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An Introduction to the An Introduction to the 
OpenGL Shading LanguageOpenGL Shading Language

Keith OKeith O’’ConorConor

OutlineOutline

•• How the fixed function pipeline worksHow the fixed function pipeline works
•• How itHow it’’s replaced by GLSLs replaced by GLSL
•• Structure & syntax nittyStructure & syntax nitty--grittygritty
•• How to integrate GLSL into OpenGL appsHow to integrate GLSL into OpenGL apps
•• Some simple examplesSome simple examples
•• ResourcesResources

Who? When? Why?!Who? When? Why?!

•• ARB GL2 workgroupARB GL2 workgroup
–– Included in OpenGL 2.0Included in OpenGL 2.0

•• February 27, 2003February 27, 2003
–– OpenGL Shading Language draft releasedOpenGL Shading Language draft released

•• Advances in hardwareAdvances in hardware
–– Just not feasible before nowJust not feasible before now

•• Specific operations in specific order = fast hardwareSpecific operations in specific order = fast hardware
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In GeneralIn General……

•• Vertex processes programmedVertex processes programmed
–– Vertex TransformationVertex Transformation
–– Normal Transformation, NormalizationNormal Transformation, Normalization
–– LightingLighting
–– Texture Coordinate Generation and Texture Coordinate Generation and 

Transformation Transformation 
•• Fragment processes programmedFragment processes programmed

–– Texture accesses & applicationTexture accesses & application
–– FogFog

Previous programmabilityPrevious programmability

•• Texture ShadersTexture Shaders
•• Register CombinersRegister Combiners
•• Assembly programsAssembly programs

–– ARB_vertex_programARB_vertex_program
–– ARB_fragment_programARB_fragment_program
–– Messy!Messy!

•• Needed general, readable & maintainable Needed general, readable & maintainable 
languagelanguage

TypesTypes

voidvoid

float  vec2  vec3  vec4float  vec2  vec3  vec4

mat2  mat3  mat4mat2  mat3  mat4

int  int  ivec2  ivec3  ivec4ivec2  ivec3  ivec4

bool  bool  bvec2  bvec3  bvec4bvec2  bvec3  bvec4

samplersamplernnDD, , samplerCubesamplerCube, , 
samplerShadowsamplerShadownnDD

TypesTypes

•• StructsStructs
•• ArraysArrays

–– One dimensionalOne dimensional
–– Constant size (ie Constant size (ie float array[4];float array[4];))

•• Reserved typesReserved types
–– half  hvec2  hvec3  hvec4half  hvec2  hvec3  hvec4
–– fixed  fvec2  fvec3  fvec4fixed  fvec2  fvec3  fvec4

–– double  dvec2  dvec3  dvec4double  dvec2  dvec3  dvec4

Type qualifiersType qualifiers

•• attributeattribute
–– Changes perChanges per--vertexvertex

•• eg. position, normal etc.eg. position, normal etc.

•• uniformuniform
–– Does not change between vertices of a batchDoes not change between vertices of a batch

•• eg light position, texture unit, other constantseg light position, texture unit, other constants

•• varyingvarying
–– Passed from VS to FS, interpolatedPassed from VS to FS, interpolated

•• eg texture coordinates, vertex coloreg texture coordinates, vertex color
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OperatorsOperators

•• grouping:  ()grouping:  ()
•• array subscript:  []array subscript:  []

•• function call and constructor:  ()function call and constructor:  ()

•• field selector and swizzle:  .field selector and swizzle:  .

•• postfix:  ++  postfix:  ++  ----

•• prefix:  ++  prefix:  ++  ---- +  +  -- !!

OperatorsOperators

•• binary:  *  /  +  binary:  *  /  +  --
•• relational:  <  <=  >  >=relational:  <  <=  >  >=

•• equality:  ==  != equality:  ==  != 

•• logical:  &&  ^^  ||logical:  &&  ^^  ||

•• selection:  ?:selection:  ?:

•• assignment:  =  *=  /=  +=  assignment:  =  *=  /=  +=  --==

Reserved OperatorsReserved Operators

•• prefix:  ~ prefix:  ~ 
•• binary:  %binary:  %

•• bitwise:  <<  >>  &  ^  |bitwise:  <<  >>  &  ^  |

•• assignment:  %=  <<=  >>=  &=  ^=  assignment:  %=  <<=  >>=  &=  ^=  
|=|=

Scalar/Vector ConstructorsScalar/Vector Constructors
•• No castingNo casting
float f; float f; intint i; i; boolbool b;b;
vec2 v2; vec3 v3; vec4 v4;vec2 v2; vec3 v3; vec4 v4;

vec2(1.0 ,2.0)vec2(1.0 ,2.0)
vec3(0.0 ,0.0 ,1.0)vec3(0.0 ,0.0 ,1.0)
vec4(1.0 ,0.5 ,0.0 ,1.0)vec4(1.0 ,0.5 ,0.0 ,1.0)
vec4(1.0)vec4(1.0) // all 1.0// all 1.0
vec4(v2 ,v2)vec4(v2 ,v2)
vec4(v3 ,1.0)vec4(v3 ,1.0)

float(i)float(i)
intint(b)(b)

Matrix ConstructorsMatrix Constructors
vec4 v4; mat4 m4;vec4 v4; mat4 m4;

mat4( 1.0, 2.0, 3.0, 4.0,   mat4( 1.0, 2.0, 3.0, 4.0,   
5.0, 6.0, 7.0, 8.0, 5.0, 6.0, 7.0, 8.0, 
9.0, 10., 11., 12.,   9.0, 10., 11., 12.,   
13., 14., 15., 16.)   13., 14., 15., 16.)   // row major// row major

mat4( v4, v4, v4, v4)mat4( v4, v4, v4, v4)
mat4( 1.0)mat4( 1.0) // identity matrix// identity matrix
mat3( m4)mat3( m4) // upper 3x3// upper 3x3
vec4( m4)vec4( m4) // 1st column// 1st column
float( m4) float( m4) // upper 1x1// upper 1x1

Accessing componentsAccessing components

•• component component accessoraccessor for vectorsfor vectors
–– xyzw  rgba  stpq  xyzw  rgba  stpq  [i][i]

•• component component accessoraccessor for matricesfor matrices

–– [i]  [i][j][i]  [i][j]
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Vector componentsVector components
vec2 v2;vec2 v2;
vec3 v3;vec3 v3;
vec4 v4;vec4 v4;

v2.xv2.x // is a float// is a float
v2.zv2.z // // wrong: undefined for typewrong: undefined for type
v4.v4.rgbargba // is a vec4// is a vec4
v4.v4.stpstp // is a vec3// is a vec3
v4.bv4.b // is a float// is a float
v4.v4.xyxy // is a vec2// is a vec2
v4.v4.xgpxgp // // wrong: mismatched component setswrong: mismatched component sets

Swizzling & SmearingSwizzling & Smearing

•• RR--valuesvalues

vec2 v2;vec2 v2;
vec3 v3;vec3 v3;
vec4 v4;vec4 v4;

v4.v4.wzyxwzyx // swizzles, is a vec4// swizzles, is a vec4
v4.v4.bgrabgra // swizzles, is a vec4// swizzles, is a vec4
v4.v4.xxxxxxxx // smears x, is a vec4// smears x, is a vec4
v4.xxxv4.xxx // smears x, is a vec3// smears x, is a vec3
v4.v4.yyxxyyxx // duplicates x and y, is a vec4// duplicates x and y, is a vec4
v2.v2.yyyyyyyy // // wrong: too many components for typewrong: too many components for type

Vector ComponentsVector Components
•• LL--valuesvalues

vec4 v4 = vec4( 1.0, 2.0, 3.0, 4.0);vec4 v4 = vec4( 1.0, 2.0, 3.0, 4.0);

v4.v4.xwxw = vec2( 5.0, 6.0);= vec2( 5.0, 6.0); // (5.0, 2.0, 3.0, 6.0)// (5.0, 2.0, 3.0, 6.0)
v4.v4.wxwx = vec2( 7.0, 8.0);= vec2( 7.0, 8.0); // (8.0, 2.0, 3.0, 7.0)// (8.0, 2.0, 3.0, 7.0)
v4.xx = vec2( 9.0,10.0);v4.xx = vec2( 9.0,10.0); // // wrong: x used twicewrong: x used twice
v4.v4.yzyz = 11.0;= 11.0; // // wrong: type mismatchwrong: type mismatch
v4.v4.yzyz = vec2( 12.0 ); = vec2( 12.0 ); // (8.0,12.0,12.0, 7.0)// (8.0,12.0,12.0, 7.0)

Flow ControlFlow Control

•• expression ? expression ? trueExpressiontrueExpression : : 
falseExpressionfalseExpression

•• if, ifif, if--elseelse
•• for, while, dofor, while, do--whilewhile
•• return, break, continuereturn, break, continue
•• discard (fragment only)discard (fragment only)

BuiltBuilt--in variablesin variables

•• Attributes & uniformsAttributes & uniforms
•• For ease of programmingFor ease of programming
•• OpenGL state mapped to variablesOpenGL state mapped to variables
•• Some special variables are required to be Some special variables are required to be 

written to, others are optionalwritten to, others are optional

Special builtSpecial built--insins

•• Vertex shaderVertex shader
vec4  vec4  glgl_Position;      _Position;      // must be written// must be written
vec4  vec4  glgl__ClipPositionClipPosition;  ;  // may be written// may be written
float float glgl__PointSizePointSize;     ;     // may be written// may be written

•• Fragment shaderFragment shader
float float glgl__FragColorFragColor;     ;     // may be written// may be written
float float glgl__FragDepthFragDepth;     ;     // may be read/written// may be read/written
vec4  vec4  glgl__FragCoordFragCoord;     ;     // may be read// may be read
bool  glbool  gl__FrontFacingFrontFacing;   ;   // may be read// may be read
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AttributesAttributes
•• BuiltBuilt--inin
attribute vec4  attribute vec4  glgl_Vertex;_Vertex;
attribute vec3  attribute vec3  glgl_Normal;_Normal;
attribute vec4  attribute vec4  glgl_Color;_Color;
attribute vec4  attribute vec4  glgl__SecondaryColorSecondaryColor;;
attribute vec4  attribute vec4  glgl__MultiTexCoordMultiTexCoordnn;;
attribute float attribute float glgl__FogCoordFogCoord;;

•• UserUser--defineddefined
attribute vec3  attribute vec3  myTangentmyTangent;;
attribute vec3  attribute vec3  myBinormalmyBinormal;;
EtcEtc……

BuiltBuilt--in Uniformsin Uniforms
uniform   mat4  uniform   mat4  glgl__ModelViewMatrixModelViewMatrix;;
uniform   mat4  uniform   mat4  glgl__ProjectionMatrixProjectionMatrix;;
uniform   mat4  uniform   mat4  glgl__ModelViewProjectionMatrixModelViewProjectionMatrix;;
uniform   mat3  uniform   mat3  glgl__NormalMatrixNormalMatrix;;
uniform   mat4  uniform   mat4  glgl__TextureMatrixTextureMatrix[[nn];];

structstruct glgl__MaterialParametersMaterialParameters {{
vec4  emission;vec4  emission;
vec4  ambient;vec4  ambient;
vec4  diffuse;vec4  diffuse;
vec4  vec4  specularspecular;;
float shininess;float shininess;

};};
uniform uniform glgl__MaterialParametersMaterialParameters glgl__FrontMaterialFrontMaterial;;
uniform uniform glgl__MaterialParametersMaterialParameters glgl__BackMaterialBackMaterial;;

BuiltBuilt--in Uniformsin Uniforms
structstruct glgl__LightSourceParametersLightSourceParameters {{

vec4  ambient;             vec4  ambient;             
vec4  diffuse;             vec4  diffuse;             
vec4  vec4  specularspecular;            ;            
vec4  position;            vec4  position;            
vec4  vec4  halfVectorhalfVector;          ;          
vec3  vec3  spotDirectionspotDirection;       ;       
float float spotExponentspotExponent;        ;        
float float spotCutoffspotCutoff;;
float float spotCosCutoffspotCosCutoff;       ;       
float float constantAttenuationconstantAttenuation
float float linearAttenuationlinearAttenuation
float float quadraticAttenuationquadraticAttenuation

};};
Uniform Uniform glgl__LightSourceParametersLightSourceParameters

glgl__LightSourceLightSource[[glgl__MaxLightsMaxLights];];

BuiltBuilt--in Varyingsin Varyings

varying   vec4  varying   vec4  glgl__FrontColorFrontColor // vertex// vertex
varying   vec4  varying   vec4  glgl__BackColorBackColor;; // vertex// vertex
varying   vec4  varying   vec4  glgl__FrontSecColorFrontSecColor;; //// vertexvertex
varying   vec4  varying   vec4  glgl__BackSecColorBackSecColor;; // vertex// vertex

varying   vec4  varying   vec4  glgl_Color;_Color; // fragment// fragment
varying   vec4  varying   vec4  glgl__SecondaryColorSecondaryColor;; // fragment// fragment

varying   vec4  varying   vec4  glgl__TexCoordTexCoord[];[]; // both// both
varying   float varying   float glgl__FogFragCoordFogFragCoord;; // both// both

BuiltBuilt--in functionsin functions

•• Angles & TrigonometryAngles & Trigonometry
–– radians, degrees, sin, radians, degrees, sin, coscos, tan, , tan, asinasin, , 

acosacos, , atanatan

•• ExponentialsExponentials
–– powpow, exp2, log2, , exp2, log2, sqrtsqrt, , inversesqrtinversesqrt

•• CommonCommon
–– abs, sign, floor, ceil, abs, sign, floor, ceil, fractfract, mod, min, , mod, min, 

max, clampmax, clamp

BuiltBuilt--in functionsin functions

•• InterpolationsInterpolations
–– mixmix(x,y,a)(x,y,a) x*( 1.0x*( 1.0--a) + y*aa) + y*a))
–– stepstep(edge,x)(edge,x) x <= edge ? 0.0 : 1.0x <= edge ? 0.0 : 1.0
–– smoothstepsmoothstep(edge0,edge1,x)(edge0,edge1,x)

t = (xt = (x--edge0)/(edge1edge0)/(edge1--edge0);edge0);
t = clamp( t, 0.0, 1.0);t = clamp( t, 0.0, 1.0);
return t*t*(3.0return t*t*(3.0--2.0*t);2.0*t);
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BuiltBuilt--in functionsin functions

•• GeometricGeometric
–– length, distance, cross, dot, normalize, length, distance, cross, dot, normalize, 

faceForward, reflectfaceForward, reflect
•• MatrixMatrix

–– matrixCompMultmatrixCompMult
•• Vector relationalVector relational

–– lessThan, lessThan, lessThanEquallessThanEqual, , greaterThangreaterThan, , 
greaterThanEqualgreaterThanEqual, equal, , equal, notEqualnotEqual, , 
notEqualnotEqual, any, all, any, all

BuiltBuilt--in functionsin functions

•• TextureTexture
–– texture1D, texture2D, texture3D, texture1D, texture2D, texture3D, 

textureCubetextureCube
–– texture1DProj, texture2DProj, texture1DProj, texture2DProj, 

texture3DProj, textureCubeProjtexture3DProj, textureCubeProj
–– shadow1D, shadow2D, shadow1DProj, shadow1D, shadow2D, shadow1DProj, 

shadow2Dprojshadow2Dproj

•• VertexVertex
–– ftransformftransform

Example: Vertex ShaderExample: Vertex Shader
varying vec4varying vec4 diffuseColor;diffuseColor;
varying vec3varying vec3 fragNormal;fragNormal;
varying vec3varying vec3 lightVector;lightVector;

uniform vec3uniform vec3 eyeSpaceLightVector;eyeSpaceLightVector;

voidvoid main(){main(){

vec3vec3 eyeSpaceVertex= eyeSpaceVertex= vec3vec3((gl_ModelViewMatrixgl_ModelViewMatrix * * gl_Vertexgl_Vertex););
lightVector= lightVector= vec3vec3((normalizenormalize(eyeSpaceLightVector (eyeSpaceLightVector -- eyeSpaceVertex));eyeSpaceVertex));
fragNormal = normalize(fragNormal = normalize(gl_NormalMatrixgl_NormalMatrix * * gl_Normalgl_Normal););

diffuseColor = diffuseColor = gl_Colorgl_Color;;
gl_Positiongl_Position = = gl_ModelViewProjectionMatrixgl_ModelViewProjectionMatrix * * gl_Vertexgl_Vertex;;

}}

Example: Fragment ShaderExample: Fragment Shader
varying vec4varying vec4 diffuseColor;diffuseColor;
varying vec3varying vec3 lightVector;lightVector;
varying vec3varying vec3 fragNormal;fragNormal;

voidvoid main(){main(){

floatfloat perFragmentLighting=perFragmentLighting=maxmax((dotdot(lightVector,fragNormal),0.0);(lightVector,fragNormal),0.0);

gl_FragColor gl_FragColor = diffuseColor * lightingFactor;= diffuseColor * lightingFactor;

}}

Basic methodBasic method

•• 2 basic object types2 basic object types
–– Shader objectShader object
–– Program objectProgram object

•• Create Vertex & Fragment Shader Objects Create Vertex & Fragment Shader Objects 
•• Compile bothCompile both
•• Create program object & attach shadersCreate program object & attach shaders
•• Link programLink program
•• Use programUse program

OpenGL 2.0 OpenGL 2.0 
•• Chapter 15 in the bookChapter 15 in the book

–– Create shader:Create shader:glCreateShaderglCreateShader
–– Shader source:Shader source: glShaderSourceglShaderSource
–– Compile shader:Compile shader: glCompileShaderglCompileShader
–– Check for errors:Check for errors: glGetShaderInfoglGetShaderInfo

–– Create shader program:Create shader program: glCreateProgramglCreateProgram
–– Attach compiled shaders: glAttachShader/glDetachShaderAttach compiled shaders: glAttachShader/glDetachShader
–– Link shader program:Link shader program: glLinkProgramglLinkProgram
–– Check for errors:Check for errors: glGetProgramInfoglGetProgramInfo
–– Use the shader program:Use the shader program: glUseShaderProgramglUseShaderProgram
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Creating objectsCreating objects
GLhandleARB glCreateProgramObjectARB();GLhandleARB glCreateProgramObjectARB();

GLhandleARB GLhandleARB 
glCreateShaderObjectARB(GL_VERTEX_SHADER_ARB);glCreateShaderObjectARB(GL_VERTEX_SHADER_ARB);

GLhandleARB GLhandleARB 
glCreateShaderObjectARB(GL_FRAGMENT_SHADER_ARB);glCreateShaderObjectARB(GL_FRAGMENT_SHADER_ARB);

CompilingCompiling
void glShaderSource(GLuint shader, GLsizei void glShaderSource(GLuint shader, GLsizei 
count, const GLchar **strings, const GLint count, const GLchar **strings, const GLint 
*length) *length) 

//if lengths==NULL, assumed to be null//if lengths==NULL, assumed to be null--terminatedterminated

void glCompileShader(GLuint shader);void glCompileShader(GLuint shader);

Attaching & LinkingAttaching & Linking
void glAttachShader(GLuint program, GLuint void glAttachShader(GLuint program, GLuint 
shader);shader);
//twice, once for vertex shader & once for fragment //twice, once for vertex shader & once for fragment 

shadershader

void glLinkProgram(GLuint program);void glLinkProgram(GLuint program);
//program now ready to use//program now ready to use

void glUseProgram (GLuint program);void glUseProgram (GLuint program);
//switches on shader, bypasses FFP//switches on shader, bypasses FFP
//if program==0, shaders turned off, returns to FFP//if program==0, shaders turned off, returns to FFP

Other functionsOther functions

•• CleanClean--upup
void glDetachShader(Gluint program. Gluint void glDetachShader(Gluint program. Gluint 

shader);shader);
void glDeleteShader(Gluint shader); void glDeleteShader(Gluint shader); 
void glDeleteProgram(Gluint program); void glDeleteProgram(Gluint program); 

•• Info Compile LogInfo Compile Log
void glGetShaderInfo (Gluint shader, void glGetShaderInfo (Gluint shader, 

GLsizei bufsize, GLsizei *length, GLsizei bufsize, GLsizei *length, 
char *infoLog); char *infoLog); 

–– Returns compile information, errorsReturns compile information, errors

Loading UniformsLoading Uniforms
void glUniform{1|2|3|4}{f|i}(GLint void glUniform{1|2|3|4}{f|i}(GLint 

location,location,……););

•• Location obtained withLocation obtained with
GLint glGetUniformLocation(GLuint GLint glGetUniformLocation(GLuint 

program, const char *name)program, const char *name);;

•• Shader must be enabled with Shader must be enabled with 
glUseProgramObject() before glUseProgramObject() before 
uniforms can be loadeduniforms can be loaded

Loading AttributesLoading Attributes
void glVertexAttrib{1234}{sfd}(GLint void glVertexAttrib{1234}{sfd}(GLint 

index,index,……););

•• Index obtained withIndex obtained with
GLint glGetAttribLocation(GLuintGLint glGetAttribLocation(GLuint program, program, 
const GLcharARB *name)const GLcharARB *name);;

•• Alternate methodAlternate method
void glBindAttribLocation(GLuint program, void glBindAttribLocation(GLuint program, 
GLuint index, const char *name); GLuint index, const char *name); 

–– Program must be linked after binding attrib Program must be linked after binding attrib 
locationslocations
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Loading TexturesLoading Textures

•• Bind textures to different units as usualBind textures to different units as usual
glActiveTexture(GL_TEXTURE0);glActiveTexture(GL_TEXTURE0);
glBindTexture(GL_TEXTURE_2D,myFirstTexture);glBindTexture(GL_TEXTURE_2D,myFirstTexture);
glActiveTexture(GL_TEXTURE1);glActiveTexture(GL_TEXTURE1);
glBindTexture(GL_TEXTURE_2D,mySecondTexture);glBindTexture(GL_TEXTURE_2D,mySecondTexture);

•• Then load corresponding sampler with Then load corresponding sampler with 
texture unit that texture is bound totexture unit that texture is bound to
glUniform1i(glGetUniformLocation( glUniform1i(glGetUniformLocation( 
programObject,programObject,””myFirstSamplermyFirstSampler””),0);),0);

glUniform1i(glGetUniformLocation( glUniform1i(glGetUniformLocation( 
programObject,programObject,””mySecondSamplermySecondSampler””),1);),1);

Ivory Ivory –– vertex shadervertex shader
uniform vec4uniform vec4 lightPos;lightPos;

varying vec3varying vec3 normal;normal;
varying vec3varying vec3 lightVec;lightVec;
varying vec3varying vec3 viewVec;viewVec;

voidvoid main(){ main(){ 
gl_Positiongl_Position = = gl_ModelViewProjectionMatrixgl_ModelViewProjectionMatrix * * gl_Vertexgl_Vertex;;
vec4 vert = vec4 vert = gl_ModelViewMatrixgl_ModelViewMatrix * * gl_Vertexgl_Vertex;;

normal   = normal   = gl_NormalMatrixgl_NormalMatrix * * gl_Normalgl_Normal;;
lightVec = vec3(lightPos lightVec = vec3(lightPos -- vert);vert);
viewVec  = viewVec  = --vec3(vert);vec3(vert);

}}

Ivory Ivory –– fragment shaderfragment shader
varying vec3varying vec3 normal;normal;
varying vec3varying vec3 lightVec;lightVec;
varying vec3varying vec3 viewVec;viewVec;

voidvoid main(){main(){
vec3 vec3 norm = norm = normalizenormalize(normal);(normal);

vec3 vec3 L = L = normalizenormalize(lightVec);(lightVec);
vec3 vec3 V = V = normalizenormalize(viewVec);(viewVec);
vec3vec3 halfAngle = halfAngle = normalizenormalize(L + V);(L + V);

floatfloat NdotL = NdotL = dotdot(L, norm);(L, norm);
floatfloat NdotH = NdotH = clampclamp((dotdot(halfAngle, norm), 0.0, 1.0);(halfAngle, norm), 0.0, 1.0);

// "Half// "Half--Lambert" technique for more pleasing diffuse termLambert" technique for more pleasing diffuse term
floatfloat diffuse  = 0.5 * NdotL + 0.5;diffuse  = 0.5 * NdotL + 0.5;
floatfloat specular = specular = powpow(NdotH, 64.0);(NdotH, 64.0);

floatfloat result = diffuse + specular;result = diffuse + specular;

gl_FragColorgl_FragColor = = vec4vec4(result);(result);
}}

Gooch Gooch –– vertex shadervertex shader
uniform vec4uniform vec4 lightPos;lightPos;

varying vec3varying vec3 normal;normal;
varying vec3varying vec3 lightVec;lightVec;
varying vec3varying vec3 viewVec;viewVec;

void main(){ void main(){ 
gl_Positiongl_Position = = gl_ModelViewProjectionMatrix gl_ModelViewProjectionMatrix ** gl_Vertexgl_Vertex;;
vec4vec4 vert = vert = gl_ModelViewMatrixgl_ModelViewMatrix * * gl_Vertexgl_Vertex;;

normal   = normal   = gl_NormalMatrixgl_NormalMatrix * * gl_Normalgl_Normal;;
lightVec = lightVec = vec3vec3(lightPos (lightPos -- vert);vert);
viewVec  = viewVec  = --vec3vec3(vert);(vert);

}}

Gooch Gooch –– fragment shaderfragment shader
uniform vec3uniform vec3 ambient;ambient;

varying vec3varying vec3 normal;normal;
varying vec3varying vec3 lightVec;lightVec;
varying vec3varying vec3 viewVec;viewVec;

voidvoid main(){main(){
const floatconst float b = 0.55;b = 0.55;
const floatconst float y = 0.3;y = 0.3;
const floatconst float Ka = 1.0;Ka = 1.0;
const floatconst float Kd = 0.8;Kd = 0.8;
const floatconst float Ks = 0.9;Ks = 0.9;

vec3vec3 specularcolor = specularcolor = vec3vec3(1.0, 1.0, 1.0);(1.0, 1.0, 1.0);

vec3vec3 norm = norm = normalizenormalize(normal);(normal);
vec3vec3 L = L = normalizenormalize (lightVec);(lightVec);
vec3vec3 V = V = normalizenormalize (viewVec);(viewVec);
vec3vec3 halfAngle = halfAngle = normalizenormalize (L + V);(L + V);

Gooch Gooch –– fragment shader (2)fragment shader (2)
vec3vec3 orange = orange = vec3vec3(.88,.81,.49);(.88,.81,.49);
vec3vec3 purple = purple = vec3vec3(.58,.10,.76);(.58,.10,.76);

vec3vec3 kCool = purple;kCool = purple;
vec3vec3 kWarm = orange;kWarm = orange;

floatfloat NdotL = NdotL = dotdot(L, norm);(L, norm);
floatfloat NdotH = NdotH = clampclamp((dotdot(halfAngle, norm), 0.0, 1.0);(halfAngle, norm), 0.0, 1.0);
floatfloat specular = specular = powpow(NdotH, 64.0);(NdotH, 64.0);

float float blendval  = 0.5 * NdotL + 0.5;blendval  = 0.5 * NdotL + 0.5;
vec3vec3 Cgooch = Cgooch = mixmix(kWarm, kCool, blendval);(kWarm, kCool, blendval);

vec3vec3 result = Ka * ambient + Kd * Cgooch + specularcolor * Ks * result = Ka * ambient + Kd * Cgooch + specularcolor * Ks * 
specular;specular;

gl_FragColorgl_FragColor = = vec4vec4(result, 1.0);(result, 1.0);
}}


