NURBS rendering,
subdiision surfaces,Clustering,OcclusionCulling, Volume Rendering,High-Level
Shadingto namebut a few).

It is developedon Linux, Irix andWindows,with aMacOSX port prettymuchworking
andan HP portin theworks. It is hostedon SourceBrge (www.sf.net)andusesthe
Sourcelergeinfrastructureto build a developercommunity mainly basedon mailing
listsandIRC.

The 1.0 versionwasreleasedn October2001,the 1.1 developerversionwill bere-
leasedn April 2002. But anautomaticdailybuild systemmakessurethatthe current
CVSalwayscompilesonevery platformandallowsaccesso daily snapshot# needed.

Someautomateddocumentations createdfrom the sourcecode using the doxygen
tool, but moreusefulasanintroductionis the StarterGuide (www.opensg.ay/starter)
andthetutorial examples(availablein the tutorials/directoryin the sourceanddistri-

butions).

11 When doesit make sensdo usea scenegraph?

This partof the coursetalked aboutscenegraphsandwhatthey cando for a graphics
application.Of coursethey cannotsolwve all the problems,andthey arenot alwaysthe
bestsolutionto every problem.

Theirmainstrengthandtheirmainweaknesss thatthey arearetainedmodestructure.
Having accesso all thedatamakingupthesceneallowsthemto optimizetherendering
by only renderingvisible objectsandsortingthemby stateto make effective useof the
graphicshardware.

The weaknesss that the datastructureneedsto be consistentwith the applications
data. If thatdatais very dynamic,especiallyif the nodestructurechangedor every
frame, keepingthe scenegraphup-to-datecaneatup the pro t thatit brings. If only
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thecontentsof theobjectschanget' s notasbad,especiallyif the maximumsizeof the
dynamicareass known beforehandbut thereis still someoverheadnvolved.

Scengyraphsreally shinein complex scenescomplex in the senseahatthey consistof
a large ervironmentthat usesmary differentmaterials. For situationswherethereis
a smallnumberof objects,all usingthe samerenderingparametersandall visible all
thetime, asimpleapplicationobeying somebasicrules(only changestateif it is really
different,usevertex arrayswith native datatypes)canreachavery goodperformance.
Note however that even theseapplicationscan get a tasteof compleity quickly, as
soonasinteractiongetsinvolved anddifferentkinds of markers,informationdisplays
andhigherlevel renderingfeaturesareneededin which casea scenggraphbecomes
moreviablesolution.

Besidesheinghighly ef cient renderingenginesscenegraphsalsotendto accumulate
useful utility functionsfor handlingscenedata. The most prominentexamplesare

loadersfor modelsandimages. Writing loadersis a job that nobodylikesto do, so

beingableto usesomebodyelses work canalreadymalke usinga scenegraphworth

it. Similarreasoningappliesto theintersectiortest(seesec.4.1.2).

A specialcaseis the clusteringsupportgiven by OpenSG,asit simpli es bringing
anapplicationto a clustersigni cantly, somethingwvhich is becomingmoreandmore
importantandcanturninto alot of work quickly.

Whenfacedwith an alreadyfully developedapplicationthat displaysa single object
alwayscenterednthescreenswitchingto asceneggraphwill only make sensen very
few situations. However, whenstartinga new projectit cannever hurt to startusing
a scenegraph. If the applicationturnsout to be too simplefor a scenegraphgoing
backwon't beabig problem.But theamountof usefulfunctionalitythata scenegraph
provides, especiallyin it's domainof loading, processingand renderingscenescan
becomeaddictive pretty quickly. Try it, you mightenjoy it!
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