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1 Introduction

This documentdescribesnodificationsto the OpenGLAPI to supporttheimmediate-modeseof the Stanford
real-timeshadinganguageWe collectively referto theseextensionsasthe shading-languagenmediate-mode
API. Theseextensionsareimplementecdasa layeron top of regularOpenGL.

Theimmediate-modéPI supportghefollowing majoroperations:
1. Loadingthe sourcecodefor alight shaderor surfaceshaderfrom afile.
2. Associatingoneor morelight shader(syvith asurfaceshadetto createa combinedsurface/lightshader
3. Compilinga combinedsurface/lightshadeifor the currentgraphicshardware.
4. Selectinga compiledsurface/lightshadetto useasthe currentshadeffor rendering.
5. Settingvaluesof shadeparameters.

Whenashadeiis active, mary OpenGLcommandsareno longerallowed,becauséheir functionalityis

providedthroughthe shadinganguageThedisalloved commandsall into four major categories:
1. Fragment-processingommandge.g.fog, texturing modes)
2. Texture-coordinatgeneratiorandtransformatiorcommands
3. Lighting commands.
4. Material-propertycommands.

Whenusingour “lburg” multi-passfragmentbaclend, commandghat configureframetuffer blending
modesarealsoforbidden(instead usethe Cpr ev builtin variablewithin a shader) However, thesecommands
areallowedwith our“nv” fragmentbaclend.

Using a forbiddenOpenGLcommandwhile a programmable-shadés active will resultin undefined

behaior.



2 Initialization

sgllnit()
The applicationmustinitialize the programmableshadingsystemby callingsgl | ni t () once,before

callingany othersgl * routines.

3 Loading shader source code

i nt sgl ShaderFi | e(GLui nt shader Sourcel D, char *shader Name, char *fil enamne)

Loadsthe sourcecodefor the shademamedshader Nane from file f i | ename, and assignst the
identifier shader Codel D. Any other shaderghat are specifiedin the file areignored. The loadedshader
sourcecode becomesghe active shadersourcecode. The specifiedshadermay be eithera light shaderor a
surfaceshadershader Codel D mustbeunusedvhenthis routineis called. Thereturncodeis 0 if therewere

noerrors,1if therewasanerror.

4 Compiling and activating shaders

After the sourcecodefor a shaderis loaded,but beforeit is used,the shademustbe compiled. Our system

treatsshadessourcecodeandcompiledshadersaslargely separatentities.

sgl Conpi | eShader (GLui nt shader | D)

Compilesthe currentshadersourcecode. The compiledshadelis assignedhe userspecifiedidentifier
shader | D. If the shadelis a surfaceshaderit incorporatesary currentlyassociatedight shadergdiscussed
in the next section).

The newly createdshaderbecomeghe 'active’ shaderasif sglBindShader(hadbeencalled. If the
shadeiis a light shaderit is only active in the sensethat subsequens gl Par anet er Handl e() callswill
applytoit. A light shadercanonly be activatedfor renderingpurposesy associatingt with a surfaceshader
usingsgl UseLi ght ().

Thecurrentshadeisourcecoderemainsunchangedby this call.

Notethatshader | Dmaynotbe-1, becausghis valueis resenedfor SGL_STD_.OPENG., the standard
OpenGLlighting/shadingmodel.

sgl Bi ndShader (GLui nt shader | D)

Changeghe currently active shaderto that specifiedby shader | D. Note thatit is illegal to render
geometrywhenalight shadetis bound.
SpecifyingSGL._STD_OPENGL revertsto the standardOpenGLlighting/shadingnodel.



5 Associating lightswith a surface

For efficiengy reasonsthe shadingsystemmustknow which light shaderswill be usedwith a surfaceshader

beforethe surfaceshadeiis compiled.

sgl UseLi ght (GLui nt |i ght Shader | D)

This command binds a “compiled” light shaderto the current surface-shadersource code.
I i ght Shader | Dindicateshelight thatis to beassociateavith the surface.

More thanonelight canbeassociateavith a surface by callingsgl UseLi ght () multiple times.

However, thesame(compiled)light shademaynot beusedmorethanoncewith a singlesurface.If two
identicallights arerequired,compilethe light shadeitwice. Our systemimposeshis requiremenbecausehe
lightShaderID is usedto specifyhow light parameteraremodified.“Identical” lightswill usuallyhave different

parameteralues(e.g. position).

5.1 Settingparametervalues

For performanceeasonsshadeparameterareidentifiedatrendering-timewith numericidentifiersratherthan
names.For eachcompiledshaderthe programmercanchoosethe bindingsfrom namego numericidentifiers,
within someconstraints.We refer to the numericparameteidentifiersas parameter handles. Eachcompiled
surfaceor light shadethasits own parametethandlespace.

Thereis animportantadvantageto allowing the programmeto choosevaluesof parametehandles.It
facilitatesthe useof a singlegeometryrenderingroutine (e.g. renderSphereyith differentsurfaceshadersas
long asthe programmerchooses consistenmappingof parametehandlegto actualparametersor all of the

relevantshaders.

sgl Par anet er Handl e(char *paranName, GLui nt paranHandl e)

Assignstheparametehandlepar anHandl e tothecurrentshadersparametepar amNane. Thevalue
of paramHandlenustbe betweerD andSGL _MAX_PARAMHANDL E. Thevalueof SGL_MAX_PARAMHANDLE is

guaranteedo benolessthan15.

sgl Paraneter*(GLui nt paranHandle, TYPE v, ... )

sgl Paranet er *v( GLui nt paranHandl e, TYPE *v)

Assignsavalueto theshadeiparameter(s3pecifiedoy par anmHandl e. For apervertex parameterthis
routinemay be calledat ary time. For a perprimitive parameterthis routinemay only be called outsideof a
begin/endpair.

Becauseour shadinglanguagedoesnot explicitly identify shaderparameterss “colors” or “texture
coordinates”the shadingsystemcannot automaticallyassigndefault valuesin the mannerthatOpenGLdoes.

For example,in OpenGLa gl Col or 3f commandautomaticallysetsthe fourth value (alpha)to the default



value of 1.0. Whenusingour system,the usermustalways specify all four componentf the color value.
Likewise, the usermustalwaysspecifyall four component®f atexture value. For a 2D texture, the third and
fourth valuesshouldusuallybe setto 0.0and1.0respectiely.

The sgl Par anet er* routine is available in sgl Paranet er 1*, sgl Paranet er4*, and
sgl Par anet er 16* variants.Thesgl Par anet er 16* variantsareusedo specifymatrix parametersjsing
OpenGLsarrayformat.

If the shadinglanguagespecifiesa parametes type aseithercl anpf or cl anpf v, type corversions
areperformedn thesamemanneiasthey arefor theOpenGLgl Col or * routines(seeOpenGLRedBook, 3rd
edition, Table4-1).1. In summary integerto-float corversionsare performedsuchthat the maximuminteger
value (e.g. 255 for an unsignedbyte) mapsto 1.0. This behaior allows colors and normalsto be storedin
unsignedbytesin a naturalmanner

Our shadinglanguageusestextures, but the contentsof the textures are not defined using the
language. Texturesare definedby the applicationprogram,then passedo the shading-languageoutine as
a 'texref’ parameter Our systemrelies on OpenGLs texture object facility (gl Bi ndTexture()). The
sgl Paramet er 1i or sgl Par anet er 1i v routinesare usedto specify’texref’ parametersThe value of

theintegerparameters thetextureName createdusinggl Bi ndText ur e() .

sgl Li ght Par amet er *( GLui nt |i ght Shader| D, GLui nt paranHandl e, TYPE v, ... )
sgl Li ght Par amet er *v( GLui nt |i ght Shader| D, G.ui nt paranmHandl e, TYPE *v)

Assignsa valueto the light parametesspecifiedby par anHandl e. The “compiled” light shaderis
specifiedby | i ght Shader | D. For a pervertex parameterthis routine may be called at ary time. For a

perprimitive parameterthis routinemayonly be calledoutsideof a begin/endpair.

5.2 Light Pose
Theposeof alight (position,direction,andorientation)is setusinga routinedefinedfor thatpurpose.

sgl Li ght Posef v(GLui nt |ight ShaderI D, GLui nt pname, G.float *v)
pname canbe SGL_PCSI Tl ON, SG._DI RECTI ON, or SGL_UPAXI S. Thelight directiondefinesthe

—Z axisin light spaceandthe up axisdefinestheY axisin light space.

The vectorv shouldalwaysbe a four-elementvector, andis consideredo be in modelviev space(i.e.
transformedy the modelviav matrix or its inversetransposeasappropriate) For SGL_POSI Tl ON, thefourth
elemenbf thevectorshouldusuallybesetto 1.0. For SGL_DI RECTI ONandSGL_UPAXI S, thefourthelement

shouldusuallybesetto 0.0.

1For implementatiorsimplicity, our systemdeviatesfrom the behaior in Table4-1in a minor way. Our systemtreatsnegative and

positive valuessymmetrically For example,a signed-bytevalueof -127 mapsto -1.0,whereasn OpenGLthevalueof -128mapsto -1.0



5.3 AmbientLight

sgl Ambient*( ... )
Specifythe global ambientcolor. This color is accessiblén surfaceshaderasingthe pre-definedCa

variable. If a surfaceshaderdoesnot usethe Ca variable,the ambientcolor will beignored. This routinecan

notbecalledinsidea Begin/Endpair.

6 Replacementsfor Standard OpenGL routines

6.1 Begin/Endand Flush/Finish

Usesgl Begi n(), sgl End(), sgl Fl ush(), andsgl Fi ni sh() insteadof the correspondingtandard
OpenGLroutines. Using the standardOpenGLroutineswhile a programmableshaderis active will resultin

undefinedoehavior.

6.2 Vertices,Normals, Tangents,Binormals

sgl Vertex*(TYPE v, ... )

sgl Vertex*v(TYPE v, ... )
sgl Normal 3*(TYPE v, ... )
sgl Normal 3*v(TYPE v, ... )
sgl Tangent 3*(TYPE v, ... )
sgl Tangent 3*v(TYPE v, ... )
sgl Bi normal 3*(TYPE v, ... )

sgl Bi nornmal 3*v(TYPE v, ... )

Verticesand local coordinate-framevectorsare passedusing our versionsof the classicalOpenGL
routines. The resultsof calling one of the standardOpenGLroutineswhile a programmableshaderis active

areundefined.



6.3 \ertexarrays

To attainhigherframerateswhenusinglargemodels theshadingsystenmprovidess gl Par anet er Poi nt er
sgl Enabl ed i ent St at e,sgl Get d i ent St at e,sgl Di sabl eCl i ent St at e andsgl Dr awAr r ays.
Theseroutinesdiffer from the OpenGLroutinesin that they supportnot only arraysof vertices,normals,
binormalsor tangentsbut also of arny othershademparameter To setupvertex arrays,you have to follow a

basicthreestepprocedureconsistingof callsto:
1. sgl Par anet er Poi nt er
2. sgl EnableCientState

3. sgl DrawArr ays.

First, the pointersto the parameterarrayshave to be specifiedby sgl Par anmet er Poi nt er (i nt
handl e, G.sizei size, Genumtype, CGLsizei stride, float *pointer). Validhan-
dles are SCL_.VERTEX, SGL_NOVRAL, SGL_BI NORMAL, SCL_TANGENT or ary parameterhandle
obtainedfrom sgl Par anet er Handl e. The parameterssi ze, t ype, stri de andpoi nt er follow

standardOpenGL vertex-array corventions. Pleasenote that in the currentversionof the immediate-mode
API:

e GL_FLOAT istheonly supportedype.

e Stride shouldalways be setto 4 for SG._VERTEX, andto 3 for SGL_NORVAL, SG._BI NORMAL or
SGL_TANGENT arrays.

After specifying all parameter arrays, they must be actvated for rendering by calling
sgl Enabl e i ent St at e(i nt handl e) . Similar, an activatedparameteiarray can be disabledagain
by callingsgl Di sabl e i ent State(int handl e).

To rendertheactualvertex arrayusingall activatedparametearrays.call
sgl DrawArrays(GLenum nmode, CGLint first, GLsizei count) whichagainfollows standard
OpenGLcorventions.Pleasenotethatrenderingwill only occurif an SGL.VERTEX arraywasbothspecified
andactivated.All otherparametearraysareoptional. SGL_NOVRAL, SGL_Bl NORVAL andSGL_TANGENT
aresetto constantefaultvaluesif notprovided.



7 Advanced features

7.1 Manual backendconfiguration

To offer manual control over which backends the shading system should use, the immediate-modein-
terface provides sgl Set BackEndType(char* perprimntivegroup, char* vertex, char*
fragnment). This routine presentsa wraper for the internal, low-level functions set _bcodegen,
set vcodegen andset _f codegen.

Currently therearetwo primitive-groupbaclends(“cc” and“x86"), threevertex backends(“cc”, “x86”,
and“nv20”), andtwo fragmentbaclends(“Ib” and“nv”). “Ib” is astandard-OpenGhaclend;“nv” is aregister

combinerbackend.

7.2 Shaderparameterist retrieval

Thefollowing two routinesallow a programto retrieve thelists of parametersequiredby a surfaceshader To
retrieve thenumberof parametergor the currentsurfaceshader:
sgl Get Par anet er Count (i nt *count) where countreturnsthe total numberof parameterdor the

shader

To retrieve the nameandnumberof valuesfor a specificparameter:
sgl Get Parameterinfo(int p, char **nane, int *vcnt) wherepdefinegsheparameteofthe
currentshaderrangingfrom 0 to (1-count),namereturnsthe nameof theparameteandvcntreturnsthenumber

of valuesfor this parameterE.g. for afloat4 parametervcnt would return4.

To retrieve thelists of parametersequiredby alight shaderusethefollowing routines:
sgl Get Li ght Paraneter Count (int lightid, int *count)
sgl Get Li ght Paraneterinfo(int lightid, int p, char **name, int *vcnt)

Bothroutinestake al i ght i d asparametethatspecifieghelight for which informationshouldberetrieved.

8 Depth testing

Ideally, depthtestingworksexactlyasit doesin standardpenGL However, in somemplementationsncorrect
shadingmay occurif two (potentiallyvisible) fragmentsat a pixel have exactly the samedepth. This problem

only occursif animplementatiorusesthe framehuffer for inter-passtemporarystoragan a multi-passshader



9 Error Handling

The shadingsystemhasa flexible methodfor handlingerrors. Errorsaredivided into two classesminor and

major. For eachclassof error, the applicationcanchooseoneof four behaiors:

o SG.MSG.NONE — No messagés printed,and programexecutioncontinues.Errorscanonly be detected

by polling for themusingsgl Get Err or .

e SCL_MSGWARN_ONCE — A messageés printed for the first error that occurs,and programexecution

continuesNo messagés printedfor subsequergrrors.
e SG._MBGWARN - A messagés printedfor every errorthatoccurs,andprogramexecutioncontinues.

e SGA._MBGABORT — Whenanerroroccursamesssages printedandprogramexecutionis halted.

sgl DebugLevel (int mnor, int ngjor)

Specifythebehavior for minorandmajorerrors.Thedefaultissgl DebuglLevel ( SG. _M5GWARN_ONCE,
SGL_MSG_ABORT) .
GLenum sgl CGet Error (voi d)

Poll for anerror. If no errorhasoccurred @ _NO_ERRORis returned.If anerrorhasoccurredtheerror
codeis returned.
const CGLubyte* sgl ErrorString(G.enum error Code)

Returnsa descriptve string correspondingo anerrorcode.

10 System Tips

In our currentimplementationgvery sgl Begi n/sgl End pair is expensve. If possible groupall primitives
into onesuchpair.

Becausef restrictionsin currentgraphicshardware,if atranslucenshadelis implementedusingmore
thanonehardwarepasspverlappingtransparenprimitiveswill notrendercorrectly Youmustcall sgl Fl ush

betweereachgroupof potentiallyoverlappingprimitivesto avoid this problem.



One example of "immediate mode" is using glBegin and glEnd with glVertex in between them. Another example of "immediate mode" is
to use glDrawArrays with a client vertex array (i.e. not a vertex buffer object). You will usually never want to use immediate mode (except
maybe for your first "hello world" program) because it is deprecated functionality and does not offer optimal performance. The reason
why immediate mode is not optimal is that the graphic card is linked directly with your program's flow.A Immediate mode does have the
advantage of being dead simple to use, but then again using OpenGL properly in a non-deprecated way is not precisely rocket science
either -- it only takes very little extra work. Here is the typical OpenGL "Hello World" code in immediate mode



