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1 Introduction

This documentdescribesmodificationsto theOpenGLAPI to supporttheimmediate-modeuseof theStanford

real-timeshadinglanguage.We collectively referto theseextensionsastheshading-languageimmediate-mode

API. Theseextensionsareimplementedasa layeron top of regularOpenGL.

Theimmediate-modeAPI supportsthefollowing majoroperations:

1. Loadingthesourcecodefor a light shaderor surfaceshaderfrom a file.

2. Associatingoneor morelight shader(s)with asurfaceshaderto createacombinedsurface/lightshader.

3. Compilingacombinedsurface/lightshaderfor thecurrentgraphicshardware.

4. Selectinga compiledsurface/lightshaderto useasthecurrentshaderfor rendering.

5. Settingvaluesof shaderparameters.

Whena shaderis active,many OpenGLcommandsareno longerallowed,becausetheir functionalityis

providedthroughtheshadinglanguage.Thedisallowedcommandsfall into four majorcategories:

1. Fragment-processingcommands(e.g.fog, texturingmodes)

2. Texture-coordinategenerationandtransformationcommands

3. Lighting commands.

4. Material-propertycommands.

Whenusingour “lburg” multi-passfragmentbackend,commandsthat configureframebuffer blending

modesarealsoforbidden(instead,usetheCprev builtin variablewithin a shader).However, thesecommands

areallowedwith our “nv” fragmentbackend.

Using a forbiddenOpenGLcommandwhile a programmable-shaderis active will result in undefined

behavior.



2 Initialization

sglInit()

Theapplicationmustinitialize theprogrammableshadingsystemby callingsglInit() once,before

calling any othersgl* routines.

3 Loading shader source code

int sglShaderFile(GLuint shaderSourceID, char *shaderName, char *filename)

Loadsthe sourcecodefor the shadernamedshaderName from file filename, andassignsit the

identifier shaderCodeID. Any other shadersthat are specifiedin the file are ignored. The loadedshader

sourcecodebecomesthe active shadersourcecode. The specifiedshadermay be eithera light shaderor a

surfaceshader. shaderCodeID mustbeunusedwhenthis routineis called.Thereturncodeis 0 if therewere

no errors,1 if therewasanerror.

4 Compiling and activating shaders

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

treatsshadersourcecodeandcompiledshadersaslargelyseparateentities.

sglCompileShader(GLuint shaderID)

Compilesthecurrentshadersourcecode.Thecompiledshaderis assignedtheuser-specifiedidentifier

shaderID. If theshaderis a surfaceshader, it incorporatesany currentlyassociatedlight shaders(discussed

in thenext section).

The newly createdshaderbecomesthe ’active’ shader, as if sglBindShader()hadbeencalled. If the

shaderis a light shader, it is only active in the sensethat subsequentsglParameterHandle() calls will

apply to it. A light shadercanonly beactivatedfor renderingpurposesby associatingit with a surfaceshader

usingsglUseLight().

Thecurrentshadersourcecoderemainsunchangedby this call.

NotethatshaderID maynotbe-1, becausethisvalueis reservedfor SGL STD OPENGL, thestandard

OpenGLlighting/shadingmodel.

sglBindShader(GLuint shaderID)

Changesthe currently active shaderto that specifiedby shaderID. Note that it is illegal to render

geometrywhena light shaderis bound.

SpecifyingSGL STD OPENGL revertsto thestandardOpenGLlighting/shadingmodel.



5 Associating lights with a surface

For efficiency reasons,the shadingsystemmustknow which light shaderswill be usedwith a surfaceshader

beforethesurfaceshaderis compiled.

sglUseLight(GLuint lightShaderID)

This command binds a “compiled” light shader to the current surface-shadersource code.

lightShaderID indicatesthelight thatis to beassociatedwith thesurface.

More thanonelight canbeassociatedwith a surface,by callingsglUseLight() multiple times.

However, thesame(compiled)light shadermaynotbeusedmorethanoncewith asinglesurface.If two

identicallights arerequired,compilethe light shadertwice. Our systemimposesthis requirementbecausethe

lightShaderID is usedto specifyhow light parametersaremodified.“Identical” lightswill usuallyhavedifferent

parametervalues(e.g.position).

5.1 Settingparametervalues

For performancereasons,shaderparametersareidentifiedat rendering-timewith numericidentifiersratherthan

names.For eachcompiledshader, theprogrammercanchoosethebindingsfrom namesto numericidentifiers,

within someconstraints.We refer to the numericparameteridentifiersasparameter handles. Eachcompiled

surfaceor light shaderhasits own parameter-handlespace.

Thereis an importantadvantageto allowing theprogrammerto choosevaluesof parameterhandles.It

facilitatestheuseof a singlegeometryrenderingroutine(e.g. renderSphere)with differentsurfaceshaders,as

long astheprogrammerchoosesa consistentmappingof parameterhandlesto actualparametersfor all of the

relevantshaders.

sglParameterHandle(char *paramName, GLuint paramHandle)

AssignstheparameterhandleparamHandle to thecurrentshader’sparameterparamName. Thevalue

of paramHandlemustbebetween0 andSGL MAX PARAMHANDLE. Thevalueof SGL MAX PARAMHANDLE is

guaranteedto beno lessthan15.

sglParameter*(GLuint paramHandle, TYPE v, ����� )

sglParameter*v(GLuint paramHandle, TYPE *v)

Assignsavalueto theshaderparameter(s)specifiedbyparamHandle. For aper-vertex parameter, this

routinemaybecalledat any time. For a per-primitive parameter, this routinemayonly becalledoutsideof a

begin/endpair.

Becauseour shadinglanguagedoesnot explicitly identify shaderparametersas “colors” or “texture

coordinates”,theshadingsystemcannot automaticallyassigndefault valuesin themannerthatOpenGLdoes.

For example,in OpenGLa glColor3f commandautomaticallysetsthe fourth value(alpha)to the default



valueof 1.0. Whenusingour system,the usermustalwaysspecifyall four componentsof the color value.

Likewise,theusermustalwaysspecifyall four componentsof a texturevalue. For a 2D texture, thethird and

fourth valuesshouldusuallybesetto 0.0and1.0respectively.

The sglParameter* routine is available in sglParameter1*, sglParameter4*, and

sglParameter16* variants.ThesglParameter16* variantsareusedto specifymatrixparameters,using

OpenGL’sarrayformat.

If the shadinglanguagespecifiesa parameter’s typeaseitherclampf or clampfv, typeconversions

areperformedin thesamemannerasthey arefor theOpenGLglColor* routines(seeOpenGLRedBook,3rd

edition, Table4-1).1. In summary, integer-to-float conversionsareperformedsuchthat the maximuminteger

value(e.g. 255 for an unsignedbyte) mapsto 1.0. This behavior allows colorsandnormalsto be storedin

unsignedbytesin a naturalmanner.

Our shading languageuses textures, but the contentsof the textures are not defined using the

language. Texturesare definedby the applicationprogram,then passedto the shading-languageroutine as

a ’ texref’ parameter. Our systemrelies on OpenGL’s texture object facility (glBindTexture()). The

sglParameter1i or sglParameter1iv routinesareusedto specify ’ texref’ parameters.The valueof

theintegerparameteris thetextureName createdusingglBindTexture().

sglLightParameter*(GLuint lightShaderID, GLuint paramHandle, TYPE v, ����� )

sglLightParameter*v(GLuint lightShaderID, GLuint paramHandle, TYPE *v)

Assignsa value to the light parameterspecifiedby paramHandle. The “compiled” light shaderis

specifiedby lightShaderID. For a per-vertex parameter, this routine may be called at any time. For a

per-primitiveparameter, this routinemayonly becalledoutsideof a begin/endpair.

5.2 Light Pose

Theposeof a light (position,direction,andorientation)is setusinga routinedefinedfor thatpurpose.

sglLightPosefv(GLuint lightShaderID, GLuint pname, GLfloat *v)

pname canbeSGL POSITION, SGL DIRECTION, or SGL UPAXIS. The light directiondefinesthe

� �
axisin light space,andtheupaxisdefinesthe � axisin light space.

Thevectorv shouldalwaysbe a four-elementvector, andis consideredto be in modelview space(i.e.

transformedby themodelview matrixor its inversetranspose,asappropriate).For SGL POSITION, thefourth

elementof thevectorshouldusuallybesetto 1.0.ForSGL DIRECTION andSGL UPAXIS, thefourthelement

shouldusuallybesetto 0.0.

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

positive valuessymmetrically. For example,asigned-bytevalueof -127mapsto -1.0,whereasin OpenGLthevalueof -128mapsto -1.0



5.3 AmbientLight

sglAmbient*( ����� )

Specifythe global ambientcolor. This color is accessiblein surfaceshadersusingthe pre-definedCa

variable. If a surfaceshaderdoesnot usetheCa variable,theambientcolor will be ignored.This routinecan

not becalledinsidea Begin/Endpair.

6 Replacements for Standard OpenGL routines

6.1 Begin/EndandFlush/Finish

UsesglBegin(), sglEnd(), sglFlush(), andsglFinish() insteadof the correspondingstandard

OpenGLroutines. Using the standardOpenGLroutineswhile a programmableshaderis active will result in

undefinedbehavior.

6.2 Vertices,Normals,Tangents,Binormals

sglVertex*(TYPE v, ����� )

sglVertex*v(TYPE v, ����� )

sglNormal3*(TYPE v, ����� )

sglNormal3*v(TYPE v, ����� )

sglTangent3*(TYPE v, ����� )

sglTangent3*v(TYPE v, ����� )

sglBinormal3*(TYPE v, ����� )

sglBinormal3*v(TYPE v, ����� )

Verticesand local coordinate-framevectorsare passedusing our versionsof the classicalOpenGL

routines. The resultsof calling oneof the standardOpenGLroutineswhile a programmableshaderis active

areundefined.



6.3 Vertexarrays

To attainhigherframerateswhenusinglargemodels,theshadingsystemprovidessglParameterPointer,

sglEnableClientState,sglGetClientState,sglDisableClientState andsglDrawArrays.

Theseroutinesdiffer from the OpenGLroutinesin that they supportnot only arraysof vertices,normals,

binormalsor tangents,but alsoof any othershaderparameter. To setupvertex arrays,you have to follow a

basicthreestepprocedure,consistingof callsto:

1. sglParameterPointer

2. sglEnableClientState

3. sglDrawArrays.

First, the pointersto the parameterarrayshave to be specifiedby sglParameterPointer(int

handle, GLsizei size, GLenum type, GLsizei stride, float *pointer). Valid han-

dles are SGL VERTEX, SGL NOMRAL, SGL BINORMAL, SGL TANGENT or any parameter handle

obtainedfrom sglParameterHandle. The parameterssize, type, stride and pointer follow

standardOpenGLvertex-array conventions. Pleasenote that in the currentversionof the immediate-mode

API:

� GL FLOAT is theonly supportedtype.

� Stride shouldalways be set to 4 for SGL VERTEX, and to 3 for SGL NORMAL, SGL BINORMAL or

SGL TANGENT arrays.

After specifying all parameter arrays, they must be activated for rendering by calling

sglEnableClientState(int handle). Similar, an activatedparameterarraycanbe disabledagain

by callingsglDisableClientState(int handle).

To rendertheactualvertex arrayusingall activatedparameterarrays,call

sglDrawArrays(GLenum mode, GLint first, GLsizei count) which againfollows standard

OpenGLconventions.Pleasenotethatrenderingwill only occurif anSGL VERTEX arraywasbothspecified

andactivated.All otherparameterarraysareoptional.SGL NOMRAL, SGL BINORMAL andSGL TANGENT

aresetto constantdefaultvaluesif not provided.



7 Advanced features

7.1 Manual backendconfiguration

To offer manual control over which backends the shadingsystemshould use, the immediate-modein-

terface provides sglSetBackEndType(char* perprimitivegroup, char* vertex, char*

fragment). This routine presentsa wraper for the internal, low-level functions set bcodegen,

set vcodegen andset fcodegen.

Currently, therearetwo primitive-groupbackends(“cc” and“x86”), threevertex backends(“cc”, “x86”,

and“nv20”), andtwo fragmentbackends(“lb” and“nv”). “lb” is astandard-OpenGLbackend;“nv” is aregister-

combinerbackend.

7.2 Shaderparameterlist retrieval

Thefollowing two routinesallow a programto retrieve thelists of parametersrequiredby a surfaceshader. To

retrieve thenumberof parametersfor thecurrentsurfaceshader:

sglGetParameterCount(int *count) where count returnsthe total numberof parametersfor the

shader.

To retrieve thenameandnumberof valuesfor a specificparameter:

sglGetParameterInfo(int p, char **name, int *vcnt)wherep definestheparameterof the

currentshader, rangingfrom 0 to (1-count),namereturnsthenameof theparameterandvcntreturnsthenumber

of valuesfor this parameter. E.g. for afloat4parameter, vcnt would return4.

To retrieve thelistsof parametersrequiredby a light shader, usethefollowing routines:

sglGetLightParameterCount(int lightid, int *count)

sglGetLightParameterInfo(int lightid, int p, char **name, int *vcnt)

Both routinestake alightid asparameterthatspecifiesthelight for which informationshouldberetrieved.

8 Depth testing

Ideally, depthtestingworksexactlyasit doesin standardOpenGL.However, in someimplementations,incorrect

shadingmayoccurif two (potentiallyvisible) fragmentsat a pixel have exactly thesamedepth.This problem

only occursif animplementationusestheframebuffer for inter-passtemporarystoragein a multi-passshader.



9 Error Handling

The shadingsystemhasa flexible methodfor handlingerrors. Errorsaredivided into two classes,minor and

major. For eachclassof error, theapplicationcanchooseoneof four behaviors:

� SG MSG NONE – No messageis printed,andprogramexecutioncontinues.Errorscanonly bedetected

by polling for themusingsglGetError.

� SGL MSG WARN ONCE – A messageis printed for the first error that occurs,and programexecution

continues.No messageis printedfor subsequenterrors.

� SGL MSG WARN – A messageis printedfor everyerrorthatoccurs,andprogramexecutioncontinues.

� SGL MSG ABORT – Whenanerroroccurs,amesssageis printedandprogramexecutionis halted.

sglDebugLevel(int minor, int major)

Specifythebehavior for minorandmajorerrors.ThedefaultissglDebugLevel(SGL MSG WARN ONCE,

SGL MSG ABORT).

GLenum sglGetError(void)

Poll for anerror. If no errorhasoccurred,GL NO ERROR is returned.If anerrorhasoccurred,theerror

codeis returned.

const GLubyte* sglErrorString(GLenum errorCode)

Returnsa descriptivestringcorrespondingto anerrorcode.

10 System Tips

In our currentimplementation,everysglBegin/sglEnd pair is expensive. If possible,groupall primitives

into onesuchpair.

Becauseof restrictionsin currentgraphicshardware,if a translucentshaderis implementedusingmore

thanonehardwarepass,overlappingtransparentprimitiveswill not rendercorrectly. Youmustcall sglFlush

betweeneachgroupof 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.Â  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


