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1 About This Course

Or, “why dowewantto do real-timeshading,andwhy offer acourseon it?”
Over theyearsof graphicshardwaredevelopment,therehave beenobviousstrides

in the geometriccomplexity of objectsthat can be renderedin real-time. The �rst
statisticquotedfor any new pieceof graphicshardwareis the numberof polygonsit
canrenderpersecond.However, therehasalsobeena steadypaceof improvementin
appearancefor objectsrenderedin real-time(Figure1). Theseimprovementsareharder
to benchmarkandtendto comein jumpsacrosstheindustry. Nonetheless,noonetoday
wouldseriouslyconsiderbuy anew graphicssystemthatdid only �at shadingonly.

Comparethisto softwarerendering,wheretechniqueslikeproceduralshadinghave
beenin usefor 15-20years[3, 5, 8, 10]. Proceduralshadingis popularin a largepart
becauseof thepower it providesto customizetheappearanceof everythingyourender
by changingtheproceduresthatcontrolthatappearance.

In thepastfew years,we'vebegunto seegraphicshardwarethatcandosomeform
of proceduralshadingin real-time.This new freedomin expressingtheappearanceof
renderedobjectshasexcitedtheimaginationof peopleacrossthespectrumof interac-
tivegraphicsusers,includingeveryonefrom gamedevelopersto cardesigners.

However, thecapabilitiesandeaseof useof new real-timeshadinghardwarevaries
widely. This courseis designedto provide a solid comparisonof many of the latest
offerings. Evenaswe offer this course,hardwarecapabilitiesandsoftwareinterfaces
for themareimproving. Any attemptto show the“stateof theart”, is atbestasnapshot.
As such,thesenoteswill be but onesnapshot,andthe coursepresentationsanother.
While thenotesmayserveasastartingpoint,weencourageyou to checkthewebsites
of thevariouscoursepresentersfor thelatestdevelopmentsatandafterSIGGRAPH.

Figure 1: Progressionof hardware-acceleratedappearance:vector, �at shading,
Gouraudshading,2D Texture + Gouraudshading,2D Texture + per-vertex Phong,
3D ProceduralShader
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Thecourseitself is divided into two majorsections.Themorningpresenters(Bill
Mark from NVIDIA, JasonMitchell from ATI andMarc Olanofrom SGI) will focus
on the how the shaders that determinesurfaceappearancearedescribed.The after-
noonpresenters(ChasBoyd from Microsoft on DirectX, RandiRostfrom 3DLabson
OpenGL2.0andMichaelMcCool from theUniversityof WaterlooonAPI Designand
SMASH) will focus on API issues. That is, on the interfacefor using shadersand
shadedobjectswithin anapplication.

2 The Examples

To provide a commongroundfor comparison,eachpresenterin both sectionswill
show threecommonexampleson their latestandgreatestsystem.Thesewill besup-
plementedby their additionalexamplesfor eachpresenterto show off otherimportant
featuresof their system.

Thecommonexamplesarenot somucha benchmarkof performanceasa bench-
mark of easeof useandunderstanding.By using the samesetof examples,course
participantswill beableto comparethedifferenthardwareandsoftwareinterfaces.On
theotherhand,we haven't attemptedto de�ne theexamplestoo preciselysinceeach
systemhasits strengthsandweaknesses.If we'd de�ned every detailof theexamples,
we'd run thedangerof giving a falsecomparisonby thechanceoverlapwith strengths
for somesystemsandweaknessesfor others.Instead,theexamplesaremoreroughly
de�ned,giving eachpresentertheoptionto targettheir strengths— they wayyou'd do
it if youwerewriting theshaders.

Note thatnot all chaptersin thesenotesshow implementationof theexamples—
in somecasesmajorchangesareexpectedbetweenthecoursenotesdeadlineandSIG-
GRAPH. In thosecases,thesenotesincludereferencematerialthat may continueto
proveusefulfor thoseplatforms.

Thefollowing sectionsdescribeeachof thethreecommonexamples,includingthe
problemstatementgivento thepresentersat theoutsetof thecourse.

2.1 Shiny Bump Map

Environmentmappedbumpmapping... dependenttexturing,ev-
erybodyseemsto like it

The �rst examplecombinesenvironmentmapping,a commontechniquefor sim-
ulatingre�ection, with bumpmapping,a commontechniquefor simulating�ne-scale
surfacefeaturesthroughshadingwithoutchangingthesurfacegeometry. Thesetwo are
interestingwhenput togethersinceboth bump mapandenvironmentmapareresults
of texturing operations.Put together, they requiretheresultsof onetexture lookupto
in�uence thetexturecoordinatesusedin asecondlookup.

It' s also includedbecausebumpy-shiny things have becomea trite exampleson
recentgraphicshardware,beingappliedto practicallyeveryobjectin somecases.

Theproblemstatementintentionallyavoidsspecifyingexactly how thebumpmap
is computed.The traditional formulationoriginally proposedby Blinn usesa bump
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Figure2: Shiny BumpMapona low-tessellationtorus
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Figure3: Carrenderedwith HomomorphicBRDFfactorizationfor paintfrom [7], and
againwith environment-mapbasedFresnelre�ectancelayer on top of BRDF-based
paint

texturerepresentingagrey-scaleheightmapof thesurface[1]. Changesto theshading
normal are determinedfrom the gradientsof this bump map texture. Another for-
mulationsby Cabral,subtractsshiftedversionsof the texture in a techniquesimilar
to 3D imageembossingto computethe bump gradients[2]. Yet anotherformulation
by Fournierusesa texturemapcontainingsurfacenormals(a normalmap) insteadof
computingperturbationsto the original shadingnormals[4]. Any of theseor other
methodof computingthe bumpedsurfacenormalscould be used. Also, the shader
couldcomputesomeotherrelatedquantityratherthanthebumpednormalif it seems
moreef�cient.

Theproblemstatementalsoavoidsspecifyinghow theenvironmentmapis stored.
Onceagain,therearemany optionsthatmaymakemoreor lesssensefor certainimple-
mentations.All systemsin this coursecanrepresentenvironmentmapsin sphere map
form, asanimageof a re�ective sphere.Somecanalsousecubemapform, mapping
re�ection vectorsonto the facesof a cube,or parabolic mapform, asimagesof two
re�ectiveparaboloids[6].

2.2 Homomorphic BRDF Factorization

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

This is the run-timeaspectof McCool, Ang andAhmad's 2001SIGGRAPHpa-
per [7]. Thebulk of this paperdealtwith numericalfactorizationof arbitrarybidirec-
tional re�ectancedistribution functions(BRDFs)into combinationsof 2D textures.

A BRDF is a 4D function thatencodesthe re�ectanceof a surfacebasedon both
thedirectionof view (V = 2 dimensions)andtheincominglight direction(L = 2 dimen-
sions). Equipmentexists to measuretheBRDF of a realsurfaces,typically at a large
numberof discretelocationsfor both light andview directions.Giventhis BRDF, we
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Figure4: Scanof wood

cancreaterealisticrenderingsof many surfaces.However, thenatureof theBRDF as
a4D functionpreventits directusefor real-timerendering.

The homomorphicfactorizationmethodcomputesa least-squares�t to a full 4D
BRDF by a productof 2D textures,eachwith a uniquesetof texturecoordinatesde-
pendenton bothV andL. Themethoddoesn't constrainthechoiceof texturecoordi-
natesfor each2D texture,but goodresultswereobtainedin the original paperusing
onetexturelookupindexedbyV, oneindexedby L (actuallythesametextureusedover
again)andoneindexedby H = V + L, all expressedin the local tangentcoordinates.
This setof texturesmakessomephysicalsenserelative to “microfacet” BRDF mod-
els that model the surfaceasa distribution of microscopicperfectlyre�ective facets.
TheH texturecanbeinterpretedastheprobabilityany microfacetwill have thegiven
orientation,H. TheV andL texturescanbeinterpretedasshadowing andmaskingof
somemicrofacetsby otherfacets.

This is a goodchoicefor anexamplesinceit requiresnon-standardtexturecoordi-
nategeneration(andhenceapplicationor vertex-level computation).It alsogivesmore
realisticappearancethanis typically seenin real-timerendering,evenonsystemswith
full shadingsupport.

2.3 ProceduralWood

Shouldbe able to morph between3D versionsof the different
wood samplesin [Figure 4]. ...agoodbasisis the wood shader
in The RenderManCompanion[9]. It shouldbe parameterized
for dark and light bands(color, width and transition)and also
different�ne grain in thedarkandlight bands(color, frequency
and specularity). I' ll try to get a betterscanto show the last
effect– thereis avariationin thespecularhighlight intensitythat
correlateswell with the�ne grainof someof thewood.
Sinceit shouldbeparameterizedfor all of thesethings,a simple
3D wood texturewon't cut it, but feel free to use1D, 2D or 3D
texturesfor otherthingsif it makesit easier.

This example is intendedto be more complex than the typical real-timeshader
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(thoughnot ascomplex assomeof the1000-lineshadersusedin softwarerendering).
A singlewoodshader, with a greatdegreeof parameterization,shouldgive all of usa
reasonablechallengein comparisonto therelativesimplicity of the�rst example.
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