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Abstract

A developmentervironmentfor RenderMarshaderdiasbeenim-
plementedallowing the SL programmetto obsere the bahaiour
of variablesin both time and space. By allowing both novices
andexpertsto visualisethe executionof their code,the creationof
shaderss muchsimplified without restrictingthe flexability of the
SL language.

1 Introduction

The RenderMan standard incorporates programmable
shaders[Hanrahamand Lawson 1990]. These are written in
"SL" or ShadingLanguagewhich attemptgto simplify the devel-
opmentof customshaderdy providing appropriatehooksinto the
rendererandarich ervironmentof operatorsandfunctions[Upstill
1989]. Despitethis, the widespreadrespectfor the standard,
and the recentincreasein the numberof RenderMancompliant
renderersthe developmentof shaderss still seenasa challenging
task,beyondtheabilitiesof mostanimators.

A numberof tools, suchas CinemaGraphics’ShadeTee,Hou-
dini "TOPS", and mostrecently Pixar's SLIM editor attemptto
makethe developmentof procedurakexturesmore accessabléy
allowingtheuserto describeashadethroughagraphicalll. These
toolsgenerallyoperateby building up a networkof operationsin a
form of visualprogramming Howeverit appearshatthisapproach
is limited - it fails to providetheflexibility requiredby professional
shademvriters,yetnovice usersstill lacktheunderstandingequired
to usethetool effectively. Worsestill, in attemptingto protectthe
userfrom the harshdetailsof programminglittle opportunityis
providedto acquiretheskills requiredfor moreadvancedwork.

In addition to the standardproblemsof programming,shader
writersneedto visualisethe executionof their codeover a surface.
Shadergake the form of a function, which is evaluatedat every
pointof apatch. Thismassiely parallelapproachmakedraditional
dehuggingtechniquesuchasdiagnostigrintoutsimpractical- one
printf statemenin theshadeappliedto asinglepatchcouldproduce
in excessof 10,000lines of text.

It is proposedhatthe aim of an SL developmenttool is thatit
shouldassisthe SL programmeto produceshaderssupportinghe
procesgatherthanattemptingto hideit. Theusershouldbe able
to seehow variableschangebothover theshadedsurfaceandover
time, astheir codeis singlestepped.In this way, the programmer
may be both more efficient, and develop his skills from novice
throughto expert.

This paperdiscusseshe developmentandapplicationof sucha
tool, known asBuffy. Buffy is built aroundanSL runtimeenviron-
mentreferedto asSLander A brief review of RenderMarshading
is provided,beforetheSLandeengines discussedpllowedby the
extensiongequiredoimplemenBuffy. Finallytheuserexperience
isillustratedby consideringhe applicationof Buffy to atypical SL
codefragment.

Ci=(specularcolor
*specular(Nf,normalize(l),roughness)
*Ks
+(diffuse(Nf)*Kd+ambient()*Ka)*Cs)*Os;

Figurel: PlasticshadingModelin SL

2 RenderMan Shaders

Within aRenderMarmrendererall propertiesf a surfacearespeci-
fied by theapplicationof shaders[ApodocandGritz 1999]. These
taketheform of shortprogramswrittenin a C like languageknown
asSL. A numbershadertypesexist, eachof which performsone
stepof theimagingprocessThoughnotall renderersmieedsupport
all shadetypes,the availabletypestypically includedisplacement,
surfaceatmosphereandimager Only oneshadef eachtypemay
beappliedto a particularsurface.

Displacements first appliedto a surface allowing a surfaceto
be distorted. As with all shadershy applying this modification
at rendertime, the level of detail may be adapteddynamicallyto
ensurethat the renderedsurfaceis free from artifacts. Having
estabilshethetruelocationof eactsurfacepoint,theSurfaceshader
is executed.This typically formsthe coreof thetexturing process,
asits role is to calculatethe colour of eachsurfaceelementfor a
givenobserer, andlighting contitions. In orderto assistthis task,
anumberof variablesarepassednto the code eitherasparameter
from the modeller or calculatedby the renderer Functionsallow
thelighting conditionsto beinterogatedasshavn in Figurel, the
lights themselesbeingcontrolledby Light shaders.

All forms of texturing take placewithin this shadingpipeline,
texture mapsbeingsupportindirectly by the provision of functions
within the shadinglanguage. This allows the placementof the
texturemapto becontrolledprocedurallyandthevaluesoobtained
may be usedfor ary purpose,ratherthan simply being applied
drectlyasthesurfacecolour.

Oncethe surfacecolour hasbeenestablishedan atmosphere
shadercontrolsthe propogatiorof the surfacecolourto thecamera
(implementingfogging, or other depthcues). An imagershader
allowsthecoloursofar calculatedo bemodified,for arbitarycolour
correctionprior to recordingtheimage.

This procedurabpproactto shadingaffords maximumflexabil-
ity, asary partof theshadingpipelinemaybemodified. As thecode
may be evaluatedat ary point, a well written shadercan provide
a non-repeatingexture over ary sizearea,at an arbitarylevel of
detail. A shadeshouldalsocontrolits highfrequeny components,
removing detail asappropriateto avoid aliasingwithout recourse
to excessve supersampling.Unfortunatly shadersof this quality
aredifficult to build. Improveddevelopmentoolswouldtherefore
prove invaluable.



3 SlLander

The core of the Buffy applicationis the SLanderuntime engine.
Shaderaretypically compiledfrom SL to avirtual machine(VM).
This makescompiledshadergortableacrosshardwareplatforms,
sayin arenderfarmwhich maybe composeaf whateser machines
areavailable(thoughthecompiledshadersirenottypically compat-
ablebetweernrendererseachof which hasits own VM). Theuseof
avirtual machinealsosimplifiesthe generatiorof code,asthe VM
will generallybe designedo facilitate the runningof shadersvith
noneof the quirks typically found in real hardware. ThoughVM
machinessuchasthe Java VM, INTCODE[Richardsand Whitby-
Stevens1979], or the P-machinehave a (justified) reputationfor
beingslow this is not the casewhenimplementingSL for reasons
which shallnow bediscussed.

The aim of the shadingengineis to shadenot simply a setof
points, but a surface. Thatis a patchis passedo the enginefor
shadingandall of its componenpointsaretypically shadeditthe
sametime ratherthanshadingonepointfully beforeprogressingo
the next (this is animportantconceptwhich Buffy is ableto make
clearto users). The overheadn interpretinga noisefunction call
(for example),whichwill bea singleop-codewithin the compiled
shadewill thereforebeincurredonceperpatch. Thenoisefunction
will thenbeevaluatedatevery pointonthesurfacemakingthecost
of interpretingthe machinecodeinsignificant.

Thisapproactknown asSIMD[Flynn 1996]- singleinstruction,
multiple data), not only makesthe useof a VM efficient, it also
enablescertainoperationgo be implementedwvhich would other
wise be very difficult. These"area"operationgely on the values
of expressiondeingknown over the surfaceratherthanjust at a
singlepoint. Themostobviousof theses "calculatenormalWhich
handlesbumpingof thesurfaceandrequireghedeformatiorof the
local surfaceto be known. However even readinga texture map
requiresareainformationif anti-aliasingis to be donecorrectly
Furtherbenefitof the SIMD approactarethatuniformexpressions
(whosevalueis the sameaccrossall points of a surface)caneas-
ily be optimised. Finally the style of programmingscaleswell to
high-endparallelhardware[Hockngetal. 1981;MasRar Computer
Corporation1991]. An SIMD VM is thereforeusedby both SLan-
der, andPRMan(RenderDotQisesative codeincorporatingSIMD
techniques).

Ratherthandesignandimplementa full VM andsupportingen-
vironmentfrom scratchthe VM designwasborroved from Blue
Moon RenderingTools[Gritz 1999] - an excellentshargvare Ren-
derMancompliantrenderer The BMRT VM is a simple stack
basedsystemwhich storests codein an ASCII format(Figure2).
This allowedthe developmenbf SLanderto progressapidly using
pre-compiledshadersstestcasestheimplementatiorof a shader
compilerbeingpostponedintil muchlaterin the project. Compat-
ibility with BMRT is anaddedbenefit,thoughnot a designcriteria
- assuchit maynotbepreseredin futurerelease®f eitherBMRT
or SLander

It hasbeensaid that thoughRenderMarclaimsto be renderer
independantcertainaspectof the SL standardmakesit very dif-
ficult to implementwithin a ray tracingrenderer In calculating
secondaryrays, a ray tracermustdealwith the shadingof points
ratherthancompletesurfaces.This precludeghe useof the SIMD
approach BMRT beingaray tracing/radiosityrenderemustgo to
greatlengthsto correctlydealwith areaoperators[GritzandHahn
1996]. As aresulttheBMRT VM is notdesignedor SIMD execu-
tion. It is howeverpossibleto executeBMRT objectcoderelatively
efficiently in anSIMD fashion the mainlossbeingthelack of sup-
portfor uniform variableswhich aretreatedn anidenticalfashion
to varyingoperations.

SLanderhasbeenimplementedas a library written in C. The
clientprogrampassesn a UV patch,with the SL variabledefined

pushf roughness
pushv |
normalize

negv

pushv  Nf
specular
mulCF
mulcc
pushv Nf
diffuse
mulFc  Kd
ambient
mulFc  Ka
addcc

mulC Cs
addcc

mulC Os
popc Ci

specularcolor Ks

Figure2: Plasticshadingn BMRT objectcode

acrossthe surface. The engineruns a shaderprogramusing the
predefinedylobal variables,and a setof lights asinput. Multiple
shadergdisplacemenfollwed by surfacefor example),mayberun
by simply executingoneshadeiafterthe otherwithout resetinghe

Eachinstructionin turn is readfrom the compiledshadeffile,
andappliedto anarrayof nodesgachrepresentingnepoint of the
surface.Uponencountering forwardbranchinstructionprocessor
nodeswhich arenot requiredto executethe following codeblock
aretemporarilysuspendedyeingreturnedo theactive setwhenthe
destinatiorof thebranchis reached Theinstructionghemselesare
alwaysparsedeventhoughno procesorsnaybeactive. A backards
branchrewindsthe shadefile only if theactve setcontainsatleast
onenode. Specialcaremustbetakento correctlyhandlethe stack
pointerwhichis sharedoy all processors.

Uponcompletiorof ashadetheclientprogramcanextractvalues
of Ci: theoutputcolourfor eactpointonthepatch.In afull renderer
this would thenbe mappedntoa surface.A standaloneersionof
SLanderhasbeendevelopedwhich operatesery well asa shader
previewer, displayingthe resultsof shadinga simplelinear patch,
or sphere. As no geometryis usedthis programis far fasterthan
anormalrendererandevenin this limited form, candramatically
reduceshadedevelopmentimes.

4 Buffy

Oncethe SLanderenginewasoperational jt wasrelatively trivial
to adda Ul. This consistsof a window for eachshaderdocument
containinga text editorallowing the SL codeto be developedwith
buttonsto trigger the compilation, and execution of the shader
Selectingthe compileoptionsavesthefile, runsan SL compilerto
generatebjectcode,andinitializesthe SLanderengineto execute
thenewly compiledshader Selecting'run" allows the currentVM
to run to completion. "reset" discardsthe currentexecution,and
resetsthe VM backto its initial state,readyto run the re-runthe
shader

Theresultsof aruncanbeviewedby creatinganinspectolusing
theinspectbutton). Normally a shaders taskis to calculateCi, the
surfacecolour, and this may be displayedin the inspector as if
the shadehadbeenappliedto a simple planersurface. However,
ary othervariableusedin the shademay equallybe extractedand
displayed(Figure 3). Scalarvaluesare displayedas grayscale,
while vector valuesare displayedas RGB. Further by clicking
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Figure3: TheBuffy InspectorPanel

on the surface,the numericalvaluesat a particularpoint may be
obtained.Multiple inspectorsllow ary numberof variablesto be
viewedsimultaneously

In order to facilitate single steppingof the code, hookswere
addedto the SLanderengine,suchthat eachcall to the library
would executeonly a singleVM instruction. Following eachcall,
thefront endis ableto extractanddisplaythe updatedstateof ary
variablesbeinginspected. However single steppingat the object
level is of limited use,asrelatingthe stateof the machinebackto
the high-level sourcecodeis difficult. Unfortunatelythe BMRT
objectcode provides no way of identifying which line of source
codethecurrentinstructionrelateso.

In orderto facilitatesourcdevel singlesteppingtheSLandevM
wasextendedbeyondtheBMRT VM to includeonenew operation.
This constructllowedlines of theform:

# 13 "fog.slc"

to be insertedinto the objectcode,allowing SLanderto record
progresshroughthesourcecode.Buffy couldtheninspecthestate
of SLandetto identify thecurrentline, highlightit, andallow single
steppingby runningthemachineuntil theline numberchanges.

Thoughthe dehugging ervironmentcould now supportsingle
steppingit is reliantuponthe compilerto generateheinformation
it needsto synchronisexecution. The standardBMRT compiler
"SLC", of coursegeneratesio suchinformation. A simple de-
bugging compiler "Giles" was thereforedeveloped. Thoughthe
codeproducedy Gilesis lessefficientthanthatof SLC,andGiles
currentlyhasa numberof limitations with respecto someof the
moreobscureaspect®f the SL syntax,it is ableto handlethe vast
majority of shadersandwhencombinedwith Buffy allows single
steppingat the sourcecodelevel, asoriginally desired. Buffy will

for(i=0;i<6;i++)

{

mag += abs(snoise(P*freq))/freq;
fre@ *= 2,

}

Figure4: TurbulenceCodein SL

Figure5: A turbulencefunction

still function correctlywhenusingSLC asits compiler but single
steppinds notpossible.

5 Application

The insight into the developmentprocessafforded by Buffy is
perhapsbestillustrated by consideringa simple turbulencecon-
struct[Eberetal. 1998]. This takestheform of noisesummecdbver
arangeof frequenciesasin figure4.

"mag" maythenbe used to modify the colour, displacementor
ary otherfeatureof thesurface.Thoughthis construcis familiar to
ary experiencedashademvriter, andformsthe basisof a greatmary
shadersthe techniquecan be difficult to grasp. Learninghow to
adaptandapplyturbulence andtherelatedBM functionsis a skill
which the SL programmemustacquire.

An understandingf theturbulencecodecanrapidly beobtained
by single steppingthe codein Buffy. The valueof "mag" on suc-
cessie iterationsof the loop canbe seenin figure5. On thefirst



iterationwe seethatmagis simply 2D noise. Thisview alonemakes
clearthedifferencebetweemoiseasusedn thecontext of shading,
andsimplerandonmvalues.It canbeseerthatnoisehasafrequeny,
andthatit variescontinuouslyover the surface.

On furtheriterationsit is possibleto sehow the texture is built
up in layers, eachadding finer detail of smalleramplitudeand
higherfrequeng. Onceviewedin Buffy, thisresultappeardrivial,
but without a suitablevisualisationtool is very difficult for the
inexperiencegrogrammeto associat¢hecodewith thefinalimage
produced. It is preciselythis link from codeto imagewhich the
shademvriter mustlearnto make. While this ability canonly come
from experiencethe oppotunityto examinethe resultsof the code
asthetextureis constructeds aninvaluableaid.

For the more experienceduser the ability to inspectthe shader
canalso prove valuable. Shaderoften contain“magic numbers"
in orderto bring the resultsof functionsinto a suitablerange(for
examplethevalueof "mag"following the abore calculationwould
typically be scaledto suit its final use). The ability to view the
actualvaluesproducedy the calculationcanremore muchof the
guessworkequirecto arrive atthesevalues.

6 Further Work

In comparisonwith the delugging tools available for traditional
programmindanguagesBuffy is still relatively primitive. Break-
points,andwatchingof variablesarestandardeaturesvhich could
be incorporatednto Buffy. The natureof shaderwriting, where
codeis usuallyshortin lengthreduceghe needfor theseoptions,
but they would still be of benefit.

Buffy currentlyshades flat plane.While thisis the mostuseful
shapeto work with whendevelopinga simplesurfaceshaderit is
also helpful to work with a rangeof shapes. ExtendingBuffy to
supporta choiceof morecomplex geometrywould be a powerful
addition. Work is underwayto allow Buffy to operateonacomplete
RenderMarscenefile (RIB). It is hopedthatthe enduserwill be
ableto selectan objectwithin the renderedsceneandinspectthe
executionof ashademithin the context of theintendedscene.

It may alsobe usefulto provide toolsfor performingstatistical
analysisonavariableto identify how it change®ver space Simple
metricssuchasmaximum,minimum,mean,andstandardieviation
would be of greatvalue,andinformationaboutthe spectralprop-
ertiesof a variablecould prove to aid in the challengingtask of
anti-aliasing.

The SLanderenginehasgreatscopefor future application. It
hasalreadybeenusedto processandgenerate?2D imagesfor use
in compositingapplicationswhereSL canbe a powerful scripting
language. Integrationinto one or more compositingtools would
allow SL programmergo transfertheir skills from 3D tasksto 2D
tasks. A full renderemakinguseof the SLanderengineis under
development.lt is alsobelievedthat SLandeiitself maybe usedas
aprocedurashademithin anon-RenderMarendererallowing SL
texturesto beusedfor example,in MentalRay.

7 Conclusion

A tool hasbeerdevelopedwhichsupportshadewmwritersin learning
andpractisingtheir craft. Thetool, knowvn asBuffy makesuseof
the SLandershadingengine,and Giles SL compilerto allow the
userto view variablesasthey vary over bothtime andspace.The
facilities have beenfoundto be helpful to both novice, and more
experiencedprogrammersmaking clearmary of the conceptsof
shademriting which maybe difficult to grasp.
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