Efficient Scene Descriptions Using Advanced Modelling
Techniques in the RenderMan Conte xt

Abstract

In this papermethodsfor efficient scenestoragein the
RenderMarcontet usingconceptdik e instancing(refer

encing),procedurabbjectsandtool objectsarediscussed.

We introducethe conceptdor efficientstoragen general,
give a systemoverview of a modelling environmentus-
ing RenderManshav how theseconceptsnaybe usedin

the RenderMarcontet anddiscussaadvantagesdisadwan-
tagesandpossibleextensions.

Keywords. efficient scenestoragejnstancing procedu-
ral objectstool objects RenderMan

1 Introduction

The storagecompleity of a sceneis an important as-
pect of renderingbecausdile operationsand swapping
due to high memory consumptioncan becomeextreme
time and resourceconsumingprocesses.To reducethe
amountof memory (on disk as well asin RAM) used
for the storageof comple scenedifferentconceptamay
be used. Theseare for example multiresolutiontech-
nigues,instancing(referencing),proceduralobjects,and
tool objects. However, multiresolutiontechniquesasin-
troducedby Hoppeet al. [10, 11] are not scopeof this
paper Commerciallyavailable modelling and rendering
packageglike Maya [6] or 3D Studio Max [5]) usethe
conceptsnstancing,proceduralobjects,andtool objects
internally The RenderMarinterfaceis a standardnter-
facebetweemmodelingprogramsandrenderingorograms.
In this paperwe discusghefollowing questions:

e How cantheconceptdor compactstoragebeusedin
the RenderMarcontext?

e Are thereary specialrequirementghat have to be
metin orderto usetheseconcepts?

e Whatarethebenefitsandwhatthe dravbacks?
e How canthesemethodeimprovedfurther?

To answetthesequestionsyve first describanstancing,
procedurabbjectsandtool objectsin general We givean
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overview of a modellingsystemin the RenderMarervi-
ronmentthenshav how theconceptdor compactstorage
canberealizedandhow muchmemorycanbesaredin the
next sectionsusingexamplescenes.

2 Concepts for Compact Storage
of 3D Scenes

In this sectionwe introducethe conceptgor compacstor
agein general.

2.1

For scenesvith mary similarobjectsit is desirableo save
justthe propertieghataredifferentbetweerthoseobjects
andnot to save e.g.the full geometricrepresentatiofior
eachobject. Instancingis an approred methodto realize
this desiredbehaiour, but neverthelesst is not usedin
general A yetunsohed problemis the automaticcorver-
sion of scenegnodeledwithout the instancingparadigm
to sceneshatuseinstancing However, this problemis not
addresseth this paper

Accordingto Foley etal. [1] thefirst useof instancing
in computelgraphicdatesackto SutherlandSketchpad
systemthathasbeenintroducedl963. Sutherlandiefined
the termsMasterasan objectwhich holdsfull geometric
informationand Instanceas a transformedvariantof the
Masterobject.

Therearetwo majorwaysto modelwith instances:

Instancing/Ref erencing

e Modellingwith instance®f primitives:

In this case the Masterobjectis not elementof the
sceneitself, and it's specific geometricrepresenta
tion cannotbe changed. Roth [8] points out, that
this instancing paradigm containsanotherdistinc-
tion. Namelytheglobalcoordinatesystemwherethe
scends assembledersughelocal coordinatesystem
wherethe primitive is definedin.

¢ Modellingwith instancef arbitraryobjects:
In contrastto the first method,the Master objectis
herean objectthat is alreadyelementof the scene.
The Masterobjectmay be changedy theuser thus
changingall instancegoo.



Instanceobjectscanbe usedto sase storageor to ease
operationsn objectsthatwould normallyhave beendone
on mary objectsseparately The amountof saved mem-
ory canbeveryhigh, but thisdepend$ighly onthescene.
If thereareno objectsthatsharecertainpropertiesin the
sceneone can hardly useinstancing. Propertiescan, for
instance pe geometricinformation, texturesor otherma-
terial descriptions.

2.2 Procedural Objects

Insteadof describingcomplex objectsusing e.g. mary
polygonsit is desirableto save a small setof parameters
for an algorithm (a pieceof code),which is ableto cre-
ate e.g. the polygonalrepresentatiomf the objectwhen
needed.Of course,this is feasibleonly if suchan algo-
rithm existsfor the givenobjectandthe setof parameters
is smallerthanthe actualgeometriaepresentation.

Procedurabbjectsare objects,whosegeometricrepre-
sentationsvill be createdbnthefly whenerer neededus-
ing code(a procedurepnda setof parameters.

The code may be compiledmachinecode (e.g. C) or
interpretedcode (for instancea Tcl script). Both meth-
odshave specificadvantagesanddisadwantagesegarding
speedand safetyof execution. Machinecodeis fastbut
may crashthe hostprogram. Moreover, it is difficult to
implementin a platformindependentvay, becausef the
differentconceptof dynamicloadingthatexistin current
operatingsystems. Scriptedcodeis safeto executeand
platformindependentyut slower thanmachinecode.

The main advantageof usingprocedurabbjectsis that
the set of parameterss often mary times smallerthan
the full geometricrepresentatiomf the describedobject
sothata commonlyusedterm for the generatiorof geo-
metric informationfrom the setof parameterss actually
data amplification(see[3] p. 201). More benefitsof us-
ing procedurabbjectsarethatthe geometricinformation
maybecreatedustwhenit is really neededthis presumes
thata boundingbox is known for a given proceduralbb-
ject). Furthermorethe accurag of the createdyeometric
representatiomaybeadaptedo agivencontet. Theres-
olution of the createdyeometryis justasgoodasit needs
to be. A goodexampleof this approachs given by We-
beretal. [9]. Here,theauthorscreateproceduramodels
of treesthataremoredetailedwhennearerto the camera.
Anotherwell known examplefor a proceduralobjectare
fractallandscapesHowever, we will shaw, that procedu-
ral objects(with certainextensionsapplied)canbeusedto
modelotherclasse®f objectstoo.

2.3 Tool Objects

Tool objectsrefinethe conceptof proceduralbobjects. In
most currentmodelling systemsthereis a sharpdistinc-
tion betweenthe objectsin the sceneandso calledtools
thatmodify objects.But certainoperation®n objectsmay
be thoughtof asanobjectin the sceneoo. Thesearetool

objects. An examplefor this is e.g.a tool that createsa

surfaceof revolutionfrom a curve. In amodellingsystem
without tool objectsthe tool createsurfaceof revolution

would be appliedto a curve objectof the scenecreating
a surface(a patch)from that curve and possiblydeleting
the curve object. In a systemwith tool objectsa tool ob-

ject surfaceof revolutionwould be createdandthe curve

objectwould be connectedo that objectso that the tool

objectcancreatethe patchfrom thecurve. Theconnection
cane.g.beestablishedisingthe hierarchyconcepknown

from CSGmodellingsystems.In our example,the curve

would bea child objectof thetool object.

To summarizea tool objectmay be definedasa pro-
ceduralobjectthattakesotherobjectsin the sceneaspa-
rameterfor its proceduravhich in turn carriesout certain
modificationson the parametepbjectsor createsiew ob-
jectsfrom them. Tool objectsaree.g.usedin Maya [6].
A first similar approachcan be found in the GENMOD
modellingsystemby Sryder[2].

Advantage®f tool objectsareacompactscenealescrip-
tion andeasiemodelling. The examplegivenhereshavs
that a classof tool objectsare sweepingobjectsbut tool
objectsaremoregenerabecaus¢heparameteobjectsare
not limited to curvesandthe operationis not limited to a
sweep.

2.4 Current Usage of the Concepts for
Compact Storage

The conceptsfor compactstorageof three dimensional
scenesare not new andwidely usedin the internal stor

agefacilities of the commerciallyavailablemodellingen-
vironmentslike Maya [6] or 3D Studio Max [5]. How-

ever, whenusingthe RenderMarinterfacesomeof these
conceptareoftenignored;e.g.simpleNURB patchesare
usedinsteadof tool objects.

The sameproblemoccurswhen corverting scenedata
from one modelling environmentto another becauseof
the lack of supportfor theseconceptsn the intermediate
file formats.We shav how theseconceptsnaybeapplied
in the RenderMarcontext and discussthe problemsthat
ledto the currentsituation.

3 Efficient Scene Storage in the
RenderMan Conte xt

In this sectionwe shawv how a modelingernvironmentis
embeddeth aRenderMarsystemanddiscusgheapplica-
tion of theconceptdor compacstoragen theRenderMan
contet.
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Figurel: SystemOverview

3.1 Modelling
ronment

in the RenderMan Envi-

RenderManis a specificationof an interface betweena
modelling systemand a renderer The viewpoint of the
specificationis renderercentric, modelling itself is not
sufficiently considered.Figure 1 shavs a simplified sys-
tem overview for the link of a modellingenvironmentto
a RenderMarcompliantrenderer Usually, the modelling
systemitself hasits own scenestorageon disk. To actu-
ally renderascenghe RenderMarinterfaceis used.This
is doneusinga so calledclient-library that writes a RIB
file (RenderMarinterfaceBytesteam) to disk (this route
is labeled”a” in Figure1). The rendererthenreadsthis

byte-streamandproducesanimagefile. The byte-stream

is not meantto be readby modelling ernvironmentsbut
only by renderers. It is also possibleto sendthe byte-
streamdirectly to a rendererusing the Unix pipe mech-
anismwithout creatinga RIB file (thisrouteis labeled’b”

in Figurel). Thisapproacthassereraldisadwantagegre-
gardingcontrolandflexibility) andis notusedmuch.The
byte-streanmaybeeitherpureASCII or binarydata.

3.2 Instancing and Procedural Objects
in the RenderMan Conte xt

The RenderMarinterfaceoffersfunctionality for instanc-
ing and proceduralobjects. There are two different
approachedor instancing. The first method usesthe
RiObjectinstance() mechanisnthatis part of the
original RenderMarinterfacespecificationt (see[3] pp.

133). This approachss limited to instancesof the basic
geometricprimitivesdefinedin the RenderMannterface
specificationonly, andis thereforedeprecated.The sec-
ond approachwhich usesRiReadArchive() is more
flexible. It workslike anincludemechanisnknown from

e.g.C preprocessorsConsequentlythe scenes no more
asinglefile, but consistsof a mainfile thatincludesother
files. This canbe a dravbackbecausét is moredifficult

to handlethe scenenow (becausehe referencesave to

beresolhed). Furthermoreif thefiles aresmallerthanthe
block-sizeusedin thefile systemthey mayeasilyrequire
morespace.

1thecurrentversionof thespecificatioris 3.1from 1989

On the otherhand,the cachesn thefile systemcannow
be betterutilized to improve parsingspeedwhenreading
thescendnto therenderer).

The amountof memorythatmay be saved by usingin-
stancednsteadf realobjectsdependsighly onthescene.
A classicapplicationof instancings anarchitecturakcene
with mary similarelementasshavn in Figure2. Thefile
sizefor apartialsceneof Figure2 (seeFigure3)is 140882
byte (without instancing)and 55404 byte in 8 files with
theuseof instancingthecompressioffiactoris 2.5). Note,
thatwe cancreatetheupperleft wall for theoriginal scene
(Figure 2) by creatingjust anothersingleinstanceobject
from thewall.

Figure2: Instancingexample

Figure3: Instancingexample uppermiddlewall

Proceduralbbjectsin the RenderMancontext may be
definedusingRiProcedural() (see[3] pp. 201). Ar-
gumentdo this call into the RenderMarinterfaceare

1. ablockof data
2. aboundingbox

3. apointerto asocalledrefinemenprocedurethatcre-
ategthegeometriadepresentatiofromtheparameters
(theblock of data)



4. apointerto afree procedurethatdisposeshe object

In order to make the procedural object dynami-
cally loadable sharedcode 2 an additional procedure
(ConvertParameters() ) is needed.The corvert pa-
rametersprocedurecorvertsthe parametergivenin the
RenderMarnterfaceBytestreanin ASCII representation
to a form usableby the refinemeniprocedure.The setof
parametersnay containarbitraryinformation.We shav a

Figure4: Collection

new examplefor a procedurabbject,thatcreatese.g.sea
shell shapes.This objectwasusedto createthe shellsin
Figure4. The size of the parametersor the procedural
seashell objectis 12K, whereaghe full geometricinfor-
mationin form of NURB patchess 330K (whichyieldsa
compressioriactorof 27.5). But the new procedurabb-
jectis notlimited to seashells,in Figure3 and2 it is used
to modelthe capitalsof the columnsandthe capstones.

3.3 Tool Objects in the RenderMan Con-
text

In contrastto instancingand procedurabbjectsthe Ren-
derManlinterfaceoffersnodirectfunctionalityfor tool ob-
jects, but the mechanisnior proceduraprimitivescanbe
usedto realizethese As mentionedefore theparameters
of anormalprocedurabbjectmay containarbitraryinfor-
mation. The parametersnay e.g.containa completeob-
jectdescriptionasit is neededor atool object. However,
the parametersnaynot establistrelationshipgo arbitrary
objectsin the sceneandthe procedureof the tool object
hasno accesgo the internal scenedatabasef the ren-
derer Consequentlythoseparameteobjectswould have
to appeatwice in the RIB. Whenusingparameteobjects
like curvesthatarelinkedto thetool objectswith a CSG-
like hierarchythe existing functionalityin the RenderMan
interfaceis sufficient.

For example,we usedthe codefor the generatiorof a
surfaceof revolutionfrom our modellingervironmentThe

2asocalleddynamicsharecbject,shortDSO

Mops [13] andimplementeda tool object, that createsa
surfaceof revolution (a NURB patch)from aNURB curve
thatis givenasparameter

Thus,tool objectsmaybe createdisingthe RenderMan
Interface,but how muchmemorycanbe saved? We an-
swerthis questionby comparingthe sizesof the control
andknot vectorsof the parametepbjectsfor varioustool
objectswith their NURB patchcounterparts.
Surface of Revolution:

NURB patch
tool object

9 n 4
n 3

9 3 n o
n o

Tablel: Surfaceof Revolution from a curve with n points

Thesurfaceof revolutiontool object(Tablel) needsasin-
gle 2D curve asargumentthat will be rotatedaroundan
axis in spacethus forming a surface. The axis may be
constrainedo one of the world axes, so thatit doesnot
needto be saved. The sizeof the resultingNURB patch
for a complete360 revolutionis 9 n (where9 is de-
rived from the standardNURB circle asdescribedn [4]
andn is the numberof pointsin the curve). The mem-
ory neededfor the control verticessumsupto 9 n 4
numbers pecausehe patchis alwaysrational. But there
is more memoryneededpecausef the two one dimen-
sionalknot vectors. Thosearesized9 3 andn o (3
is the orderof the standardNURB circle ando is the or-
derof thegeneratingcurve). Alltogether, the patchneeds
9n4 9 3 n o numbersTheparameteob-
jectfor thetool object(asimpleNURB curve) canbealot
smaller namely n 3 n o . Forthesimpleexample
of arevolvedcurvewithn 4ando 4 thepatchneeds
944 9 3 4 4 164butthetool objectjust
4 3 4 4 20numbersTheNURB patchrequires
8.4timesthe spaceof thetool object.
Extrusion:

NURB patch | 2
tool object

Table2: Extrusionfrom a curve with n points

An extrusionis a surfacethatresultsfrom moving a curve
alongalinearpath(Table2). Similartothesurfaceof revo-
lution we constrairthe curveto extrudeto 2D andthepath



to aworld axis. Theheightof theextrusionis fixedto 1.0,
anadditionallineartransformatiorns requirecto changet.
Thememoryneededor thecorresponding\URB patchis

2 n 4 4 n o andthememoryfor theextrudetool
objectisn 3 n o ,whichleadsto afactorof 2.2.
General Sweep:
NURB patch ne ng 4 Nne Oc
Ns Os
tool object nc nt 4 Ne Oc
L

Table3: GeneralSweepfrom a crosssectionwith n. and
trajectorywith ny points

A generalsweepis a surfacethat resultsfrom moving a
curve (acrosssection)alonga seconcturve (atrajectory),
possiblyarrangingall crosssectionsto be perpendicular
to the trajectory(Table 3). Let n; be the numberof con-
trol verticesof the crosssection,n: bethe numberof con-
trol verticesof the trajectory and ns the numberof sec-
tions usedfor the sweepand os the desiredorder The
numberof controlverticesusedto save thetwo curvesfor
the sweeptool objectis nc  n; andthe numberof knots
Nc Oc n. o . Thenumberof control verticesof
the correspondindNURB patchis n; ng andthe number
of knots nc  oc¢ ns 0s. Moreover, all pointsare
threedimensionaland rational. The compressiorfactor
depend®n ns andthedesiredorderin thedirectionof the
trajectory The parametens maye.g.bederivedfrom the
numberof control verticesandthe knot vectorof the tra-
jectoryor setto ary number 2. If ng may be setfreely
by the user the tool objectmay be even biggerthanthe
correspondingpatch.
Skin:

NURB patch n.a.
tool object n.a.
Table4: Skin

A skinis a surfacethatis controlledby a certainnumber
of crosssectioncurvesthat may have differentcharacter
istics (Table 4). Sinceall sectioncurvesare saved with

controlverticesandknot sequencethe resultingskinned
patchis generallysmallerthanthetool object. Neverthe-
less,undercertaincircumstancesomememory may be
saved with skinstoo. This happens.g.if the numberof
control verticesor knot vectorsdiffer betweenthe cross
sectioncurves. A skin of two curveswith both 4 control
verticesbut one with an order of 2, resultsin a skinned
patchof 10 2 controlvertices(se€[4]). Thecompression
factorfor thisexampleis 2 2.

Table5 givesanovervien aboutthecompressiofiactors
achievedby thetool objectsdiscussedofar.

| | Revolve | Extrude| Sweep| Skin |

compression
factor 8.4 2.2 na. | n.a

Table5: tool objectswithout extensions

The examplesshav considerableompressiorfactors.
However, thosefactorsaretheoreticalonesandcannotbe
achievedin practicebecausef multiple overheadshatre-
sult e.g.from the sizeof the codeof thetool object. This
codehasto bestoredandloadedwith thescene Thecode
doesnot have to be written eachtime a scenegetswrit-
tenby the modellingervironment,but it hasto beloaded
into therenderereachtime thescends renderedThesize
of the compiledcodeis platformdependanfon the MIPS
platformthe size of the codefor the surfaceof revolution
is 16K). Furthermorethe codemalesthe scendtself plat-
form dependantA possiblesolutioncouldbeto distribute
just the sourcecodeand compileit when necessarythe
sizeis thenjust 6.5K for the surfaceof revolution).

There are other overheadsinvolved resulting from the
boundingbox (6 nhumbers)that hasto be saved for ev-
ery procedurabbjectin the RenderMarcontext andfrom
additionalnumberghat have to be saved for every curve
andpatchspecifyinge.g.lengthandorder The numberof
bytesthat canbe saved s very hardif not impossibleto
predict.

As anexamplewe sared the part of the sceng(from Fig-
ure3) with four revolutionsastool objectinsteacof NURB
patches. The RIB is then 42868 Bytes big comparedo
55404Bytes,whenusingNURB patches.

In orderto save morememaorythetool objectsrevolve,
extrude,sweepandskin maybeextendedn variousways.
The controlvectorsof the parametecurvesmaybe saved
in two dimensionalind/omon-rationatoordinateswhere
applicable.

Sincemary curvesarecreatedwith standarcknot vec-
tors (NURB, Beziet B-Spline, see[3] pp. 105) thosedo
notneedto besavedin explicit form but maybere-created
onthefly easily

A normalskintool objectdoesnotgenerallysaze mem-
ory, butif thesectioncurvesof theskinaresimilarin terms
of instancingthis conceptcould alsobe usedfor the skin
tool object. An examplefor this is shavn in Figure 5.



Here, the body of the cactusis modeledasa skin from a
singlecurve with 29 rotatedandscalednstancesinstead
of saving 30 curveswith 8 controlpointsand12 knots,just
onecurve hasto be sared,and29 instancesith transfor

mationattributes.

Figure5: Cactus

In additionto the simplification of the parameterob-
jects,the proceduregor thetool objectsmaybe extended
to includemorefunctionality.

e Creationof caps: Where closedplanar curves are
usedto mark the endsof an object, caps(surfaces
thatfill the curve) may be createdautomaticallyus-
ing trimmedNURB patcheqseeFigure6 for an ex-
ample). The NURB patchis trimmedby the afore-
mentionecturve thatneedgo betransformedappro-
priately

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

¢ Closedobjects:The missingsurfaceso make anob-
jecttotally closed(e.g.to make it usablein settheo-
retic operationsyouldbecreatechutomatically This
way, they do not have to be modelledand saved ex-
plicitly.

¢ Holes for extrusions: The extrude tool object may
extrudetwo or more curvesat once,forming an ex-
trudedobjectwith holes. Figure6 shavs an extrude
tool objectfrom threeNURB circles,thatmakesuse
of holes, capsand bevels. The tool object needs
ony3 9 3 9 3 117 numbers,whereas
the NURB patcheghatarecreatedby thetool object

need3 2 9 4 9 3 2 2 exdrusions
2 2 2 2 2 2 2 2 3 9 3
9 3 caps 2 3 934 9 3 3
3 bevels 264 266 756 1286 numbers.

This sumsup to a compressiotfiactorof 11, neglect-
ing the varioussmall overheadsrom the parameters
for beveling, capsandextrusions.

It is clear that the proposedextensionshelp to save
memory Furthermorethey make the work in the mod-

Figure6: ExtrudeObjectwith Holes,CapsandBevels

ellerandwith the RenderMarinterfacemoreintuitive. On

the otherhand,they increasethe size of the tool objects
becausef the controlling flagsandparametershat need
to be saved andthey increasehe compleity andsize of

the tool objectscode,which hasanimpacton execution
time.

3.4 Usage of Tool Objects in Modelling
and Rendering

Current trends in freeform modelling (e.g. the Teddy
sketch systemby lgarashiet al. [12]) shaw, that intu-

itive approachegain increasingimportance. Neverthe-
less,thosenew modelingtechniquesremainly usedwith

fixed renderingalgorithms. It is highly desirableto use
theintuitive andefficient new techniquedik e tool objects
in the RenderMarcontet to take advantageof the differ-

entavailablerenderingalgorithmsthatareavailable here.
Evenfurtherapplicationin the VRML context is possible.
However, the RenderMarinterfacecurrentlydoesnot re-

gardthe modellingervironmentandits advantageousb-

jectdescriptiongnough.

The currentroute (implementationof tool objectsus-
ing the interfacefor proceduralobjects)will leadto pro-
prietary solutions. But the tool objectsasdiscussedere
are generalenoughto let a standardizatiorseemworth-
while. A standardizatiom form of the RenderMarspec-
ification is necessaryo malke the tool objectsthat have
beendiscussedchereusablefor and available to a wider
userbasewith differentmodellingenvironments We sug-
gestto standardizéhebasicparameteobjects(curves)the
tool objects(revolve, extrude, sweep,skin) with the pro-
posedextensionsaandtheresultingNURB patchrepresen-
tations.

For instancecurvescouldbesavedas:

cv)|(tr)

whereot is O - reference,l - NURB curve; oid is an
objectidentifier; n is the lengthand o the order of the
curve; kt (knot type) is 0 - normalknot vector, 1 - B-
Splineknot vector 2 - Bezierknot vector or 3 - NURB
knotvector;kv is theknotvectorof lengthn+o, whichis
justpresentif kt isO;cvt (controlvertex type)is0- 3D
rational,1 - 2D non-rational2 - 2D rational,

ot oid (n o kt [kv] cvt



or 3- 2D non-rationalgv is avectorof lengthn of control
verticesof typecvt . Usingot andoid referencingnay
berealizedwith tr usedastransformatiormatrix.

And anexamplefor a surfaceof revolutionis:

c)|(tr)

whereot andoid areusedasabove(butot ise.g.2);tm
is the ThetaMaxparametepf therevolution; cl is 0 - not
closed,1 - totally closed,2 - hasuppercap,3 - haslower
cap,or 4 - hasbothcapsic is thecurve from above.

ot oid (tm cl

4 Conclusions and Future Work

In this paperwe demonstratethe applicationof instanc-
ing, procedurabbjects,andtool objectsusingthe Render
Man Interface. Using variousexamples,we have shovn
the potential of tool objects. However, the amountof
memory saved is generallynot easyto predict because
therearesimply too mary dependenciesdt is alwayspos-
sible to save memorywith the surfaceof revolution, and
extrusiontool objects. For generalsweepsand skinsthe
RIB exporting codehasto be more careful. Extensions
areimportantfor the discussedool objectsbecaussome-
timesthememorysavingsdepencheavily onthem.
Futurework includesfinding answergo the following
problems.t is unclearwhethera singleuniversaltool ob-
jector anumberof smallspecializedool objectsaremore
adwantageousA singleuniversalobjectmaycontaincode
thatis not usedby a givenscenewhile small specialized
tool objectsmay containcode,thatis identicalin all tool
objects.
How canwe corverta scenethatis modeledwith NURB
patchego aform usingtool objects?
We completelyneglectedthe existanceof a binary RIB
representatiom this paper More testswith this type of
byte-streamsarenecessary
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