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Abstract

In this papermethodsfor efficient scenestoragein the
RenderMancontext usingconceptslike instancing(refer-
encing),proceduralobjects,andtool objectsarediscussed.
We introducetheconceptsfor efficientstoragein general,
give a systemoverview of a modellingenvironmentus-
ing RenderMan,show how theseconceptsmaybeusedin
theRenderMancontext anddiscussadvantages,disadvan-
tages,andpossibleextensions.
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1 Intr oduction

The storagecomplexity of a sceneis an important as-
pect of renderingbecausefile operationsand swapping
due to high memoryconsumptioncan becomeextreme
time and resourceconsumingprocesses.To reducethe
amountof memory (on disk as well as in RAM) used
for thestorageof complex scenesdifferentconceptsmay
be used. Theseare for example multiresolution tech-
niques,instancing(referencing),proceduralobjects,and
tool objects. However, multiresolutiontechniquesas in-
troducedby Hoppeet al. [10, 11] are not scopeof this
paper. Commerciallyavailablemodellingand rendering
packages(like Maya [6] or 3D Studio Max [5]) usethe
conceptsinstancing,proceduralobjects,andtool objects
internally. The RenderManInterfaceis a standardinter-
facebetweenmodelingprogramsandrenderingprograms.
In thispaperwediscussthefollowing questions:
� How cantheconceptsfor compactstoragebeusedin

theRenderMancontext?

� Are thereany specialrequirementsthat have to be
metin orderto usetheseconcepts?

� Whatarethebenefitsandwhatthedrawbacks?

� How canthesemethodsbeimprovedfurther?

To answerthesequestions,wefirst describeinstancing,
proceduralobjects,andtool objectsin general.Wegivean

�
FachbereichInformatik, Universiẗat Rostock,A. EinsteinStr. 21,
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overview of a modellingsystemin the RenderManenvi-
ronment,thenshow how theconceptsfor compactstorage
canberealizedandhow muchmemorycanbesavedin the
next sectionsusingexamplescenes.

2 Concepts for Compact Stora ge
of 3D Scenes

In thissectionweintroducetheconceptsfor compactstor-
agein general.

2.1 Instancing/Ref erencing

For sceneswith many similarobjectsit is desirableto save
just thepropertiesthataredifferentbetweenthoseobjects
andnot to save e.g. the full geometricrepresentationfor
eachobject. Instancingis an approvedmethodto realize
this desiredbehaviour, but neverthelessit is not usedin
general.A yet unsolvedproblemis theautomaticconver-
sion of scenesmodeledwithout the instancingparadigm
to scenesthatuseinstancing.However, thisproblemis not
addressedin thispaper.

Accordingto Foley et al. [1] thefirst useof instancing
in computergraphicsdatesbackto SutherlandsSketchpad
systemthathasbeenintroduced1963.Sutherlanddefined
the termsMasterasanobjectwhich holdsfull geometric
informationand Instanceasa transformedvariantof the
Masterobject.

Therearetwo majorwaysto modelwith instances:

� Modellingwith instancesof primitives:
In this case,the Masterobject is not elementof the
sceneitself, and it’s specificgeometricrepresenta-
tion cannotbe changed. Roth [8] points out, that
this instancingparadigmcontainsanotherdistinc-
tion. Namelytheglobalcoordinatesystem,wherethe
sceneis assembledversusthelocalcoordinatesystem
wheretheprimitive is definedin.

� Modellingwith instancesof arbitraryobjects:
In contrastto the first method,the Masterobject is
herean object that is alreadyelementof the scene.
TheMasterobjectmaybechangedby theuser, thus
changingall instancestoo.



Instanceobjectscanbeusedto save storageor to ease
operationsonobjectsthatwouldnormallyhavebeendone
on many objectsseparately. The amountof saved mem-
ory canbeveryhigh,but thisdependshighly onthescene.
If thereareno objectsthatsharecertainpropertiesin the
sceneonecanhardly useinstancing. Propertiescan, for
instance,begeometricinformation,texturesor otherma-
terial descriptions.

2.2 Procedural Objects

Insteadof describingcomplex objectsusing e.g. many
polygonsit is desirableto save a small setof parameters
for an algorithm(a pieceof code),which is able to cre-
ate e.g. the polygonalrepresentationof the object when
needed.Of course,this is feasibleonly if suchan algo-
rithm existsfor thegivenobjectandthesetof parameters
is smallerthantheactualgeometricrepresentation.

Proceduralobjectsareobjects,whosegeometricrepre-
sentationswill becreatedon thefly wheneverneeded,us-
ing code(aprocedure)anda setof parameters.

The codemay be compiledmachinecode(e.g. C) or
interpretedcode(for instancea Tcl script). Both meth-
odshave specificadvantagesanddisadvantagesregarding
speedandsafetyof execution. Machinecodeis fastbut
may crashthe hostprogram. Moreover, it is difficult to
implementin a platformindependentway, becauseof the
differentconceptsof dynamicloadingthatexist in current
operatingsystems.Scriptedcodeis safeto executeand
platformindependent,but slower thanmachinecode.

Themainadvantageof usingproceduralobjectsis that
the set of parametersis often many times smaller than
the full geometricrepresentationof the describedobject
so that a commonlyusedterm for the generationof geo-
metric informationfrom the setof parametersis actually
data amplification(see[3] p. 201). More benefitsof us-
ing proceduralobjectsarethat thegeometricinformation
maybecreatedjustwhenit is reallyneeded(thispresumes
that a boundingbox is known for a givenproceduralob-
ject). Furthermore,theaccuracy of thecreatedgeometric
representationmaybeadaptedto agivencontext. Theres-
olution of thecreatedgeometryis just asgoodasit needs
to be. A goodexampleof this approachis givenby We-
beret al. [9]. Here,theauthorscreateproceduralmodels
of treesthataremoredetailedwhennearerto thecamera.
Anotherwell known examplefor a proceduralobjectare
fractal landscapes.However, we will show, thatprocedu-
ral objects(with certainextensionsapplied)canbeusedto
modelotherclassesof objectstoo.

2.3 Tool Objects

Tool objectsrefinethe conceptof proceduralobjects. In
most currentmodellingsystemsthereis a sharpdistinc-
tion betweenthe objectsin the sceneandso calledtools
thatmodify objects.But certainoperationsonobjectsmay
bethoughtof asanobjectin thescenetoo. Thesearetool

objects. An examplefor this is e.g.a tool that createsa
surfaceof revolution from a curve. In a modellingsystem
without tool objectsthe tool createsurfaceof revolution
would be appliedto a curve objectof the scenecreating
a surface(a patch)from that curve andpossiblydeleting
thecurve object. In a systemwith tool objectsa tool ob-
ject surfaceof revolutionwould becreatedandthecurve
objectwould be connectedto that objectso that the tool
objectcancreatethepatchfrom thecurve.Theconnection
cane.g.beestablishedusingthehierarchyconceptknown
from CSGmodellingsystems.In our example,thecurve
wouldbeachild objectof thetool object.

To summarize,a tool objectmay be definedasa pro-
ceduralobjectthat takesotherobjectsin thesceneaspa-
rameterfor its procedurewhich in turn carriesout certain
modificationson theparameterobjectsor createsnew ob-
jectsfrom them. Tool objectsaree.g.usedin Maya [6].
A first similar approachcan be found in the GENMOD
modellingsystemby Snyder[2].

Advantagesof tool objectsareacompactscenedescrip-
tion andeasiermodelling.Theexamplegivenhereshows
that a classof tool objectsaresweepingobjectsbut tool
objectsaremoregeneralbecausetheparameterobjectsare
not limited to curvesandtheoperationis not limited to a
sweep.

2.4 Current Usage of the Concepts for
Compact Stora ge

The conceptsfor compactstorageof threedimensional
scenesarenot new andwidely usedin the internalstor-
agefacilitiesof thecommerciallyavailablemodellingen-
vironmentslike Maya [6] or 3D StudioMax [5]. How-
ever, whenusingthe RenderManinterfacesomeof these
conceptsareoftenignored;e.g.simpleNURB patchesare
usedinsteadof tool objects.

The sameproblemoccurswhenconvertingscenedata
from one modellingenvironmentto another, becauseof
the lack of supportfor theseconceptsin the intermediate
file formats.We show how theseconceptsmaybeapplied
in the RenderMancontext anddiscussthe problemsthat
led to thecurrentsituation.

3 Efficient Scene Stora ge in the
RenderMan Context

In this sectionwe show how a modelingenvironmentis
embeddedin aRenderMansystemanddiscusstheapplica-
tion of theconceptsfor compactstoragein theRenderMan
context.
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Figure1: SystemOverview

3.1 Modelling in the RenderMan Envi-
ronment

RenderManis a specificationof an interfacebetweena
modelling systemand a renderer. The viewpoint of the
specificationis renderercentric, modelling itself is not
sufficiently considered.Figure1 shows a simplified sys-
tem overview for the link of a modellingenvironmentto
a RenderMancompliantrenderer. Usually, themodelling
systemitself hasits own scenestorageon disk. To actu-
ally rendera scenetheRenderManInterfaceis used.This
is doneusinga so calledclient-library that writes a RIB
file (RenderManInterfaceBytestream) to disk (this route
is labeled”a” in Figure1). The rendererthenreadsthis
byte-streamandproducesan imagefile. Thebyte-stream
is not meantto be readby modelling environmentsbut
only by renderers. It is also possibleto sendthe byte-
streamdirectly to a rendererusing the Unix pipe mech-
anismwithoutcreatingaRIB file (this routeis labeled”b”
in Figure1). Thisapproachhasseveraldisadvantages(re-
gardingcontrolandflexibility) andis not usedmuch.The
byte-streammaybeeitherpureASCII or binarydata.

3.2 Instancing and Procedural Objects
in the RenderMan Conte xt

TheRenderManInterfaceoffersfunctionalityfor instanc-
ing and proceduralobjects. There are two different
approachesfor instancing. The first method usesthe
RiObjectInstance() mechanismthat is part of the
original RenderManInterfacespecification1 (see[3] pp.
133). This approachis limited to instancesof the basic
geometricprimitivesdefinedin the RenderManInterface
specificationonly, andis thereforedeprecated.The sec-
ond approach,which usesRiReadArchive() is more
flexible. It workslike anincludemechanismknown from
e.g.C preprocessors.Consequently, thesceneis no more
a singlefile, but consistsof a mainfile that includesother
files. This canbea drawbackbecauseit is moredifficult
to handlethe scenenow (becausethe referenceshave to
beresolved).Furthermore,if thefiles aresmallerthanthe
block-sizeusedin thefile system,they mayeasilyrequire
morespace.

1thecurrentversionof thespecificationis 3.1from 1989

On theotherhand,the cachesin thefile systemcannow
bebetterutilized to improveparsingspeed(whenreading
thesceneinto therenderer).

Theamountof memorythatmaybesavedby usingin-
stancesinsteadof realobjectsdependshighlyonthescene.
A classicapplicationof instancingis anarchitecturalscene
with many similarelementsasshown in Figure2. Thefile
sizefor apartialsceneof Figure2 (seeFigure3) is 140882
byte (without instancing)and55404byte in 8 files with
theuseof instancing(thecompressionfactoris 2.5).Note,
thatwecancreatetheupperleft wall for theoriginalscene
(Figure2) by creatingjust anothersingleinstanceobject
from thewall.

Figure2: InstancingExample

Figure3: InstancingExample,uppermiddlewall

Proceduralobjectsin the RenderMancontext may be
definedusingRiProcedural() (see[3] pp. 201). Ar-
gumentsto thiscall into theRenderManInterfaceare

1. a blockof data

2. a boundingbox

3. apointertoasocalledrefinementprocedure,thatcre-
atesthegeometricrepresentationfromtheparameters
(theblockof data)



4. a pointerto a freeprocedure,thatdisposestheobject

In order to make the procedural object dynami-
cally loadable sharedcode 2 an additional procedure
(ConvertParameters() ) is needed.Theconvert pa-
rametersprocedureconverts the parametersgiven in the
RenderManInterfaceBytestreamin ASCII representation
to a form usableby the refinementprocedure.Thesetof
parametersmaycontainarbitraryinformation.We show a

Figure4: Collection

new examplefor a proceduralobject,thatcreatese.g.sea
shell shapes.This objectwasusedto createthe shellsin
Figure 4. The size of the parametersfor the procedural
seashell objectis 12K, whereasthe full geometricinfor-
mationin form of NURB patchesis 330K(whichyieldsa
compressionfactorof 27.5). But the new proceduralob-
ject is not limited to seashells,in Figure3 and2 it is used
to modelthecapitalsof thecolumnsandthecapstones.

3.3 Tool Objects in the RenderMan Con-
text

In contrastto instancingandproceduralobjects,theRen-
derManInterfaceoffersnodirectfunctionalityfor tool ob-
jects,but themechanismfor proceduralprimitivescanbe
usedto realizethese.As mentionedbefore,theparameters
of a normalproceduralobjectmaycontainarbitraryinfor-
mation. Theparametersmaye.g.containa completeob-
ject descriptionasit is neededfor a tool object.However,
theparametersmaynotestablishrelationshipsto arbitrary
objectsin the sceneandthe procedureof the tool object
hasno accessto the internal scenedatabaseof the ren-
derer. Consequently, thoseparameterobjectswould have
to appeartwice in theRIB. Whenusingparameterobjects
like curvesthatarelinkedto thetool objectswith a CSG-
like hierarchytheexisting functionalityin theRenderMan
interfaceis sufficient.

For example,we usedthe codefor thegenerationof a
surfaceof revolutionfrom ourmodellingenvironmentThe

2asocalleddynamicsharedobject,shortDSO

Mops [13] and implementeda tool object, that createsa
surfaceof revolution(aNURB patch)from aNURB curve
thatis givenasparameter.

Thus,tool objectsmaybecreatedusingtheRenderMan
Interface,but how muchmemorycanbe saved? We an-
swer this questionby comparingthe sizesof the control
andknot vectorsof theparameterobjectsfor varioustool
objectswith theirNURB patchcounterparts.
Surface of Revolution:

NURB patch
�
9 � n � 4��� �

9 � 3��� �
n � o�

tool object
�
n � 3��� �

n � o�

Table1: Surfaceof Revolution from acurvewith n points

Thesurfaceof revolutiontool object(Table1) needsasin-
gle 2D curve asargumentthat will be rotatedaroundan
axis in spacethus forming a surface. The axis may be
constrainedto oneof the world axes,so that it doesnot
needto be saved. The sizeof the resultingNURB patch
for a complete360� revolution is 9 � n (where9 is de-
rived from the standardNURB circle asdescribedin [4]
andn is the numberof points in the curve). The mem-
ory neededfor the control verticessumsup to 9 � n � 4
numbers,becausethe patchis alwaysrational. But there
is morememoryneeded,becauseof the two onedimen-
sional knot vectors. Thosearesized9 � 3 and n � o (3
is the orderof the standardNURB circle ando is theor-
derof thegeneratingcurve). Alltogether, thepatchneeds�
9 � n � 4�	� �

9 � 3�
� �
n � o� numbers.Theparameterob-

ject for thetool object(asimpleNURB curve)canbealot
smaller, namely

�
n � 3��� �

n � o� . For thesimpleexample
of a revolvedcurve with n � 4 ando � 4 thepatchneeds�
9 � 4 � 4��� �

9 � 3��� �
4 � 4�
� 164but thetool objectjust�

4 � 3�	� �
4 � 4��� 20numbers.TheNURB patchrequires

8.4timesthespaceof thetool object.
Extrusion:

NURB patch 2 � n � 4 � 4 � �
n � o�

tool object n � 3 � �
n � o�

Table2: Extrusionfrom acurvewith n points

An extrusionis a surfacethatresultsfrom moving a curve
alongalinearpath(Table2). Similarto thesurfaceof revo-
lution weconstrainthecurveto extrudeto 2D andthepath



to aworld axis.Theheightof theextrusionis fixedto 1.0,
anadditionallineartransformationis requiredto changeit.
Thememoryneededfor thecorrespondingNURB patchis
2 � n � 4 � 4 � �

n � o� andthememoryfor theextrudetool
objectis n � 3 � �

n � o� , which leadsto a factorof 2.2.
General Sweep:

NURB patch
�
nc � ns � 4��� �

nc � oc ����
ns � os�

tool object
���

nc � nt ��� 4��� �
nc � oc ����

nt � ot �

Table3: GeneralSweepfrom a crosssectionwith nc and
trajectorywith nt points

A generalsweepis a surfacethat resultsfrom moving a
curve(acrosssection)alongasecondcurve(a trajectory),
possiblyarrangingall crosssectionsto be perpendicular
to the trajectory(Table3). Let nc be thenumberof con-
trol verticesof thecrosssection,nt bethenumberof con-
trol verticesof the trajectory, andns the numberof sec-
tions usedfor the sweepand os the desiredorder. The
numberof controlverticesusedto save thetwo curvesfor
the sweeptool object is nc � nt andthe numberof knots�
nc � oc ���

�
nt � ot � . The numberof control verticesof

thecorrespondingNURB patchis nc � ns andthenumber
of knots

�
nc � oc ���

�
ns � os � . Moreover, all points are

threedimensionaland rational. The compressionfactor
dependsonns andthedesiredorderin thedirectionof the
trajectory. Theparameterns maye.g.bederivedfrom the
numberof controlverticesandtheknot vectorof the tra-
jectoryor setto any number � 2. If ns maybesetfreely
by the user, the tool objectmay be even bigger thanthe
correspondingpatch.
Skin:

NURB patch n.a.
tool object n.a.

Table4: Skin

A skin is a surfacethat is controlledby a certainnumber
of crosssectioncurvesthatmayhave differentcharacter-
istics (Table4). Sinceall sectioncurvesaresaved with

control verticesandknot sequencesthe resultingskinned
patchis generallysmallerthanthe tool object. Neverthe-
less,undercertaincircumstancessomememorymay be
savedwith skinstoo. This happense.g.if the numberof
control verticesor knot vectorsdiffer betweenthe cross
sectioncurves. A skin of two curveswith both 4 control
verticesbut onewith an orderof 2, resultsin a skinned
patchof 10 � 2 controlvertices(see[4]). Thecompression
factorfor thisexampleis 2 � 2.

Table5 givesanoverview aboutthecompressionfactors
achievedby thetool objectsdiscussedsofar.

Revolve Extrude Sweep Skin

compression
factor 8.4 2.2 n.a. n.a.

Table5: tool objectswithoutextensions

The examplesshow considerablecompressionfactors.
However, thosefactorsaretheoreticalonesandcannotbe
achievedin practicebecauseof multipleoverheadsthatre-
sult e.g.from thesizeof thecodeof the tool object. This
codehasto bestoredandloadedwith thescene.Thecode
doesnot have to be written eachtime a scenegetswrit-
tenby themodellingenvironment,but it hasto beloaded
into therenderereachtime thesceneis rendered.Thesize
of thecompiledcodeis platformdependant(on theMIPS
platformthesizeof thecodefor thesurfaceof revolution
is 16K).Furthermore,thecodemakesthesceneitself plat-
form dependant!A possiblesolutioncouldbeto distribute
just the sourcecodeandcompile it whennecessary(the
sizeis thenjust6.5K for thesurfaceof revolution).
There are other overheadsinvolved resulting from the
boundingbox (6 numbers)that has to be saved for ev-
ery proceduralobjectin theRenderMancontext andfrom
additionalnumbersthat have to besaved for every curve
andpatchspecifyinge.g.lengthandorder. Thenumberof
bytesthat canbe saved is very hard if not impossibleto
predict.
As anexamplewe savedthepartof thescene(from Fig-
ure3)with four revolutionsastoolobjectinsteadof NURB
patches.The RIB is then42868Bytesbig comparedto
55404Bytes,whenusingNURB patches.

In orderto save morememorythetool objectsrevolve,
extrude,sweepandskinmaybeextendedin variousways.
Thecontrolvectorsof theparametercurvesmaybesaved
in two dimensionaland/ornon-rationalcoordinates,where
applicable.

Sincemany curvesarecreatedwith standardknot vec-
tors (NURB, Bezier, B-Spline,see[3] pp. 105) thosedo
notneedto besavedin explicit form but maybere-created
on thefly easily.

A normalskin tool objectdoesnotgenerallysavemem-
ory, but if thesectioncurvesof theskinaresimilarin terms
of instancing,this conceptcouldalsobeusedfor theskin
tool object. An examplefor this is shown in Figure 5.



Here,thebodyof thecactusis modeledasa skin from a
singlecurve with 29 rotatedandscaledinstances.Instead
of saving 30curveswith 8 controlpointsand12knots,just
onecurvehasto besaved,and29 instanceswith transfor-
mationattributes.

Figure5: Cactus

In addition to the simplification of the parameterob-
jects,theproceduresfor thetool objectsmaybeextended
to includemorefunctionality.

� Creationof caps: Where closedplanar curves are
usedto mark the endsof an object, caps(surfaces
that fill the curve) may be createdautomaticallyus-
ing trimmedNURB patches(seeFigure6 for anex-
ample). The NURB patchis trimmedby the afore-
mentionedcurvethatneedsto betransformedappro-
priately.

� Bevels: To round the otherwisesharpcornersbe-
tweenobject and cap, bevels may be createdauto-
matically(seeFigure6 for anexample).

� Closedobjects:Themissingsurfacesto make anob-
ject totally closed(e.g.to make it usablein settheo-
reticoperations)couldbecreatedautomatically. This
way, they do not have to be modelledandsavedex-
plicitly.

� Holes for extrusions: The extrude tool object may
extrudetwo or morecurvesat once,forming an ex-
trudedobjectwith holes. Figure6 shows anextrude
tool objectfrom threeNURB circles,thatmakesuse
of holes, capsand bevels. The tool object needs
only 3 � � 9 � 3 � �

9 � 3����� 117 numbers,whereas
theNURB patchesthatarecreatedby thetool object
need3 � � 2 � 9 � 4 � �

9 � 3��� �
2 � 2��� � extrusions���

2 � ��� 2 � 2 � 2��� �
2 � 2��� �

2 � 2��� �
3 � � 9 � 3 ��

9 � 3����� � caps��� 2 � � 3 � � 9 � 3 � 4 � �
9 � 3��� �

3 �
3����� � bevels��� 264 � 266 � 756 � 1286 numbers.
This sumsup to a compressionfactorof 11,neglect-
ing thevarioussmalloverheadsfrom theparameters
for beveling,capsandextrusions.

It is clear that the proposedextensionshelp to save
memory. Furthermore,they make the work in the mod-

Figure6: ExtrudeObjectwith Holes,CapsandBevels

ellerandwith theRenderManInterfacemoreintuitive. On
the otherhand,they increasethe sizeof the tool objects
becauseof thecontrollingflagsandparametersthatneed
to be saved andthey increasethe complexity andsizeof
the tool objectscode,which hasan impacton execution
time.

3.4 Usage of Tool Objects in Modelling
and Rendering

Current trends in freeform modelling (e.g. the Teddy
sketch systemby Igarashiet al. [12]) show, that intu-
itive approachesgain increasingimportance. Neverthe-
less,thosenew modelingtechniquesaremainlyusedwith
fixed renderingalgorithms. It is highly desirableto use
theintuitive andefficientnew techniqueslike tool objects
in theRenderMancontext to take advantageof thediffer-
entavailablerenderingalgorithmsthatareavailablehere.
Evenfurtherapplicationin theVRML context is possible.
However, theRenderManInterfacecurrentlydoesnot re-
gardthemodellingenvironmentandits advantageousob-
jectdescriptionsenough.

The currentroute (implementationof tool objectsus-
ing the interfacefor proceduralobjects)will leadto pro-
prietarysolutions. But the tool objectsasdiscussedhere
are generalenoughto let a standardizationseemworth-
while. A standardizationin form of theRenderManspec-
ification is necessaryto make the tool objectsthat have
beendiscussedhereusablefor and available to a wider
userbasewith differentmodellingenvironments.We sug-
gestto standardizethebasicparameterobjects(curves)the
tool objects(revolve, extrude,sweep,skin) with the pro-
posedextensionsandtheresultingNURB patchrepresen-
tations.
For instance,curvescouldbesavedas:

ot oid (n o kt [kv] cvt cv)|(tr)

whereot is 0 - reference,1 - NURB curve; oid is an
object identifier; n is the length and o the order of the
curve; kt (knot type) is 0 - normal knot vector, 1 - B-
Splineknot vector, 2 - Bezierknot vector, or 3 - NURB
knotvector;kv is theknot vectorof lengthn+o , which is
justpresent,if kt is 0; cvt (controlvertex type)is 0 - 3D
rational,1 - 2D non-rational,2 - 2D rational,



or 3 - 2D non-rational;cv is avectorof lengthn of control
verticesof typecvt . Usingot andoid referencingmay
berealizedwith tr usedastransformationmatrix.
And anexamplefor asurfaceof revolution is:

ot oid (tm cl c)|(tr)

whereot andoid areusedasabove(but ot is e.g.2); tm
is theThetaMaxparameterof therevolution;cl is 0 - not
closed,1 - totally closed,2 - hasuppercap,3 - haslower
cap,or 4 - hasbothcaps;c is thecurvefrom above.

4 Conc lusions and Future Work

In this paperwe demonstratedtheapplicationof instanc-
ing, proceduralobjects,andtool objectsusingtheRender-
Man Interface. Using variousexamples,we have shown
the potential of tool objects. However, the amountof
memory saved is generallynot easyto predict because
therearesimply too many dependencies.It is alwayspos-
sible to save memorywith the surfaceof revolution, and
extrusiontool objects. For generalsweepsandskinsthe
RIB exporting codehasto be more careful. Extensions
areimportantfor thediscussedtool objectsbecausesome-
timesthememorysavingsdependheavily on them.

Futurework includesfinding answersto the following
problems.It is unclear, whetherasingleuniversaltool ob-
jector anumberof smallspecializedtool objectsaremore
advantageous.A singleuniversalobjectmaycontaincode
that is not usedby a givenscene,while small specialized
tool objectsmaycontaincode,that is identicalin all tool
objects.
How canwe converta scene,that is modeledwith NURB
patchesto a form usingtool objects?
We completelyneglectedthe existanceof a binary RIB
representationin this paper. More testswith this type of
byte-streamsarenecessary.
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