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1 About This Course

Or, “why dowe wantto doreal-timeshadingandwhy offer a courseonit?”

Over theyearsof graphicshardwaredevelopmenttherehave beenobvious strides
in the geometriccomplity of objectsthat canbe renderedin real-time. The rst
statisticquotedfor arny new pieceof graphicshardwareis the numberof polygonsit
canrenderpersecond.However, therehasalsobeena steadypaceof improvementin
appearanctor objectsrenderedn real-time(Figurel). Thesamprovementsareharder
to benchmarlandtendto comein jumpsacrosgheindustry Nonethelessjoonetoday
would seriouslyconsiderbuy a new graphicssystemthatdid only at shadingonly.

Comparehisto softwarerenderingwheretechniquedik e procedurakhadinchave
beenin usefor 15-20years[3, 5, 8, 10]. Procedurakhadingis popularin alarge part
becaus®f thepowerit providesto customizeheappearancef everythingyou render
by changinghe procedureshatcontrolthatappearance.

In the pastfew yearswe've begunto seegraphicshardwarethatcando someform
of procedurakhadingn real-time. This new freedomin expressinghe appearancef
renderedbjectshasexcitedtheimaginationof peopleacrosshe spectrunof interac-
tive graphicsusersjncludingeveryonefrom gamedevelopersto cardesigners.

However, thecapabilitiesandeaseof useof new real-timeshadinghardwarevaries
widely. This courseis designedo provide a solid comparisorof mary of the latest
offerings. Evenaswe offer this course hardware capabilitiesand softwareinterfaces
for themareimproving. Any attempto shav the“stateof theart”, is atbestasnapshot.
As such,thesenoteswill be but one snapshotandthe coursepresentationanother
While the notesmay sene asa startingpoint, we encourageouto checkthewebsites
of thevariouscoursepresentersor thelatestdevelopmentsat andafter SIGGRAPH.

Figure 1. Progressionof hardware-acceleratedppearance:vector at shading,
Gouraudshading,2D Texture + Gouraudshading,2D Texture + pervertex Phong,
3D ProceduraBhader
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The courseitself is dividedinto two major sections.The morningpresentergBill
Mark from NVIDIA, JasorMitchell from ATI andMarc Olanofrom SGI) will focus
on the how the shades that determinesurfaceappearancare described. The after
noonpresentergChasBoyd from Microsoft on DirectX, RandiRostfrom 3DLabson
OpenGL2.0andMichaelMcCool from the University of Waterlooon API Designand
SMASH) will focuson API issues. Thatis, on the interfacefor using shadersand
shadedbjectswithin anapplication.

2 The Examples

To provide a commongroundfor comparison,eachpresenteiin both sectionswill
shav threecommonexampleson their latestandgreatessystem.Thesewill be sup-
plementedy their additionalexamplesfor eachpresenteto shav off otherimportant
featuresof their system.

The commonexamplesare not so mucha benchmarlof performancesa bench-
mark of easeof useand understanding.By usingthe samesetof examples,course
participantswill beableto comparehedifferenthardwareandsoftwareinterfaces.On
the otherhand,we haven't attemptedo de ne the examplestoo preciselysinceeach
systemhasits strengthsandweaknessedf we'd de ned every detail of the examples,
we'd runthe dangerof giving a falsecomparisorby the chanceoverlapwith strengths
for somesystemsaandweaknesse®r others.Instead the examplesaremoreroughly
de ned, giving eachpresentethe optionto targettheir strengths— they way you'd do
it if youwerewriting theshaders.

Notethatnot all chaptersn thesenotesshav implementatiorof the examples—
in somecasesnajorchangesreexpectecbetweerthe coursenotesdeadlineandSIG-
GRAPH. In thosecasesthesenotesinclude referencematerialthat may continueto
prove usefulfor thoseplatforms.

Thefollowing sectionddescribeeachof thethreecommonexamplesjncludingthe
problemstatemengivento the presenterat the outsetof the course.

2.1 Shiny Bump Map

Environmentmappecoump mapping... dependentexturing, ev-
erybodyseemsdo like it

The rst examplecombineservironmentmapping,a commontechniquefor sim-
ulatingre ection, with bump mapping,a commontechniquefor simulating ne-scale
surfacefeatureghroughshadingwithoutchanginghesurfacegeometry Thesewo are
interestingwhen put togethersinceboth bump mapandenvironmentmapareresults
of texturing operations.Puttogetherthey requirethe resultsof onetexture lookupto
in uence thetexture coordinatesisedin a secondookup.

It's also includedbecauséumpy-shiry things have becomea trite exampleson
recentgraphicshardware,beingappliedto practicallyevery objectin somecases.

The problemstatemenintentionallyavoids specifyingexactly how the bump map
is computed. The traditional formulation originally proposedby Blinn usesa bump
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Figure2: Shiny BumpMap on alow-tessellatiortorus
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Figure3: Carrenderedvith HomomorphidBBRDF factorizatiorfor paintfrom [7], and
againwith environment-mapbasedFresnelre ectancelayer on top of BRDF-based
paint

texturerepresenting grey-scaleheightmapof thesurface[1]. Changedo theshading
normal are determinedfrom the gradientsof this bump map texture. Another for-
mulationsby Cabral, subtractsshifted versionsof the texture in a techniquesimilar
to 3D imageembossingo computethe bump gradientg2]. Yet anotherformulation
by Fournierusesa texture map containingsurfacenormals(a normal map insteadof
computingperturbationgo the original shadingnormals[4]. Any of theseor other
methodof computingthe bumpedsurfacenormalscould be used. Also, the shader
could computesomeotherrelatedquantityratherthanthe bumpednormalif it seems
moreef cient.

The problemstatemenalsoavoids specifyinghow the ernvironmentmapis stored.
Onceagain therearemary optionsthatmaymake moreor lesssensdor certainimple-
mentations All systemsn this coursecanrepresenenvironmentmapsin sphee map
form, asanimageof are ective sphere.Somecanalsousecubemapform, mapping
re ection vectorsonto the facesof a cube,or parabolic mapform, asimagesof two
re ective paraboloidg6].

2.2 Homomorphic BRDF Factorization

non-standardexgen,realisticsurfaces
texture("p", V) * texture("q", H) * texture("p", L)
* diffuse  * color

This is the run-time aspectof McCool, Ang and Ahmad's 2001 SIGGRAPHpa-
per[7]. Thebulk of this paperdealtwith numericalfactorizationof arbitrarybidirec-
tional re ectancedistribution functions(BRDFs)into combinationf 2D textures.

A BRDF is a 4D functionthatencodeghe re ectanceof a surfacebasedon both
thedirectionof view (V = 2 dimensionsandtheincominglight direction(L = 2 dimen-
sions). Equipmentexiststo measure¢he BRDF of a real surfacestypically ata large
numberof discretelocationsfor bothlight andview directions.Giventhis BRDF, we
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Figure4: Scanof wood

cancreaterealisticrenderingof mary surfaces.However, the natureof the BRDF as
a4D functionpreventits directusefor real-timerendering.

The homomorphicfactorizationmethodcomputesa least-squareg to a full 4D
BRDF by a productof 2D textures,eachwith a uniquesetof texture coordinatesle-
pendenion bothV andL. The methoddoesnt constrainthe choiceof texture coordi-
natesfor each2D texture, but good resultswere obtainedin the original paperusing
onetexturelookupindexedbyV, oneindexedby L (actuallythe sametextureusedover
again)andoneindexedby H = V + L, all expressedn the local tangentcoordinates.
This setof texturesmakes somephysicalsenserelative to “microfacet” BRDF mod-
elsthat modelthe surfaceasa distribution of microscopicperfectlyre ective facets.
TheH texture canbeinterpretedasthe probability ary microfacetwill have the given
orientation,H. TheV andL texturescanbeinterpretedasshadeving andmaskingof
somemicrofacetsby otherfacets.

Thisis agoodchoicefor anexamplesinceit requiresnon-standardexture coordi-
nategeneratior(andhenceapplicationor vertex-level computation)lt alsogivesmore
realisticappearancthanis typically seenin real-timerenderingevenon systemsawith
full shadingsupport.

2.3 Procedural Wood

Shouldbe able to morph between3D versionsof the different
wood sampledn [Figure 4]. ...agoodbasisis the wood shade
in The RenderManCompanion[9]. It shouldbe parameterize
for dark and light bands(color, width and transition)and also
different ne grainin the darkandlight bands(color, frequeny
and specularity). I'll try to get a betterscanto shav the last
effect—thereis avariationin the speculahighlightintensitythat
correlatesvell with the ne grainof someof thewood.

Sinceit shouldbe parameterizedbr all of thesethings,a simple
3D woodtexture won't cutit, but feel freeto uselD, 2D or 3D
texturesfor otherthingsif it makesit easier

L

This exampleis intendedto be more complex than the typical real-time shader
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(thoughnot ascomplex assomeof the 1000-lineshadersisedin softwarerendering).
A singlewood shaderwith a greatdegreeof parameterizatiorshouldgive all of usa
reasonablehallengan comparisorto therelative simplicity of the rst example.
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