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Stanford R eal-Time Proce dural Shadi ng System 
 

SIGGRAPH 2002 Course Notes 
William R. Mark, April 4, 2002 

 
The Stanford real-time procedural shading system compiles shaders written in a high-level shading 
language to graphics hardware.  In particular, the system can compile to graphics hardware with 
programmable vertex and fragment pipelines. 
 
Some of the key features of the system are: 
 

�� The user writes shaders in a high-level, hardware-independent shading language. 
�� The shading language supports multiple computation frequencies.  These computation 

frequencies – fragment, vertex, and primitive-group – map well to graphics hardware. 
�� The system uses a well-defined internal interface to support a variety of compiler back 

ends.  A different compiler back end can be used for each computation frequency.  Each 
compiler back end targets a particular hardware interface (e.g. register-combiner 
fragment hardware). 

�� The system includes compiler back ends that target programmable vertex and fragment 
hardware. 

 
We have written two papers that discuss various aspects of our system: 
 

�� A Real-Time Procedural Shading System for Programmable Graphics Hardware.  
Kekoa Proudfoot, William R. Mark, Zvetoslav Tzvetkov, Pat Hanrahan.  SIGGRAPH 
2001.  This paper describes the complete system. 

�� Compiling to a VLIW Fragment Pipeline.  William R. Mark and Kekoa Proudfoot.  
SIGGRAPH/Eurographics Graphics Hardware 2001. 
This paper describes the system’s compiler for the register-combiner architecture. 
 

The material in these course notes complements these publications.  We have included the 
following: 
 

1. An example shader (our bowling-pin shader), and the compiled code that our system 
produces for that shader.  The compiled code is for a GeForce3 – it includes fragment code 
(register-combiner configuration), vertex code (NV_vertex_program code), and primitive-
group code (X86 CPU code). 

2. Documentation for our system’s immediate-mode interface.  This interface is used to 
specify and compile shaders; to specify geometry to be rendered; and to set shader 
parameters.  This interface is a layer that runs on top of OpenGL. 

3. An example program that uses our system’s immediate-mode interface. 
4. Documentation for our system’s shading language, with a variety of example shaders. 

 
Additional information is available on our project web page, 
http://graphics.stanford.edu/projects/shading .
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Bowling-Pi n Shader  and Functi ons Called by It 
 
 
Bowling- Pin Surf ace Shader 
 
// 
// This shader does the complete bowling pin, and fits into a single pass 
// on the GeForce3 
// 
surface shader float4 
bowling_pin(texref basemarks, texref decals, texref bumps, float4 uv) { 
 
    // Compute texture coordinates 
    float4  uv_wrap  = { uv[0], 10 * Pobj[1], 0, 1 }; 
    float4  uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 1 }; 
    matrix4 t_basemarks  = invert(translate(2.0, -7.5, 0) * scale (4,  15, 1)); 
    float4  uv_basemarks = t_basemarks * uv_wrap; 
    float4  uv_bumps     = uv_basemarks; 
    matrix4 t_decals  = scale(0.5, 1, 1) *   
                        invert(translate(-2.6, -2.8, 0) * scale(5.2, 5.2, 1)); 
    float4  uv_front  = t_decals * uv_label; 
    float4  uv_back   = {1.0 - uv_front[0], uv_front[1], uv_front[2], 1}; 
    float   front     = select(Pobj[2] >= 0, 1, 0) * select(uv[0] > 3, 0, 1); 
    float4  uv_decals = select(front==1, uv_front, uv_back); 
 
    // Look up textures 
    float4 Decals    = texture(decals,    uv_decals); 
    float4 BaseMarks = texture(basemarks, uv_basemarks); 
    float  Marks     = alpha(BaseMarks); 
    float3 Base      = rgb(BaseMarks); 
 
    // Compute color, primarily by calling separate ‘lightmodel_bumps’ routine 
    float3 Ma = {.4,.4,.4}; 
    float3 Md = {.5,.5,.5}; 
    float3 Ms = {.3,.3,.3}; 
    float3 Kd = rgb((Decals over {Base, 1.0}) * Marks); 
    float3 C = lightmodel_bumps(Kd * Ma, Kd * Md, Ms, bumps, uv_bumps); 
    return {C, 1.0}; 
} 
 
Light Shader 
(the compiled code given later includes one instance of ‘simple_light’) 
 
// helper function for light shader 
light float atten (float ac, float al, float aq) { 
    return 1.0 / (aq * Sdist * Sdist + al * Sdist + ac); 
} 
 
light shader float4 simple_light (float4 color, float ac, float al, float aq) { 
    return color * atten(ac, al, aq); 
} 
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Bump-map Function Called b y Bow ling-pi n Shader 
 
surface float3 
lightmodel_bumps(float3 a, float3 d, float3 s, texref bumps, floatv uv_bumps) { 
 
  // Compute normalized tangent-space light vectors 
  vertex perlight float3 Ltan = tangentspace(L); 
  vertex perlight float3 Htan = tangentspace(H); 
 
  // Lookup from bump map 
  float4 Nlookup  = texture(bumps, uv_bumps); // alpha has short len 
  float3 Nbump    = 2.0*(rgb(Nlookup)-triple(0.5)); 
  float  N_avglen = Nlookup[3]; // Length of mipmap filtered N, before renorm 
 
  // Diffuse 
  //perlight float3 Lfrag = 2.0*(cubenorm(Ltan)-{.5,.5,.5}); 
  perlight float3 Lfrag  = Ltan; // Interpolate 
  perlight float  NdotL  = dot(Nbump, Lfrag); 
  perlight float  shadow = 4*(Lfrag[2] + Lfrag[2]);  // Geometric shadow ramp 
  perlight float3 diff   = d * clamp01(NdotL) * clamp01(shadow) * N_avglen; 
 
  // Specular 
  perlight float3 Hnorm   = normalize((fragment perlight float3) Htan); 
  perlight float  NdotH   = clamp01(dot(Nbump, Hnorm)); 
  perlight float  NdotHs  = select(Hnorm[2] >= 0, NdotH, 0.0); 
  perlight float  NdotH2  = NdotHs * NdotHs; 
  perlight float  NdotH4  = NdotH2 * NdotH2; 
  perlight float  NdotH8  = NdotH4 * NdotH4; 
  perlight float3 spec    = NdotH8 * shadow * s; 
 
  // Combine 
  perlight float3 C = diff + spec; 
  return integrate(rgb(Cl) * C) + a; 
} // lightmodel_bumps 
 
 
Other Functions Cal led by Bow ling-pin Sh ader 
 
surface float3 
tangentspace(float3 V) { 
  // Convert vector to tangent space, and normalize it 
  float VtanX = dot(V,T); 
  float VtanY = dot(V,B); 
  float VtanZ = dot(V,N); 
  return normalize({VtanX, VtanY, VtanZ}); 
} 
 
// Clamp scalar to range [0,1] 
surface clampf clamp01(float x) {return (clampf) x;} 
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Compi ler-Generated Fr agment Cod e for Bo wling-Pi n Shader  
(Register Combi ner Confi gur ation)  

 
CLAMPING NOTATION: [] = clamp to [0,1].  {} = clamp to [-1,1] 
 
*** TEXTURE SHADER CONFIG *** 
STAGE 0: TEXTURE_2D      TEXREF='decals'      COORD= 'uv_decals' 
STAGE 1: TEXTURE_2D      TEXREF='basemarks'   COORD= 'uv_basemarks' 
STAGE 2: TEXTURE_2D      TEXREF='bumps'       COORD= 'uv_bumps' 
STAGE 3: TEXTURE_CM      TEXREF=CUBENORM      COORD= 'Htan' 
 
***** GLOBAL PASS INPUTS ***** 
V0.rgb  = interpolate(0.5*(Ltan+{1,1,1})); 
V1.rgb  = interpolate(Cl); 
T0.rgba = TEXSHADE.rgba 
T1.rgba = TEXSHADE.rgba 
T2.rgba = TEXSHADE.rgba 
T3.rgb  = TEXSHADE.rgb 
 
************ RGB STAGE 0 **************                   *********** ALPHA STAGE 0 ************* 
T3.rgb = {L}      L = (2*[T2.rgb]-1) dot (2*[T3.rgb]-1)   S0.a = {L}     L = T3.b 
T2.rgb = {R}      R = (2*[T2.rgb]-1) dot (2*[V0.rgb]-1)  
              
************ RGB STAGE 1 **************                   *********** ALPHA STAGE 1 ************* 
                  L = T0.rgb                                             L = [Z0.a] 
                  R = T1.rgb * (1-[T0.aaa])                              R = [T3.b] 
T0.rgb = {M}      M = L + R                               V0.a = {M}     M = (S0.a < 0.5) ? L : R 
              
************ RGB STAGE 2 **************                   *********** ALPHA STAGE 2 ************* 
T0.rgb = {L}      L = T0.rgb * T1.aaa                     V0.a = {L}     L = V0.a * V0.a 
                                                          T0.a = {R}     R = T2.b 
              
************ RGB STAGE 3 **************                   *********** ALPHA STAGE 3 ************* 
T1.rgb = {0.5*L}  L = T0.rgb                              V0.a = {L}     L = V0.a * V0.a 
              
************ RGB STAGE 4 **************                   *********** ALPHA STAGE 4 ************* 
V0.rgb = {L}      L = T1.rgb * [T0.aaa]                                  L = (2*[V0.b]-1) 
T1.rgb = {R}      R = V0.aaa * V0.aaa                                    R = (2*[V0.b]-1) 
                                                          T1.a = {4*M}   M = L + R 
              
************ RGB STAGE 5 **************                   *********** ALPHA STAGE 5 ************* 
V0.rgb = {L}      L = V0.rgb * [T1.aaa]                   V0.a = {L}     L = T1.b * T1.a 
              
PER-STAGE PASS INPUTS FOR STAGE 6:          
L0.rgb  = {0.300000, 0.300000, 0.300000}         
************ RGB STAGE 6 **************                   *********** ALPHA STAGE 6 ************* 
                  L = V0.rgb * T2.aaa         
                  R = V0.aaa * L0.rgb         
V0.rgb = {M}      M = L + R          
              
PER-STAGE PASS INPUTS FOR STAGE 7:          
L0.rgb  = {0.400000, 0.400000, 0.400000}         
************ RGB STAGE 7 **************                   *********** ALPHA STAGE 7 ************* 
                  L = V1.rgb * V0.rgb         
                  R = T0.rgb * L0.rgb         
V0.rgb = {M}      M = L + R          
              
*********** RGB FINAL STAGE ***********                   ********** ALPHA FINAL STAGE ********** 
OUT.rgb = [V0.rgb]                                        OUT.a = (1-[Z0.a]) 
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Compi ler-Generated Ver tex Code fo r Bowling-Pi n Shader  
(NV_vertex_program code)  

 
"const ant" regi sters 
 
c[0]-c[3]   = __projection * __modelview 
c[4]-c[7]   = __modelview 
c[8]        = __lightpos              [light position] 
c[9]-c[11]  = affine(__modelview) 
c[12]-c[14] = transpose(invert(affine(__modelview))) 
c[15]       = color                   [light color] 
c[16].x     = (__lightpos[3] == 0.0)  [is the light directional?] 
c[16].y     = aq                      [light quadratic attenuation factor] 
c[16].z     = al                      [light linear attenuation factor] 
c[16].w     = ac                      [light constant attenuation factor] 
c[17]       = {0.0961539 0 0.25 -0.5} 
c[18]       = {0 0.192308 0.538462 1} 
c[19]       = {0 0.0666667 0.5 3} 
c[20].x     = 10 

vertex-source 
regi sters 
 
v[0]: __position 
v[1]: __tangent 
v[2]: __binormal 
v[3]: __normal 
v[4]: uv 
 

 
 
!!VP1.0 
DP4  o[HPOS].x, c[0], v[0] ; 
DP4  o[HPOS].y, c[1], v[0] ; 
DP4  o[HPOS].z, c[2], v[0] ; 
DP4  o[HPOS].w, c[3], v[0] ; 
DP4  R6.x, c[4], v[0] ; 
DP4  R6.y, c[5], v[0] ; 
DP4  R6.z, c[6], v[0] ; 
DP4  R6.w, c[7], v[0] ; 
MOV  R2, R6 ; 
RCP  R6.x, R6.w ; 
MUL  R7, R2, R6.x ; 
ADD  R2, c[8], -R7 ; 
MAD  R2, c[16].x, -R2, R2 ; 
MOV  R6, c[8] ; 
MAD  R2, c[16].x, R6, R2 ; 
DP3  R6.x, R2, R2 ; 
RSQ  R6.x, R6.x ; 
MUL  R6, R2, R6.x ; 
DP3  R5.x, c[9], v[1] ; 
DP3  R5.y, c[10], v[1] ; 
DP3  R5.z, c[11], v[1] ; 
DP3  R8.x, R5, R5 ; 
RSQ  R8.x, R8.x ; 
MUL  R5, R5, R8.x ; 
DP3  R1.x, R6, R5 ; 
DP3  R4.x, c[9], v[2] ; 
DP3  R4.y, c[10], v[2] ; 
DP3  R4.z, c[11], v[2] ; 
DP3  R8.x, R4, R4 ; 
RSQ  R8.x, R8.x ; 
MUL  R4, R4, R8.x ; 
DP3  R1.y, R6, R4 ; 
DP3  R3.x, c[12], v[3] ; 
DP3  R3.y, c[13], v[3] ; 
DP3  R3.z, c[14], v[3] ; 
DP3  R8.x, R3, R3 ; 
RSQ  R8.x, R8.x ; 
MUL  R3, R3, R8.x ; 
DP3  R1.z, R6, R3 ; 
DP3  R8.x, R1, R1 ; 
RSQ  R8.x, R8.x ; 
MAD  R1, R1, R8.x, c[18].wwwx ; 
MUL  o[COL0].xyz, -c[17].w, R1 ; 
DP3  R8.x, R2, R2 ; 
RSQ  R1, R8.x ; 
DST  R2, R8.x, R1 ; 
DP3  R1.x, R2, c[16].wzyy ; 

RCP  R1.x, R1.x ; 
MUL  R1, c[15], R1.x ; 
MOV  o[COL1].xyz, R1 ; 
SGE  R1.x, v[0].z, c[17].y ; 
MAD  R1.z, R1.x, -c[17].y, c[17].y ; 
MAD  R1.z, R1.x, c[18].w, R1.z ; 
SLT  R1.y, c[19].w, v[4].x ; 
MAD  R1.x, R1.y, -c[18].w, c[18].w ; 
MAD  R1.x, R1.y, c[17].y, R1.x ; 
MUL  R8.y, R1.z, R1.x ; 
SGE  R8.x, R8.y, c[18].w ; 
SGE  R8.z, c[18].w, R8.y ; 
MIN  R8.z, R8.x, R8.z ; 
MUL  R1.xy, c[20].x, v[0].xyxx ; 
MOV  R1.z, c[17].y ; 
MOV  R1.w, c[18].w ; 
DP4  R2.x, c[17].xyyz, R1 ; 
DP4  R2.y, c[18].xyxz, R1 ; 
DP4  R2.z, c[18].xxwx, R1 ; 
DP4  R2.w, c[18].xxxw, R1 ; 
ADD  R1.x, c[18].w, -R2.x ; 
MOV  R1.yz, R2.yyzy ; 
MOV  R1.w, c[18].w ; 
MAD  R1, R8.z, -R1, R1 ; 
MAD  o[TEX0], R8.z, R2, R1 ; 
MOV  R2.x, v[4].x ; 
MUL  R2.y, c[20].x, v[0].y ; 
MOV  R2.z, c[17].y ; 
MOV  R2.w, c[18].w ; 
DP4  R1.x, c[17].zyyw, R2 ; 
DP4  R1.y, c[19].xyxz, R2 ; 
DP4  R1.z, c[18].xxwx, R2 ; 
DP4  R1.w, c[18].xxxw, R2 ; 
MOV  o[TEX1], R1 ; 
MOV  o[TEX2], R1 ; 
DP3  R2.x, -R7, -R7 ; 
RSQ  R2.x, R2.x ; 
MAD  R1, -R7, R2.x, R6 ; 
DP3  R2.x, R1, R1 ; 
RSQ  R2.x, R2.x ; 
MUL  R1, R1, R2.x ; 
DP3  R0.x, R1, R5 ; 
DP3  R0.y, R1, R4 ; 
DP3  R0.z, R1, R3 ; 
DP3  R1.x, R0, R0 ; 
RSQ  R1.x, R1.x ; 
MUL  o[TEX3].xyz, R0, R1.x ; 
END 
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Compi ler-Generated Pri mitive-Group Code for  Bowling-Pin Shader  
(x86 CPU code) 

 
push ebp 
mov ebp, esp 
sub esp, 0x0000000c 
push esi 
push edi 
push ebx 
fnstcw [ebp-4h] 
fnclex 
mov edi, [ebp+Ch] 
mov ebx, [ebp+8h] 
mov ebx, [ebx+50h] 
mov eax, [ebx] 
mov [edi], eax 
mov eax, [ebx+4h] 
mov [edi+4h], eax 
mov eax, [ebx+8h] 
mov [edi+8h], eax 
mov eax, [ebx+Ch] 
mov [edi+Ch], eax 
mov eax, [ebp+8h] 
mov eax, [eax+38h] 
mov eax, [eax] 
mov [edi+10h], eax 
mov ebx, [ebp+8h] 
mov ebx, [ebx+30h] 
mov eax, [ebx] 
mov [edi+14h], eax 
mov eax, [ebx+4h] 
mov [edi+18h], eax 
mov eax, [ebx+8h] 
mov [edi+1Ch], eax 
mov eax, [ebx+Ch] 
mov [edi+20h], eax 
mov ebx, [ebp+8h] 
mov ebx, [ebx+28h] 
mov eax, [ebx] 
mov [edi+24h], eax 
mov eax, [ebx+4h] 
mov [edi+28h], eax 
mov eax, [ebx+8h] 
mov [edi+2Ch], eax 
mov eax, [ebx+Ch] 
mov [edi+30h], eax 
mov eax, [ebx+10h] 
mov [edi+34h], eax 
mov eax, [ebx+14h] 
mov [edi+38h], eax 
mov eax, [ebx+18h] 
mov [edi+3Ch], eax 
mov eax, [ebx+1Ch] 
mov [edi+40h], eax 
mov eax, [ebx+20h] 
mov [edi+44h], eax 
mov eax, [ebx+24h] 
mov [edi+48h], eax 
mov eax, [ebx+28h] 
mov [edi+4Ch], eax 
mov eax, [ebx+2Ch] 
mov [edi+50h], eax 
mov eax, [ebx+30h] 
mov [edi+54h], eax 
mov eax, [ebx+34h] 
mov [edi+58h], eax 
mov eax, [ebx+38h] 
mov [edi+5Ch], eax 
mov eax, [ebx+3Ch] 

mov [edi+60h], eax 
mov eax, [ebp+8h] 
mov eax, [eax+40h] 
mov eax, [eax] 
mov [edi+64h], eax 
mov eax, [ebp+8h] 
mov eax, [eax+48h] 
mov eax, [eax] 
mov [edi+68h], eax 
mov eax, [ebp+8h] 
mov eax, [eax+68h] 
mov eax, [eax] 
mov [edi+6Ch], eax 
mov eax, [ebp+8h] 
mov eax, [eax+70h] 
mov eax, [eax] 
mov [edi+70h], eax 
mov eax, [ebp+8h] 
mov eax, [eax+60h] 
mov eax, [eax] 
mov [edi+74h], eax 
lea eax, [edi+24h] 
push eax 
lea eax, [edi+78h] 
push eax 
mov [ebp-Ch], 0x0040105a 
call [ebp-Ch] 
add esp, 0x00000008 
lea eax, [edi+78h] 
push eax 
lea eax, [edi+9Ch] 
push eax 
mov [ebp-Ch], 0x00401672 
call [ebp-Ch] 
add esp, 0x00000008 
lea eax, [edi+9Ch] 
push eax 
lea eax, [edi+C0h] 
push eax 
mov [ebp-Ch], 0x0040120d 
call [ebp-Ch] 
add esp, 0x00000008 
mov ebx, [ebp+8h] 
mov ebx, [ebx] 
mov eax, [ebx] 
mov [edi+E4h], eax 
mov eax, [ebx+4h] 
mov [edi+E8h], eax 
mov eax, [ebx+8h] 
mov [edi+ECh], eax 
mov eax, [ebx+Ch] 
mov [edi+F0h], eax 
mov eax, [ebx+10h] 
mov [edi+F4h], eax 
mov eax, [ebx+14h] 
mov [edi+F8h], eax 
mov eax, [ebx+18h] 
mov [edi+FCh], eax 
mov eax, [ebx+1Ch] 
mov [edi+100h], eax 
mov eax, [ebx+20h] 
mov [edi+104h], eax 
mov eax, [ebx+24h] 
mov [edi+108h], eax 
mov eax, [ebx+28h] 
mov [edi+10Ch], eax 

mov eax, [ebx+2Ch] 
mov [edi+110h], eax 
mov eax, [ebx+30h] 
mov [edi+114h], eax 
mov eax, [ebx+34h] 
mov [edi+118h], eax 
mov eax, [ebx+38h] 
mov [edi+11Ch], eax 
mov eax, [ebx+3Ch] 
mov [edi+120h], eax 
mov eax, [edi+20h] 
mov [edi+124h], eax 
mov [edi+128h], 0x00000000 
fld [edi+124h] 
fcomp [edi+128h] 
fnstsw eax 
test eax, 0x00004000 
mov eax, 0x3f800000 
jnz l_0 
xor eax, eax 
l_0: 
mov [edi+12Ch], eax 
mov eax, [edi+14h] 
mov [edi+130h], eax 
mov eax, [edi+18h] 
mov [edi+134h], eax 
mov eax, [edi+1Ch] 
mov [edi+138h], eax 
lea eax, [edi+24h] 
push eax 
lea eax, [edi+E4h] 
push eax 
lea eax, [edi+13Ch] 
push eax 
mov [ebp-Ch], 0x004014ba 
call [ebp-Ch] 
add esp, 0x0000000c 
mov ebx, [ebp+10h] 
mov eax, [edi] 
mov [ebx], eax 
mov eax, [edi+4h] 
mov [ebx+4h], eax 
mov eax, [edi+8h] 
mov [ebx+8h], eax 
mov eax, [edi+Ch] 
mov [ebx+Ch], eax 
mov eax, [edi+10h] 
mov [ebx+10h], eax 
mov eax, [edi+24h] 
mov [ebx+14h], eax 
mov eax, [edi+28h] 
mov [ebx+18h], eax 
mov eax, [edi+2Ch] 
mov [ebx+1Ch], eax 
mov eax, [edi+30h] 
mov [ebx+20h], eax 
mov eax, [edi+34h] 
mov [ebx+24h], eax 
mov eax, [edi+38h] 
mov [ebx+28h], eax 
mov eax, [edi+3Ch] 
mov [ebx+2Ch], eax 
mov eax, [edi+40h] 
mov [ebx+30h], eax 
mov eax, [edi+44h] 
mov [ebx+34h], eax 
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mov eax, [edi+48h] 
mov [ebx+38h], eax 
mov eax, [edi+4Ch] 
mov [ebx+3Ch], eax 
mov eax, [edi+50h] 
mov [ebx+40h], eax 
mov eax, [edi+54h] 
mov [ebx+44h], eax 
mov eax, [edi+58h] 
mov [ebx+48h], eax 
mov eax, [edi+5Ch] 
mov [ebx+4Ch], eax 
mov eax, [edi+60h] 
mov [ebx+50h], eax 
mov eax, [edi+64h] 
mov [ebx+54h], eax 
mov eax, [edi+68h] 
mov [ebx+58h], eax 
mov eax, [edi+6Ch] 
mov [ebx+5Ch], eax 
mov eax, [edi+70h] 
mov [ebx+60h], eax 
mov eax, [edi+74h] 
mov [ebx+64h], eax 
mov eax, [edi+78h] 
mov [ebx+68h], eax 
mov eax, [edi+7Ch] 
mov [ebx+6Ch], eax 
mov eax, [edi+80h] 
mov [ebx+70h], eax 
mov eax, [edi+84h] 
mov [ebx+74h], eax 
mov eax, [edi+88h] 
mov [ebx+78h], eax 
mov eax, [edi+8Ch] 
mov [ebx+7Ch], eax 
mov eax, [edi+90h] 
mov [ebx+80h], eax 
mov eax, [edi+94h] 
mov [ebx+84h], eax 
mov eax, [edi+98h] 
mov [ebx+88h], eax 
mov eax, [edi+C0h] 
mov [ebx+8Ch], eax 
mov eax, [edi+C4h] 
mov [ebx+90h], eax 
mov eax, [edi+C8h] 
mov [ebx+94h], eax 
mov eax, [edi+CCh] 
mov [ebx+98h], eax 
mov eax, [edi+D0h] 
mov [ebx+9Ch], eax 
mov eax, [edi+D4h] 
mov [ebx+A0h], eax 
mov eax, [edi+D8h] 
mov [ebx+A4h], eax 
mov eax, [edi+DCh] 
mov [ebx+A8h], eax 
mov eax, [edi+E0h] 
mov [ebx+ACh], eax 
mov eax, [edi+12Ch] 
mov [ebx+B0h], eax 
mov eax, [edi+130h] 
mov [ebx+B4h], eax 
mov eax, [edi+134h] 
mov [ebx+B8h], eax 
mov eax, [edi+138h] 
mov [ebx+BCh], eax 
mov eax, [edi+13Ch] 
mov [ebx+C0h], eax 
mov eax, [edi+140h] 

mov [ebx+C4h], eax 
mov eax, [edi+144h] 
mov [ebx+C8h], eax 
mov eax, [edi+148h] 
mov [ebx+CCh], eax 
mov eax, [edi+14Ch] 
mov [ebx+D0h], eax 
mov eax, [edi+150h] 
mov [ebx+D4h], eax 
mov eax, [edi+154h] 
mov [ebx+D8h], eax 
mov eax, [edi+158h] 
mov [ebx+DCh], eax 
mov eax, [edi+15Ch] 
mov [ebx+E0h], eax 
mov eax, [edi+160h] 
mov [ebx+E4h], eax 
mov eax, [edi+164h] 
mov [ebx+E8h], eax 
mov eax, [edi+168h] 
mov [ebx+ECh], eax 
mov eax, [edi+16Ch] 
mov [ebx+F0h], eax 
mov eax, [edi+170h] 
mov [ebx+F4h], eax 
mov eax, [edi+174h] 
mov [ebx+F8h], eax 
mov eax, [edi+178h] 
mov [ebx+FCh], eax 
fldcw [ebp-4h] 
pop ebx 
pop edi 
pop esi 
mov esp, ebp 
pop ebp 
ret
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1 Languageversionhistory

The version1 languagehadlisp-like parentheticalconstructsandshaders,expressionsof �x ed colors,tex-
tures,andlit materials.Theonly datatypewas a [0, 1] clampedcolor, andtheallowedoperatorswereadd ,
multiply , andblend (over) .

Theversion2 languagereplacedthelisp-likeconstructsof theversion1 languagewith onesmorelikeC. The
underlyingexpressions,operators,anddatatypesdid not change.

Theversion3 languagewasdiscussedbut neverimplemented.Theintentwastoextendtheversion2 language
to remove the restrictionthat colors,textures,andlit materialsbe �x edby makingthesedatatypescon�g-
urablethroughparametersto shaders.This languageversionwasalsoto introduceaseparationbetweenlight
shadersandsurfaceshaders.

Theversion4 languageallowedshadersto becon�guredusingshaderparametersandprovidedalight/surface
shaderabstraction.It alsointroducedtheconceptof multiplecomputationfrequencies,makinguseof typesto
managewhenandhow computationsareperformed.New vertex andprimitive-groupprocessingcapabilities
wereexposedto complementa setof fragmentprocessingcapabilitiessimilar to thoseavailablein previous
languageversions.

Theversion5 languageallowedus to explorecompilationto advancedfragmentprocessingpipelines.The
new featuresincludedthree-componentvectors,three-by-threematrices,three-vectoroperations,morefrag-
mentoperations,operatorsto assistwith compilingto fragmentpipelines,andconditionalcompilation.

Theversion6 languageisdescribedin thisdocument.It is anextensionof theversion5 languagethatprovides
additionaloperatorsandfunctionsto assistwith compiling to advancedvertex andfragmenthardware. In
particular, this revisionaddsthefollowing new features:

• Booleanlogical operators(Section2.2.6)

• Derivativeoperators(Section2.2.3)

• Generalindex operator[] with swizzle(Section2.2.1)

• Assignmentwritemasks(Section2.2.13)

• An operatorto accessscreen-spacepositionanddepthvalueper-fragment(Section2.2.11)

2 Basics

Thegeneralformatof our language,aswell asour language’sdeclarationandexpressionsyntax,is similar to
C. Our languagedoes,however, have a numberof notabledifferences.Theseincludea differentsetof data
types,a numberof specializedtype modi�ers, a slightly differentsetof operators,anddifferentsemantics
with regardsto function calls andglobal variables. Thesedifferenceswill becomeclearerasyou proceed
throughthisdocument.

As with C, our languagerelieson white spaceandindentingonly to theextent that they separatetokensin
thelanguage.Whitespaceandindentingareotherwiseignored.

Commentsare allowed in our language. Thesemay be denotedusing either the C /* */ syntaxor the
C++ // commentsyntax. Identi�ers, integers,and�oats areall speci�ed asthey are in C. Identi�ers are
case-sensitive.
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2.1 BaseData Types

Webegin thediscussionof our languagewith adescriptionof its datatypes.

In our language,datatypesarecomposedof abasedatatypepreceededby anoptionallist of typemodi�ers.
In this section,wedescribethebasedatatypes.We leave thediscussionof typemodi�ers for latersections.

Our languagesupportstenbasedatatypes.They are:

bool booleanvalue
clampf1 scalar[0, 1]-clamped�oating-point value
clampf3 3-component[0, 1]-clamped�oating-point vector
clampf4 4-component[0, 1]-clamped�oating-point vector
float1 scalarunclamped�oating-point value
float3 3-componentunclamped�oating-point vector
float4 4-componentunclamped�oating-point vector
matrix3 3× 3 �oating pointmatrix
matrix4 4× 4 �oating pointmatrix
texref texturereference

Two of thesetypesneedfurtherexplanation.

• Thebool typeis eithertrue or false . It hasnonumericalvalue.

• Theftexref typestoresareferenceto a texture. Its valuecorrespondsto anOpenGLtexturenameas
speci�edto glBindTexture .

Additionally, notethatalthoughtheclamped�oat typesaredescribedas�oating point, becausetheir ranges
arelimited to [0, 1], they maybeimplementedusingeither�x ed-or �oating-point.

In additionto thetenbasetypes,we supportsomeadditionaltypenamesfor compatibilitywith theprevious
versionof thelanguage:

clampf sameasclampf1
clampfv sameasclampf4
float sameasfloat1
floatv sameasfloat4
matrix sameasmatrix4

2.2 Expressions,Operators, and Built-in Functions

The expressionsyntaxof our languageis much like that of C, except that we provide a different set of
operatorsandalsoa coresetof built-in functions.In this section,we introduceanddescribetheseoperators
andfunctions.

Most operatorsthat we provide have both float and clampf versions,wherethe clampf versionsare
de�ned to clamptheir results(but not their intermediatevalues)to [0, 1]. We make specialnoteof operators
whicheitherdonothave clampf versionsor donotoperateon float or clampf valuesatall.
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2.2.1 Operators for manipulating scalarsand vectors

The join operator{} assemblesscalarsinto vectorsandvectorsinto matrices.It comesin � veversions:

{ x, y, z } // make a 3-vector from scalars x, y, and z
{ x, y, z, w } // make a 4-vector from scalars x, y, z, and w
{ xyz, w } // make a 4-vector from 3-vector xyz and scalar w
{ r0, r1, r2 } / / make a 3x3 matrix from 3-vector rows r0, r1, r2
{ r0, r1, r2, r3 } / / make a 4x4 matrix from 4-vector rows r0, r1, r2, r3

Theindex operator[] hasmany uses.It canbeusedto extracta scalarfrom a 3- or 4- componentvector,
or to swizzlethecomponentsof avector. Indexing is zero-based:

float3 vec 3 = { x , y , z } ;
float4 vec 4 = { x , y , z , w } ;

vec3[0] // extract x
vec3[2] // extract z
vec4[3] // extract w
vec3[1,2,0] // returns { y, z, x }
vec3[2,2,2] // returns { z, z, z }
vec3[2,0,1,1] // returns { z, x, y, y }
vec4[3,0,2] // returns { w, x, z }

Thenumberof comma-delimitedindicesgiven insidethesquarebracesspeci�esthesizeof theoutput.The
outputmustbea scalar, a 3-componentvector, or a 4-componentvector. Thefollowing is illegal becausewe
donot currentlysupport2-componentvectors:

{ x, y, z, w }[1,2] // error: result is a 2-vector

Eachelementgiven in the index operator[] maybe in the range0. . . N � 1, whereN is thenumberof
componentsof theoperand.For example:

{ x, y, z }[3,0,2] // error: index 3 out of range
{ x, y, z, w }[3,0,2] / / ok: returns { w, x, z }

Theindex operator[] canalsoextracta row from a3× 3 matrixor a4× 4 matrix.

{ r0, r1, r2 }[0] // extract r0 from 3x3 matrix { r0, r1, r2 }
{ r0, r1, r2 }[2] // extract r2 from 3x3 matrix { r0, r1, r2 }
{ r0, r1, r2, r3 }[3] / / extract r3 from 4x4 matrix { r0, r1, r2, r3 }

The rgb() , alpha() , andblue() operatorshelpmake compilationto fragmentpipelinesef�cient. How-
ever, they remainprimarily for compatibility with older versionsof the language.Their variousforms and
equivalentexpressionsareshown here:

rgb({ r, g, b, a } ) / / extract 3-vector { r , g, b } from 4-vector;
// equivalent to { r , g, b, a }[0,1,2]

alpha({ r, g, b, a } ) / / extract scalar a from 3-vector;
// equivalent to { r , g, b, a }[3]

blue({ r, g, b, a } ) / / extract scalar b from 4-vector
// equivalent to { r , g, b, a }[2]

blue({ r, g, b } ) / / extract scalar b from 3-vector;
// equivalent to { r , g, b }[2]

rgb(c) // construct 3-vector { c, c, c } from scalar c
// equivalent to c[0,0,0]
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2.2.2 Arithmetic operators

Weprovidescalarandvectorversionsof add,multiply, subtract,anddivide. For multiply anddivide,wealso
provideversionsthatoperateononescalarandonevectorin eitherorder. Someexamples:

a + b
a - b
a * b
a / b
{ a x, ay, az } + { b x, by, bz }
{ a x, ay, az } - { b x, by, bz }
{ a x, ay, az } * { b x, by, bz }
{ a x, ay, az } / { b x, by, bz }
a * { bx, by, bz }
a / { bx, by, bz }
{ a x, ay, az } * b
{ a x, ay, az } / b

Multiplication of two matricesandmultiplicationof onematrix (on theleft) andonevector(on theright) are
alsosupported.Sincewe do not supportclampedmatrices,thereareno clampf matrix-matrixor matrix-
vectormultiply operations.

Weprovideanunclamped�oating-point negateoperator:

- a

Wedonotprovidea clampf versionof thenegateoperator, sinceits resultwouldalwaysbezero.

2.2.3 Derivativeoperators

We provide derivative operatorsthatoperateon unclampedscalars,3-vectors,and4-vectors.They compute
thepartialderivativesof an expressionwith respectto x andy in screen-spacecoordinates.

dx(expr) // computes partial derivative of expr (w.r.t. x)
dy(expr) // computes partial derivative of expr (w.r.t. y)

2.2.4 Blending operators

We provide a genericblendoperatorthat operateson clampedandunclamped4-vectorsonly. The blend
operatoris basedon theOpenGLblendfunctionandtakesthefollowing form:

blend ( src_factor, dst_factor )

Notethis theblendoperatoris a binary in�x operator. Thevalueto the left of theblendis calledthesource
(src ) andthevalueto theright of theblendis calledthedestination(dst ):

src blend(src_factor,dst_factor) dst

Suchanexpressioncomputes:

src_factor * src + dst_factor * dst

Both src_factor anddst_factor areplaceholdersfor nameschosenfrom the following list. Eachhas
thevalueindicated:
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FactorName FactorValue
ZERO { 0 , 0 , 0 , 0 }
ONE { 1 , 1 , 1 , 1 }
SRC_COLOR src
SRC_ALPHA { src[3], src[3], src[3], src[3] }
DST_COLOR dst
DST_ALPHA { dst[3], dst[3], dst[3], dst[3] }
ONE_MINUS_SRC_COLOR{ 1 , 1 , 1 , 1 } - s r c
ONE_MINUS_SRC_ALPHA { 1 , 1 , 1 , 1 } - { s rc[3], src[3], src[3], src[3] }
ONE_MINUS_DST_COLOR{ 1 , 1 , 1 , 1 } - d st
ONE_MINUS_DST_ALPHA { 1 , 1 , 1 , 1 } - { d st[3], dst[3], dst[3], dst[3] }

We provide two additionalblendoperatorsto simplify the speci�cationof commonblendoperations.The
over operatorcompositestwo valueswith premultipliedalpha,andis equivalentto blend (ONE,
ONE_MINUS_SRC_ALPHA). Theblend_over operatorcompositestwo valueswhereonly secondvaluehas
premultipliedalpha.The�rst valuehasnon-premultipliedalpha.It is equivalentto blend(SRC_ALPHA,
ONE_MINUS_SRC_ALPHA).

2.2.5 Comparisonoperators

We provide a standardsetof comparisonoperators(==, != , >, <, >=, <=) for computingbooleanvalues.We
alsoprovide a lthalf() operatorto assistwith fragmentcompilation.The lthalf() operatorreturnstrue
if its operandis lessthan 1

2 .

2.2.6 Logical operators

We provide the four standardlogical operatorsAND, OR, NOT, XORthatoperateon booleanvalues.NOThas
thehighestprecedence,followedby AND, XOR, OR.

bool a = true;
bool b = false;

a & b // a AND b - > false
a | b // a OR b -> true
a ˆ b / / a XOR b - > true
˜ a / / NOT a - > false
˜ b & a // (NOT b) AND a - > true

2.2.7 Conditional select operator

Booleanexpressionsareusedwith the conditionalselect operator. The select operatortakesthreepa-
rameters:a boolean,a valueto returnif thebooleanis true , anda valueto returnif thebooleanis false .
Someexamples:

select(0 == 0, t, f) // value is t
select(0 > 1, t , f ) / / value is f
select(lthalf(0), t, f) // value is t
select(lthalf(0.5), t, f) // value if f

2.2.8 Miscellaneousscalarand vector operations

We provide a numberof additionaloperations,includingscalarandvectorclamp , min , andmax operations;
vectordot , length , andnormalize operations;a3-vectorreflect andcross operations;sin , cos , pow,
andsqrt . Someexamples:
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clamp(0.5, 0, 1) // value is 0.5
clamp({ -1, 0, 1, 2 } , 0, 1) / / value is { 0, 0, 1, 1 }
clamp({ -1, 1, 3 } , { 0, 0, 1 } , { 1, 2, 2}) // value is { 0, 1, 2 }
min({ -1, 1, 2, 3 } , { 1, 0, 1, 4 } ) / / value is { - 1, 0, 1, 4 }
dot({ 0, 1, 2, 3 } , { 4, 5, 6, 7 } ) / / value is 38
length({ 3, 4, 0 } ) / / value is 5
length({ 1, 1, 1 } ) / / value is 1.7320...
length({ 1, 1, 1, 1 } ) / / value is 2
normalize({ 0, 0, 2 } ) / / value is { 0, 0, 1 }
reflect({ 1, 1, 1 } , { 0, 0, 1 } ) / / value is { - 1, -1, 1 }
reflect({ 1, 0, 0 } , { 0, 1, 0 } ) / / value is { 0, 0, 1 }
sin(3.14159) // value is 0
cos(3.14159) // value is -1
pow(10,2) // value is 100
sqrt(2) // value is 1.4142...

2.2.9 Matrix operations

Wealsoprovideanumberof matrixoperations:

affine extractstheupper-left 3× 3 matrix from a4× 4 matrix
frustum generatesa4× 4 frustumprojectionmatrix
identity generatesa4× 4 identitymatrix
invert invertsa3× 3 or a 4× 4 matrix
lookat generatesa4× 4 lookatmatrix
ortho generatesa4× 4 orthographicprojectionmatrix
rotate generatesa4× 4 rotationmatrixof anangleaboutanaxis
scale generatesa4× 4 scalematrix
translate generatesa4× 4 translationmatrix
transpose transposesa3× 3 or 4× 4 matrix
identity3 generatesa3× 3 identitymatrix
rotate3 generatesa3× 3 rotationmatrix
scale3 generatesa3× 3 scalematrix

Theexactparametersneededfor eachmatrixoperationarediscussedin theoperatorappendix,Section9.1.

2.2.10 Texturing operations

A numberof texturingandlookupoperationsarealsoavailable:

cubemap performacubemaplookupgiven a texref anda3-vector
cubenorm performa3-vectornormalizationgiven a3-vector
lut performacomponent-wisefragmentclamp4 tablelookup
texture performa2d texturelookupgiven a texref anda3- or 4-vector
texture3d performa3d texturelookupgiven a texref anda3- or 4-vector
bumpdiff performadiffusebumpmapoperation
bumpspec performaspecularbumpmapoperation(requiresbumpdiff )

Theexactparametersneededfor eachtextureandlookupoperationarediscussedin theoperatorappendix,
Section9.1.

The lut operatorperformsa component-wisetable lookup of fragmentvalue. It usesthe OpenGLcolor
lookup tablede�ned usingglPixelMap . Our intent is to eventuallyabstractlookup tablespeci�cation to
allow multiple lookuptables,but currentlyweonly supportonecolor lookuptableata time.

The bumpdiff andbumpspec operatorsimplementbumpmappingasdescribedfor NVIDIA hardwareby
Mark Kilgard. The bumpdiff operatorcomputesthe diffuse re�ection coef�cient given a tangent-space
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normalmap, texture coordinates,anda tangent-spacelight vector. The bumpspec operatorcomputesthe
specularre�ection coef�cient given the samenormal map and texture coordinatesplus the tangent-space
half-anglevector. The bumpdiff operatorleaves a self-shadowing term in alphawhich must be usedto
modulatethe bumpspec result. The blend operator, con�gured asblend(ONE, SRC_ALPHA), is usedto
accomplishthis.

2.2.11 Accessingscreen-spacecoordinates

The xyz_screen() built-in function providesthe coordinatesanddepthvalueof the currentfragmentin
screenspace:

float4 coords = xyz_screen(); // coords[0] = screen-space x position
// coords[1] = screen-space y position
// coords[2] = depth (z) value
// coords[3] = undefined

2.2.12 Parentheses

As with C, wesupportparentheses() for groupingexpressionsto overridethedefault operatorprecedences.

2.2.13 Assignmentand castoperators

Two specialoperatorsarethe assignmentandcastoperators.Both areusedasthey typically arein C. As-
signmentimpliesa castto the typeof thevaluebeingset. Typeconversionis discussedin greaterdetail in
Section5.

Assignmentsmay be masked. The indicesprovided in the maskmustbe uniqueandappearin ascending
order. Someexamples:

float 4 v = { 2 , 5 , 7 , 1 5 } ;

v[ 3] = 0 ; / / v i s n ow { 2 , 5 , 7 , 0 } ;
v[0] = v[1]; // v i s now { 5, 5, 7, 0 } ;
v[0,1,3 ] = { 1 , 1 , 1 } ; / / v i s n ow { 1 , 1 , 7 , 1 } ;
v[0,0,1 ] = { 2 , 2 , 2 } ; / / error: 0 i s repeated
v[0,1,3 ] = { 1 , 1 , 1 , 1 } ; / / error: LHS is 3-vector, RHS is 4-vector
v[2,1,3 ] = { 1 , 1 , 1 } ; / / error: mask indices out of order

2.2.14 integrate()

Finally, wementionthe integrate() operator, whichwediscussin moredetailin Section3 on surfaceand
light shaders.

2.3 Operator Precedence

Wede�ne thefollowingbinaryoperatorprecedences,bygroupfrom lowestprecedencetohighestprecedence:

=
== !=
> < >= <=
+ -
blend over blend_over
* /

All of thebinaryoperatorsareleft associative, exceptfor =, which is right associative.
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2.4 Statements

Our languagesupportsthreekindsof statements:variabledeclarations,expressionstatements,returnstate-
ments.Emptystatementsarepermitted;theseareignored.

A variabledeclarationis similar to C, andconsistsof a typefollowedby anidenti�er followedby anoptional
initializer followedby asemicolon.

float1 f1; // declare f1
float1 f2 = 1; / / declare and initialize f2
float4 v1 = { 1 , 2 , 3 , 4 } ; / / declare and initialize v1
float4 v2 = f 1 * v1; // declare and initialize v2

As with C++,variablesmaybedeclaredanywherein abasicblock.

Expressionstatementsaresimply anexpressionfollowedby asemicolon:

1; // valid but useless, eventually optimized away
N = normalize(N); // normalize N
NdotL = dot(N,L); // compute dot product of N and L

A returnstatementis usedto indicatethe�nal valueof ashaderor function:

return color;

2.5 Functions

Ourlanguageallowsfunctionsto bede�nedandcalledmostlylikethey arein C,with afew exceptions.First,
thereis no suchthing asa void function,andthereforeall functionsmustreturna value. Second,thereis
(currently)nosuchthingasafunctiondeclarationfor user-de�ned functions.All user-de�ned functionsmust
bede�ned beforethey maybeused.Finally, recursionis forbidden.

All of thesedifferencesaredueto theway functioncallsareimplemented.All functioncallsareinlined.

Hereis anexample.

float4 lerp (float4 a, float4 b, float afrac)
{

return afra c * a + ( 1 - afrac) * b
}

float4 bilerp (float4 v00, float4 v01, float4 v10 float4 v11,
float frac0, float frac1)

{
float4 v0 = lerp(v00, v01, frac0);
float4 v1 = lerp(v10, v11, frac0);
return lerp(v0, v1, frac1);

}

3 Surfaceshaders,light shaders,and the integrate() operator

Our languageborrows theRenderManconceptof separatesurfaceandlight shadersto provideorthogonality
betweentheseshadingoperations.Light shaderscomputehow much light is incidenton a surface,while
surfaceshaderscomputetheamountof light re�ectedtowardtheviewer, possiblyqueryinglightsto determine
andaccountfor theamountof light arriving from eachlight source.

Surfaceand light shadersare written as functionsare, except that their return typesare precededby the
shader modi�er plus alsoeither the surface or the light modi�er. In addition,shadersmust returna
float4 or a clamp4 type:
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float func () { return ...; } / / an ordinary function
surface shader float4 surf () { return ...; } / / a surface shader
light shader float4 light () { return ...; } / / a light shader

The surface and light modi�ers may alsobe appliedto functions. Whenthis is done,sucha function
may accessspecialfeatures(variablesandsuch)availableonly to surfaceand light shaders.In addition,
the function becomesaccessibleonly to othersurfaceor light functionsandshaders,asappropriate.More
examples:

surface float surffunc () { return ...; } / / a surface function
surface float lightfunc () { return ...; } / / a light function

To querylight sources,surfaceshaders(andfunctions)usethe integrate() operator. This operatortakes
an expressionandloopsover all active light sources,evaluatingthe expressiononceper light source.The
operatorreturnsthesumof theexpressionevaluations.

The integrate() operatorevaluatesspecial“per-light” expressions,which are expressionsthat depend
directly on specialbuilt-in per-light values(in particular the light vector, the half-anglevector, and the
light intensity)and/orotherper-light expressions.In evaluating a per-light expressiononceper light, the
integrate() operatorremoves theper-light attributeof theintegratedexpression.

We usea typemodi�er schemeto trackper-light expressions.Justasevery valuein our systemhasa type,
every valuealsohasa typemodi�er thatspeci�eswhetheror not thevaluechangeswith every light. In our
system,thekeyword perlight is usedto indicatesucha value. We requireall variablesandreturnvalues
thatholdper-light valuesto bedeclaredwith theperlightmodi�er. We imposethis requirementto makeuser
codemorereadable.Ourcompilerseparatelyinferswhichvaluesareperlight , andit usesthis information
to reportanerrorwhena perlight valueis storedto anon-perlight variable.

Herearesomeexamplesof perlight valuesand the integrate() operator. AssumeL, H, andCl are
per-light values:

float4 Kd = ...; // compute diffuse surface color
perlight float NdotL = max(dot(N,L),0); // max(dot(N,L),0) is perlight
perlight float intensity = Cl * NdotL; // Cl * NdotL is perlight
float color = Kd * i ntegrate(intensity); // integrate light and modulate

perlight float NdotH = dot(N,H); // dot(N,H) is perlight
float NdotH = dot(N,H); // error: missing perlight modifier

As we will seein a later sectionon built-in global values,Cl in particularreferencesthe amountof light
incidenton the surfacefrom eachlight. By referencingCl , surfaceshadersindirectly referencethe active
light shaders.

Valuesthathavebeenintegratedoncecannotbeintegratedagain.This is somethingof anarti�cial restriction
that was imposed,becauseit really doesn’t make a lot of senseto integratea value that hasalreadybeen
integrated.

4 Computation Frequencies

A key aspectof our systemis its supportfor computationsat a variety of different rates,or computation
frequencies.We supportfour differentcomputationfrequencies:onceat compile time, onceper groupof
primitives,oncepervertex, andonceper fragment.In our systemevery shadingcomputationoccursat one
of therates.

Note that we do not provide a frequency that correspondsto onceper primitive. Ideally we would support
sucha frequency, in particularfor �at shading,but do not becauseOpenGLonly provideslimited support
for that computationfrequency. Speci�cally, OpenGLdoesnot provide supportfor per-primitive texture
coordinates.
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4.1 Frequencytype modiÞers

As with our treatmentof per-light expressions,we usea typemodi�er systemto control the frequenciesat
whichcomputationsoccur. Thismodi�er speci�eshow oftenthatvalueis computed(or speci�ed,if thevalue
is aparameter).

Thereisonetypemodi�er for eachcomputationfrequency. Themodi�ers are:constant , vertex , primitive
group , andfragment . We provide anadditionalmodi�er, perbegin , for compatibilitywith theprevious
languageversion.Thisadditionalmodi�er is equivalentto theprimitive group modi�er.

Threebasetypes,namelythetwo matrixtypesandthetexref type,haveamaximumcomputationfrequency
of primitive group. This restrictioneffectively limits how oftenmatricesandtexref s maybecomputedor
speci�ed. This is somewhatof anarbitraryrestrictionfor thematrix types,sincethereis no reasonmatrices
cannotbecomputedper-vertex or per-fragment;however, we imposethis restrictionto simplify ourcompiler
somewhat. The restrictionon texref s re�ects the fact that in OpenGL,texturesare speci�ed for entire
primitivegroupsandnever moreoften(suchasper-vertex).

Our languagede�nes a setof rules to allow compilersto infer how often a particularvalue is computed.
Sucha setof rulesis importantbothbecauseit removes theneedfor theuserto explicitly managecompu-
tation frequenciesandbecauseit allows for ef�cient generationof codewhenthe userdoesnot know the
computationfrequenciesof certainvalues,in particulartheintensityof light arriving at a surface,which can
reasonablyhave any computationfrequency. In the latter case,a compiler that caninfer computationfre-
quenciescanproperlychoose,for example,vertex operationsor fragmentoperationsto integratevertex and
fragmentlights, respectively.

4.2 Computation fr equencyinferr encerules

Two rulesareusedto infer computationfrequencies.The�rst dealswith thedefaultcomputationfrequencies
of shaderparameters,while theseconddealswith thepropagationof computationfrequenciesacrossopera-
tors.By applyingtheserules,acompilercanalwaysinfer thecomputationfrequency of agivenoperation.

All shaderparametershaveawell-de�ned defaultcomputationfrequency thatindicateshow oftentheparam-
etermaybespeci�ed. This frequency dependson theparameter’s basetypeandthecorrespondingshader’s
type(surfaceor light):

Type Default for surfaces Default for lights
bool vertex primitivegroup
clampf1 vertex primitivegroup
clampf3 vertex primitivegroup
clampf4 vertex primitivegroup
float1 vertex primitivegroup
float3 vertex primitivegroup
float4 vertex primitivegroup
matrix3 primitivegroup primitivegroup
matrix4 primitivegroup primitivegroup
texref primitivegroup primitivegroup

Notethatthedefaultsaredifferentfor surfacesandlights. This re�ects thefactthattypically light properties
donot changemoreoftenthanper-primitive-group.

Thedefaultshaderparametercomputationfrequenciestakeeffectwhennocomputationfrequency isspeci�ed
with theparameter. An explicitly-speci�ed computationfrequency overridesthedefault.

Someexamples:
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surface shader float4 surf1 (float1 f) { ... } / / f i s vertex
surface shader float4 surf2 (matrix3 m) { ... } / / m i s primitive group
light shader float light1 (float1 f) { ... } / / f i s primitive group
light shader float light2 (vertex float1 f) { ... } / / f i s vertex
light shader float light3 (matrix3 m) { ... } / / m i s primitive group

Notethattherulesfor defaultcomputationfrequenciesdo notapplyto functions.They only applyto shaders:

surface surffunc1 (float1 f) { ... } / / no default computation frequency

In this case,the computationfrequency of f is determinedby the valuepassedto f whensurffunc1 is
called.

Thecomputationfrequenciesof computedvaluesaredeterminedby applyinga secondrule thatpropagates
computationfrequenciesacrossoperators.For the mostpart, we try to computethingsas infrequentlyas
possible. Speci�cally, the computationfrequency of a computedvalue is the least frequentcomputation
frequency possiblegiven theconstraintthata valuemustbecomputedat leastasoftenasthemostfrequent
valueit dependson. For example,theresultof addingavertex valueto anothervertex valueis avertex value,
but addingavertex valueto a fragmentvalueresultsin a fragmentvalue,bothbecauseof therulepreviously
mentioned,andbecausereally it doesn’t makeany senseto try to obtainvertex valuesfrom fragmentones.

A numberof operationscanonly beevaluatedatcertaincomputationfrequencies.For example,texturingcan
only becomputedper-fragment,while matrix-matrixmultiplicationcanbecomputedat mostper-primitive-
group.Weplaceadditionalconstraintsoncomputationfrequenciesto satisfythelimitationsof eachoperation.
Wedescribethedetailsof theseper-operatorconstraintsin theoperatorappendix,Section9.1.

4.3 Explicitly specifyingcomputation fr equencies

While thecomputationfrequenciesof computedvaluesareinferredusingtherulesjust described,they may
be controlledby explicitly specifyingcomputationfrequencies.For example,if two vertex valuesN andL
areto beusedto computedot(N,L) , theresultof thedot productwill normallybeper-vertex. However, a
per-fragmentdotproductcanbeachieved by �rst castingN or L (or both)to a fragmentvalue:

float3 Nf = (fragment float3) N; // cast N, fragment Nf inferred
float3 Lf = (fragment float3) L; // cast L, fragment Lf inferred
// compute and use dot(Nf,Lf)...

fragment float3 Nf = N; / / use implicit cast from assign
fragment float3 Lf = L; / / use implicit cast from assign
// compute and use dot(Nf,Lf)...

dot(N, (fragment float3)L)... // cast L only

In all threecases,oncea fragmentversionof N or L is computed,theresultingdot productis inferredto be
evaluatedper-fragment.

5 Typeconversion

A numberof type conversionsarepermitted,including conversionof clampedvaluesto �oat values,con-
versionof �oat valuesto clampedvalues,conversionfrom onecomputationfrequency to a more-frequency
computationfrequency, andconversionof non-per-light valuesto per-light values.

Convertingclampedvaluesto �oat valueshasnoeffectexceptperhapsoneof numberrepresentation(specif-
ically, �oating pointor �x edpoint). Also, since�oating-point valuesaremoregeneralthanclamped�oating-
point values,this conversionis considereda promotion. Beforeperforminganoperationthat involvesboth
clampedandunclampedvalues,clampedvaluesareautomaticallypromotedto unclampedvalues.
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Converting a �oat value to a clampedvalue clampsthe �oat value to [0, 1]. The numberrepresentation
possiblychangesalso. This conversionmay be performedexplicitly usinga type cast,or implicitly when
assigninga float valueto a clampf variable.

Conversionfrom onecomputationfrequency to anotheris only possibleif the new computationfrequency
is morefrequentthanthe old one. In mostcases,sucha conversionsimply replicatesthe old valueat the
new computationfrequency; however, theconversionfrom vertex to fragmentis special.In this case,vertex
valuesareinterpolatedbetweenverticesto obtaina fragmentvalue. Theexactnatureof the interpolationis
currentlybeingleft unspeci�ed. Our compilerfollows whatOpenGLspeci�es, i.e. texturecoordinatesare
perspective-correctwhile color valuesarenotnecessarilythatway.

Theconversionof thecomputationfrequenciesof operandsto anoperatoris performedautomaticallyasnec-
essaryfor eachoperator. This processfollows therulesfor operatoroverloadingandthefunctionprototypes
for operatorsdiscussedin latersections.

A non-per-light valuemaybeconvertedinto a per-light value. Performingthis conversionhastheeffect of
replicatingthenon-per-light valuefor every light.

Unlike in C, thereis noway to interpretthevalueof acomparisonnumerically.

6 Global variables

Our systemsupportsuser-de�ned globalvariablesaslong asthey areconstantandtheir valuesarespeci�ed.
Globalsmustbeexplicitly declaredasconstant:

constant float4 Red = { 1, 0, 0, 1 } ; / / valid
constant float4 Red; // error: missing definition
float4 Red = { 1 , 0 , 0 , 1 } ; / / error: missing constant keyword

constant float4 DarkRed = 0.5 * Red; // functions of constants are valid

A numberof globalvaluesareprede�nedandinitialized on demandbeforea shaderexecutes,or, in thecase
of prede�nedperlight globals,beforeeachevaluationof the expressionintegratedby the corresponding
integrate() operator. Theprede�nedlight shaderglobalvariablesare:

vertex float3 S; // light-space surface vector, normalized
vertex float Sdist; // distance to surface point

Theprede�nedsurfaceshaderglobalsare:

vertex float3 N; // eye-space normal vector, normalized
vertex float3 T; // eye-space tangent vector, normalized
vertex float3 B; // eye-space binormal vector, normalized
vertex float3 E; // eye-space eye vector, normalized

vertex float4 P; // eye-space surface position, w=1
vertex float4 Pobj; // object-space surface position, w=1

perbegin float4 Ca; // color of global ambient light

vertex float4 Cprev; // previous framebuffer color

vertex perlight float3 L; // eye-space light vector, normalized
vertex perlight float3 H; // eye-space halfangle vector, normalized

vertex perlight float4 Cl; // color of light (from a light shader)
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Notethatthede�nitions of thevariousglobalscurrentlycauselight shadersto beevaluatedin light spaceand
surfaceshadersto beevaluatedin eye space.Light spaceis de�ned by the light’s positionandorientation,
while eyespaceis de�ned by theviewer’spositionandorientation.

Theuseof built-in parametersimplicitly makesa shaderdependenton oneor moreimplicit shaderparam-
eterswhich areusedto evaluatethe built-in parameters.It is importantto recognizetheseimplicit shader
parameterseven thoughthey arenot a formal partof the language,sinceultimately theusermustsetthese
parametersin additionto all thoseexplicitly requiredby the active surfaceandlight shaders.The implicit
parametersare:

perbegin float4 __ambient; // color of global ambient light
perbegin matrix4 __modelview; // modelview matrix
perbegin matrix4 __projection; // projection matrix

vertex float3 __normal; / / object-space normal vector
vertex float3 __tangent; // object-space tangent vector
vertex float3 __binormal; // object-space binormal vector
vertex float4 __position; // object-space surface position

perbegin perlight float4 __lightpos; // homogeneous position of light
perbegin perlight float3 __lightdir; // unnormalized eye-space light direction
perbegin perlight float3 __lightup; // unnormalized eye-space light up vector

Perlightbuilt-in parametersmustbespeci�edonceperactive light shader.

Notethatall shadersdependon __modelview , __projection , and__position .

7 Function Overloading

Our languageallows functionsto beoverloadedin a mannersimilar to C++. Overloadingallows for many
functionsto beavailablewhena functionis called.Availability is de�ned asa functionwith thesamename
andnumberof parameters.We de�ne a setof rulesto selectwhich function to selectwhenmorethanone
choiceis available. The rulesexaminethe basetypesof the parametersusedin the call to form groupsof
matchingfunctions.

The �rst groupconsistsof functionswhoseparameterbasetypesmatchthebasetypesof theparametersin
thecall exactly.

Thesecondgroupconsistsof functionswhoseparameterbasetypesmatchthebasetypesof theparameters
in thecall throughthepossibleuseof promotion.In particular, we considerthepromotionof clamped�oats
to �oats to form matches.

Thethird groupconsistsof functionswhoseparameterbasetypesmatchthebasetypesof theparametersin
thecall throughtheuseof bothpromotionanddemotion.

The�rst groupis checked�rst. If empty, thesecondgroupis checked,andlikewisefor thethird group.If all
threegroupsareempty, thereis no match,andanerror is generated.If any groupbeingcheckedhasmore
thanonechoiceavailable,thecall is ambiguous,andanerror is generated.A matchis foundonly if exactly
onematchis availablein the�rst non-emptygroup.

This overloadingmechanismis usedfor user-de�ned functionsas well as built-in functionsand built-in
operators.Built-in functionsandoperatorsarede�ned usingfunction prototypesin the operatorappendix,
Section9.1.



8-22 

8 Conditional Compilation

Today’s hardware platformsoffer differing setsof functionality. Someoperatorsare not available on all
hardware.To solve this problem,our languagesupportsconditionalcompilationusinga very-limitedsubset
of C-preprocessordirectives.Wesupport:

#if <integer>
#ifdef <identifier>
#ifndef <identifier>
#else
#endif
#define <identifier>
#undef <identifier>

To promotethecreationof functionlibraries,wealsoprovidea limited includedirective:

#include "<filename>"

Weonlysupportrelative�lenames,whichmustbedouble-quoted.Wedonotsupportangle-bracked�lenames
for searchingincludedirectories.

Our compilerprede�nesa numberof identi�ers basedon whetheror not certainhardwarefeaturesareavail-
able.Theseidenti�ers are:

• HAVE_FRAGMENT_SUBTRACT. Indicateswhetheror not thesubtractoperatoris availableper-fragment.

• HAVE_TEXTURE_3D. Indicateswhetheror not the texture3d operatoris available.

• HAVE_CUBEMAP. Indicateswhetheror not thecubemap operatoris avialble.

• HAVE_BUMPOPS. Indicateswhetheror not thebumpdiff andbumpspec operatorsareavailable.

• HAVE_REGISTER_COMBINERS. Coverstheavailability of the following operatorsper-fragment:dot ,
select , rgb , blue , alpha , lthalf , cubenorm .

• HAVE_FRAGMENT_INDEX. Indicateswhetheror not the [] operatoris availableper-fragment.

• HAVE_FRAGMENT_COMPARES. Indicateswhetheror not the ==, != , >, <, >=, and <= operatorsare
availableper-fragment.

• HAVE_FRAGMENT_PROGRAM. Coversavailability of thefollowingoperatorsper-fragment:dot , select ,
rgb , blue , alpha , lthalf , arithmeticoperators(add,subtract,multiply, divide), join , swizzle ,
normalize , cross , length , max, min , pow, reflect , sqrt , sin , cos , ceil , floor , trunc , mod,
dx , dy , xyz_screen , andassignmentmask.

9 Appendices

9.1 Built-in operatorsand functions

In this appendix,we describetheenumeratethebuilt-in operatorsandfunctionsmadeavailableby our lan-
guage.Exceptfor thesyntaxby whichthey arereferredto,built-in operatorsandfunctionsbehaveidentically.

Everybuilt-in operatorandfunctionhasarangeof computationfrequenciesatwhich it maybeevaluated;the
rangespeci�esbothaminimumandamaximumfrequency.

As describedearlier, valuesareevaluatedasinfrequentlyaspossible.We de�ne this computationfrequency
preciselyasthemaximumfrequency amongall of anoperator’s operandsandtheoperator’s miminumcom-
putationfrequency.
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Minimum andmaximumcomputationfrequencieslimit thekindsof operationsavailableateachcomputation
frequency. For example, they restrict many matrix manipulationoperationsto a maximumcomputation
frequency of per-primitive-group,andthey forcetexturemappingto beper-fragment.

An error is generatedif an operator’s evaluation computationfrequency exceedsthe operator’s maximum
computationfrequency.

In additionto eachoperatorhaving a rangeof computationfrequencies,everyoperandof everyoperatoralso
hasanassociatedrangeof computationfrequencies.In mostcases,this rangehasa minimum frequency of
constantandamaximumfrequency equalto themaximumfrequency of theoperatoritself, but in afew cases,
therangeis morerestrictive. For example,currenthardwaredoesnotsupporttheuseof per-fragmenttexture
coordinates.Wethereforelimit themaximumcomputationfrequency of texturecoordinatesto vertex values.

In caseswheretheminimumfrequency of anoperandis notmet,thevaluepassedto theoperandis automati-
cally castto anappropriatecomputationfrequency. In caseswherethemaximumfrequency of an operandis
exceeded,anerroris generated.

Not all operationsaresupportedby all hardwareat all computationfrequencies.The compiler is allowed
to generateanerrorwhenanunsupportedoperationis used.Thesectionregardingconditionalcompilation
enumeratesthemostimportantsetsof operatorsthatfall into this category.

We now list all of the available operators. In the listings below, rangesare speci�ed using a [min:]max
syntax.For operators,if themin is unspeci�ed,it defaultsto constant . For operands,if themin andmax
areunspeci�ed,the rangedefaultsto the rangeof the correspondingoperator, otherwiseif only the min is
unspeci�ed,themin defaultsto themax.

fragment float1 operator+ (float1, float1)
fragment float3 operator+ (float3, float3)
fragment float4 operator+ (float4, float4)
fragment clampf1 operator+ (clampf1, clampf1)
fragment clampf3 operator+ (clampf3, clampf3)
fragment clampf4 operator+ (clampf4, clampf4)

fragment float1 operator- (float1, float1)
fragment float3 operator- (float3, float3)
fragment float4 operator- (float4, float4)
fragment clampf1 operator- (clampf1, clampf1)
fragment clampf3 operator- (clampf3, clampf3)
fragment clampf4 operator- (clampf4, clampf4)

fragment float1 operator* (float1, float1)
fragment float3 operator* (float3, float3)
fragment float3 operator* (float1, float3)
fragment float3 operator* (float3, float1)
fragment float4 operator* (float4, float4)
fragment float4 operator* (float1, float4)
fragment float4 operator* (float4, float1)
fragment clampf1 operator* (clampf1, clampf1)
fragment clampf3 operator* (clampf3, clampf3)
fragment clampf3 operator* (clampf1, clampf3)
fragment clampf3 operator* (clampf3, clampf1)
fragment clampf4 operator* (clampf4, clampf4)
fragment clampf4 operator* (clampf1, clampf4)
fragment clampf4 operator* (clampf4, clampf1)
perbegin matrix3 operator* (matrix3, matrix3)
perbegin matrix4 operator* (matrix4, matrix4)
vertex float3 operator* (matrix3, float3)
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vertex float4 operator* (matrix4, float4)

fragment float1 operator/ (float1, float1)
fragment float3 operator/ (float3, float3)
fragment float3 operator/ (float1, float3)
fragment float3 operator/ (float3, float1)
fragment float4 operator/ (float4, float4)
fragment float4 operator/ (float1, float4)
fragment float4 operator/ (float4, float1)
fragment clampf1 operator/ (clampf1, clampf1)
fragment clampf3 operator/ (clampf3, clampf3)
fragment clampf3 operator/ (clampf1, clampf3)
fragment clampf3 operator/ (clampf3, clampf1)
fragment clampf4 operator/ (clampf4, clampf4)
fragment clampf4 operator/ (clampf1, clampf4)
fragment clampf4 operator/ (clampf4, clampf1)

fragment float1 operator/ (float1, float1)
fragment float3 operator/ (float3, float3)
fragment float3 operator/ (float1, float3)
fragment float3 operator/ (float3, float1)
fragment float4 operator/ (float4, float4)
fragment float4 operator/ (float1, float4)
fragment float4 operator/ (float4, float1)
fragment clampf1 operator/ (clampf1, clampf1)
fragment clampf3 operator/ (clampf3, clampf3)
fragment clampf3 operator/ (clampf1, clampf3)
fragment clampf3 operator/ (clampf3, clampf1)
fragment clampf4 operator/ (clampf4, clampf4)
fragment clampf4 operator/ (clampf1, clampf4)
fragment clampf4 operator/ (clampf4, clampf1)

fragment float1 operator- (float1)
fragment float3 operator- (float3)
fragment float4 operator- (float4)

fragment float1 operator[] (float3)
fragment float1 operator[] (float4)
fragment clampf1 operator[] (clampf3)
fragment clampf1 operator[] (clampf4)
perbegin float3 operator[] (matrix3)
perbegin float4 operator[] (matrix4)

fragment float3 operator[] (float1)
fragment float3 operator[] (float3)
fragment float3 operator[] (float4)
fragment clampf3 operator[] (clampf1)
fragment clampf3 operator[] (clampf3)
fragment clampf3 operator[] (clampf4)
fragment float4 operator[] (float1)
fragment float4 operator[] (float3)
fragment float4 operator[] (float4)
fragment clampf4 operator[] (clampf1)
fragment clampf4 operator[] (clampf3)
fragment clampf4 operator[] (clampf4)

fragment float3 operator writemask (float3)
fragment float4 operator writemask (float4)
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vertex float3 operator{} (float, float, float)
vertex float4 operator{} (float, float, float, float)
vertex clampf3 operator{} (clampf, clampf, clampf)
vertex clampf4 operator{} (clampf, clampf, clampf, clampf)

fragment float3 operator{} (float, float, float)
fragment float4 operator{} (float, float, float, float)
fragment clampf3 operator{} (clampf, clampf, clampf)
fragment clampf4 operator{} (clampf, clampf, clampf, clampf)

fragment float4 operator{} (float3 rgb, float1 alpha)
fragment clampf4 operator{} (clampf3 rgb, clampf1 alpha)
perbegin matrix3 operator{} (float3, float3, float3)
perbegin matrix4 operator{} (float4, float4, float4, float4)

fragment bool operator== (float, float)
fragment bool operator!= (float, float)
fragment bool operator> (float, float)
fragment bool operator< (float, float)
fragment bool operator>= (float, float)
fragment bool operator<= (float, float)

fragment bool operator== (clampf, clampf)
fragment bool operator!= (clampf, clampf)
fragment bool operator> (clampf, clampf)
fragment bool operator< (clampf, clampf)
fragment bool operator>= (clampf, clampf)
fragment bool operator<= (clampf, clampf)

fragment bool operator and (bool, bool)
fragment bool operator or (bool, bool)
fragment bool operator xor (bool, bool)
fragment bool operator not (bool, bool)

fragment float4 operator blend (float4, float4)
fragment clampf4 operator blend (clampf4, clampf4)
fragment float4 operator over (float4, float4)
fragment clampf4 operator over (clampf4, clampf4)
fragment float4 operator blend_over (float4, float4)
fragment clampf4 operator blend_over (clampf4, clampf4)

surface fragment float1 operator integrate (float1)
surface fragment float3 operator integrate (float3)
surface fragment float4 operator integrate (float4)
surface fragment clampf1 operator integrate (clampf1)
surface fragment clampf3 operator integrate (clampf3)
surface fragment clampf4 operator integrate (clampf4)

fragment bool operator () (bool)
fragment float operator ( ) (float)
fragment float3 operator () (float3)
fragment float4 operator () (float4)
fragment clampf operator () (clampf)
fragment clampf3 operator () (clampf3)
fragment clampf4 operator () (clampf4)
perbegin matrix3 operator () (matrix4)
perbegin matrix4 operator () (matrix4)
perbegin texref operator () (texref)
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constant matrix3 identity3 ()
constant matrix4 identity ()

perbegin matrix3 affine (matrix4)
perbegin matrix3 invert (matrix3)
perbegin matrix3 rotate3 (float angle, float x, float y, float z)
perbegin matrix3 scale3 (float x, float y, float z)
perbegin matrix3 transpose (matrix3)
perbegin matrix4 frustum (float l, float r, float b, float t, float n, float f)
perbegin matrix4 invert (matrix4)
perbegin matrix4 lookat (float ex, float ey, float ez, float cx, float cy,

float cz, float ux, float uy, float uz)
perbegin matrix4 ortho (float l, float r, float b, float t, float n, float f)
perbegin matrix4 rotate (float angle, float x, float y, float z)
perbegin matrix4 scale (float x, float y, float z)
perbegin matrix4 translate (float x, float y, float z)
perbegin matrix4 transpose (matrix4)

fragment float clamp (float val, float lo, float hi)
fragment float3 clamp (float3 val, float lo, float hi)
fragment float3 clamp (float3 val, float3 lo, float3 hi)
fragment float4 clamp (float4 val, float lo, float hi)
fragment float4 clamp (float4 val, float4 lo, float4 hi)
fragment float3 cross (float3, float3)
fragment float dot (float3, float3)
fragment float dot (float4, float4)
fragment float length (float3)
fragment float length (float4)
fragment float max (float, float)
fragment float3 max (float3, float3)
fragment float4 max (float4, float4)
fragment float min (float, float)
fragment float3 min (float3, float3)
fragment float4 min (float4, float4)
fragment float3 normalize (float3)
fragment float4 normalize (float4)
fragment float pow (float val, float exp)
fragment float3 reflect (float3 vec, float3 norm)
fragment float sqrt (float)
fragment float cos (float)
fragment float sin (float)
fragment float ceil (float)
fragment float floor (float)
fragment float mod (float, float)
fragment float trunc (float)

fragment float dx (float)
fragment float3 dx (float3)
fragment float4 dx (float4)
fragment float dy (float)
fragment float3 dy (float3)
fragment float4 dy (float4)

fragment float4 xyz_screen ()

fragment float1 select (bool, float1, float1)
fragment float3 select (bool, float3, float3)
fragment float4 select (bool, float4, float4)
fragment clampf1 select (bool, clampf1, clampf1)
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fragment clampf3 select (bool, clampf3, clampf3)
fragment clampf4 select (bool, clampf4, clampf4)
fragment float3 rgb (float1)
fragment float3 rgb (float4)
fragment clampf3 rgb (clampf1)
fragment clampf3 rgb (clampf4)
fragment float1 blue (float3)
fragment float1 blue (float4)
fragment clampf1 blue (clampf3)
fragment clampf1 blue (clampf4)
fragment float1 alpha (float4)
fragment clampf1 alpha (clampf4)
fragment bool lthalf (float1)
fragment bool lthalf (clampf1)

fragment:fragment clampf4 lut (fragment clampf4)
fragment:fragment clampf4 texture (texref tex, constant:vertex float3 coord)
fragment:fragment clampf4 texture (texref tex, constant:vertex float4 coord)
fragment:fragment clampf4 texture3d (texref tex, constant:vertex float3 coord)
fragment:fragment clampf4 texture3d (texref tex, constant:vertex float4 coord)
fragment:fragment clampf4 cubemap (texref ref, constant:vertex float3 coord)
fragment:fragment clampf4 cubemap (texref ref, constant:vertex float4 coord)
fragment:fragment clampf3 cubenorm (constant:vertex float3 vec)
fragment:fragment clampf4 bumpdiff (texref ref, constant:vertex float4 coord,

constant:vertex float3 Ltan)
fragment:fragment clampf4 bumpspec (texref ref, constant:vertex float4 coord,

constant:vertex float3 Htan)

9.2 Grammar

Thefollowing grammardescribestheoverall organizationof thelanguage.

PROGRAM: DECL_LIST

DECL_LIST : DECL_LIST DECL

DECL : TYPE IDENT ;
| TYPE IDENT = EXPR ;
| TYPE IDENT ( PARAM_LIST ) { STMT_LIST }

TYPE : MOD_LIST BASE_TYPE

MOD_LIST : MOD_LIST MOD

MOD: constant | primitive group | vertex | fragment | light | surface |
shader | perlight | perbegin

BASE_TYPE : bool | clampf | clampf1 | clampf3 | clampf4 | clampfv |
float | float1 | float3 | float4 | floatv | matrix3 | matrix4 |
matrix | texref

PARAM_LIST : PARAM
| PARAM_LIST ’ , ’ PARAM

PARAM: TYPE IDENT

STMT_LIST : STMT_LIST STMT

STMT : TYPE IDENT ;
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| TYPE IDENT = EXPR ;
| EXPR ;
| return EXPR ;
| ;

EXPR : UNARY= EXPR
| EXPR BINOP EXPR
| UNARY

BINOP : == | ! = | > | < | > = | < = | + | - | blend | over | blend_ove r | * | /

UNARY : - UNARY
| ( TYPE ) UNARY
| PRIMARY

PRIMARY : ( EXPR )
| { EXPR_LIST }
| IDENT
| PRIMARY [ INTEGER ]
| PRIMARY [ INTEGER, INTEGER, INTEGER ]
| PRIMARY [ INTEGER, INTEGER, INTEGER, INTEGER ]
| integrate ( EXPR )
| IDENT ( EXPR_LIST )
| INTEGER
| FLOAT

EXPR_LIST : EXPR
| EXPR_LIST , EXPR

Thefollowing non-terminalsaredescribedby regularexpressions:

IDENT : [_a-zA-Z][_a-zA-Z0-9]*
INTEGER : [0-9]+
FLOAT : (([0-9]+(\.[0-9]*)?)|(\.[0-9]+))([eE][-+]?[0-9]+)?f?

9.3 Sampleshaders

The following exampleshadersserve to illustratehow the shadinglanguagemight be usedto implementa
numberof interestingshadingeffects.

// Useful constants

constant float4 Zero = { 0, 0, 0, 0 } ;
constant float4 Black = { 0, 0, 0, 1 } ;
constant float4 White = { 1, 1, 1, 1 } ;

constant float pi = 3.14159;

// Light shaders

light float
atten (float ac, float al, float aq)
{

return 1.0 / ((aq * Sdist + al) * Sdist + ac);
}

light shader float4
simple_light (float4 color, float ac, float al, float aq)
{
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return color * atten(ac, al, aq);
}

float
smoothstep (float value, float min, float max)
{

floa t t = clamp((value - min) / (max - min), 0, 1);
retur n t * t * ( 3 - 2 * t ) ;

}

float
smoothspot (float spot_cos, float inner_edge_angle, float outer_edge_angle)
{

float inner_cos = cos(inner_edge_angle * pi / 180);
float outer_cos = cos(outer_edge_angle * pi / 180);
return smoothstep(spot_cos, outer_cos, inner_cos);

}

light shader float4
spotlight (float4 color, float ac, float al, float aq)
{

float4 Cl = smoothspot(-S[2], 15, 30) * color * atten(ac, al, aq);
return Cl;

}

light float4
star_projector_f (float4 color, float ac, float al, float aq, texref stars,

float time)
{

float4 Cl = smoothspot(-S[2], 15, 30) * color * atten(ac, al, aq);
float4 uv = { S[0], S[1], 0, -S[2] }; // project
matrix4 t_rot = rotate(time * 15, 0, 0, 1);
return Cl * texture(stars, t_rot * scale(1.5, 1.5, 1) * uv);

}

light shader float4
star_projector (float4 color, float ac, float al, float aq, texref stars)
{

return star_projector_f(color, ac, al, aq, stars, 0);
}

light shader float4
star_projector_anim (float4 color, float ac, float al, float aq, texref stars,

float time)
{

return star_projector_f(color, ac, al, aq, stars, time);
}

// Reflection models

surface float4
lightmodel (float4 a, float4 d, float4 s, float4 e, float sh)
{

perlight float diffuse = dot(N,L);
perlight float specular = pow(max(dot(N,H),0),sh);
perlight float4 fr = select(diffuse > 0, d * diffus e + s * s pecular, Zero);
retur n a * C a + integrate(fr * Cl) + e;

}



8-30 

surface float4
lightmodel_diffuse (float4 a, float4 d)
{

perlight float diffuse = dot(N,L);
perlight float4 fr = select(diffuse > 0, d * diffuse, Zero);
retur n a * C a + integrate(fr * Cl);

}

surface float4
lightmodel_specular (float4 s, float4 e, float sh)
{

perlight float diffuse = dot(N,L);
perlight float specular = pow(max(dot(N,H),0),sh);
perlight float4 fr = select(diffuse > 0, s * specular, Zero);
return integrate(fr * Cl) + e;

}

surface float4
lightmodel_anisotropic_u (float4 a, float4 d, float4 s, float4 e, float sh)
{

float EdotT = dot(E,T);
perlight float LdotT = dot(L,T);
perlight float diff = sqrt(1 - LdotT * LdotT);
perlight float spec = max(diff * sqrt(1 - EdotT*EdotT) - LdotT*EdotT, 0);
perlight float4 fr = max(dot(N,L),0) * ( d * dif f + s * pow(spec,sh));
retur n a * C a + integrate(fr * Cl) + e;

}

surface float4
lightmodel_anisotropic_v (float4 a, float4 d, float4 s, float4 e, float sh)
{

float EdotB = dot(E,B);
perlight float LdotB = dot(L,B);
perlight float diff = sqrt(1 - LdotB*LdotB);
perlight float spec = max(diff * sqrt(1 - EdotB*EdotB) - LdotB*EdotB, 0);
perlight float4 fr = max(dot(N,L),0) * ( d * dif f + s * pow(spec,sh));
retur n a * C a + integrate(fr * Cl) + e;

}

float center (float value) { return 0.5 * value + 0.5; }

surface float4
lightmodel_textured_anisotropic_u (texref anisotex, float4 a, float4 e)
{

perlight float4 uv = { center(dot(T,E)), center(dot(T,L)), 0, 1 } ;
// moving Cl helps group vertex/fragment computations
//perlight float4 fr = max(dot(N,L),0) * texture(anisotex, uv);
//retur n a * C a + i ntegrate(Cl * fr) + e;
perlight float4 clfr = Cl * max(dot(N,L),0) * texture(anisotex, uv);
retur n a * C a + integrate(clfr) + e;

}

surface float4
lightmodel_textured_anisotropic_v (texref anisotex, float4 a, float4 e)
{

perlight float4 uv = { center(dot(B,E)), center(dot(B,L)), 0, 1 } ;
// moving Cl helps group vertex/fragment computations
//perlight float4 fr = max(dot(N,L),0) * texture(anisotex, uv);
//retur n a * C a + i ntegrate(Cl * fr) + e;
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perlight float4 clfr = Cl * max(dot(N,L),0) * texture(anisotex, uv);
retur n a * C a + integrate(clfr) + e;

}

surface float4
lightmodel_cartoon (texref cartoon, float4 a, float4 d)
{

perlight float fr = max(dot(N,L),0);
// clamp upper end to avoid texture border color
float4 uv = { min(integrate(fr) + 0.2, 0.75), 0, 0, 1 } ;
retur n a * C a + d * texture(cartoon, uv);

}

// Standard material properties

constant float4 Ma = { 0.35, 0.35, 0.35, 1.00 };
constant float4 Md = { 0.50, 0.50, 0.50, 1.00 };
constant float4 Ms = { 1.00, 1.00, 1.00, 1.00 };
constant float4 Me = { 0.00, 0.00, 0.00, 0.00 };
constant float Msh = 300;

surface shader float4
default ()
{

return lightmodel(Ma, Md, Ms, Me, Msh);
}

surface shader float4
cartoontest (texref cartoon)
{

return lightmodel_cartoon(cartoon, {.4, .4, .8, 1}, {.4, .4, .8, 1});
}

surface shader float4
bowling_pin (texref pinbase, texref bruns, texref circle, texref coated,

texref marks, float4 uv)
{

float4 uv_wra p = { u v[0], 10 * Pobj[1], 0, 1 } ;
float4 uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 1 } ;
matrix4 t_base = invert(translate(0, -7.5, 0) * scale(0.667, 15, 1));
matrix4 t_bruns = i nvert(translate(-2.6, -2.8, 0) * scale(5.2, 5.2, 1));
matrix4 t_circle = i nvert(translate(-0.8, -1.15, 0) * scale(1.4, 1.4, 1));
matrix4 t_coated = i nvert(translate(2.6, -2.8, 0) * scale(-5.2, 5.2, 1));
matrix4 t_marks = i nvert(translate(2.0, 7.5, 0) * scale (4, -15, 1));
float front = select(Pobj[2] >= 0, 1, 0);
float back = select(Pobj[2] <= 0, 1, 0);
float4 Base = texture(pinbase, t_base * uv_wrap);
float4 Bruns = front * texture(bruns, t_bruns * uv_label);
float4 Circle = front * texture(circle, t_circle * uv_label);
float4 Coated = back * texture(coated, t_coated * uv_label);
float4 Marks = texture(marks, t_marks * uv_wrap);
float4 Cd = lightmodel_diffuse({ 0.4, 0.4, 0.4, 1 } , { 0.5, 0.5, 0.5, 1 });
float4 Cs = lightmodel_specular({ 0.35, 0.35, 0.35, 1 } , Zero, 20);
return (Circle over (Bruns over (Coated over Base))) * (Marks * Cd) + Cs;

}

surface shader float4
glossy_moons (texref gloss, float4 uv)
{
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float4 base_ a = { 0 . 1, 0.1, 0.1, 1.00 };
float4 base_ d = { 0 . 70, 0.40, 0.10, 1.00 };
float4 base_ s = { 0 . 07, 0.04, 0.01, 1.00 };
float4 base_ e = { 0 . 00, 0.00, 0.00, 1.00 };
float base_sh = 15;

float4 gloss_ a = { 0 .07, 0.04, 0.01, 1.00 };
float4 gloss_ d = { 0 .07, 0.04, 0.01, 1.00 };
float4 gloss_ s = { 1 .00, 0.90, 0.60, 1.00 };
float4 gloss_ e = { 0 .00, 0.00, 0.00, 1.00 };
float gloss_sh = 25;

float4 Cbase = lightmodel(base_a, base_d, base_s, base_e, base_sh);
float4 Cgloss = lightmodel(gloss_a, gloss_d, gloss_s, gloss_e, gloss_sh);

float4 uv_gloss = i nvert(scale(.335,.335,1)) * uv;
return Cbase + Cgloss * texture(gloss, uv_gloss);

}

surface shader float4
anisotropic_ball_vertex (texref star)
{

float4 Ma = { 0.1, 0.1, 0.1, 1.0 };
float4 Md = { 0.3, 0.3, 0.3, 1.0 };
float4 Ms = { 0.7, 0.7, 0.7, 1.0 };
float4 Me = { 0.0, 0.0, 0.0, 0.0 };
float Msh = 15;
float4 base = texture(star, { center(Pobj[2]), center(Pobj[0]), 0, 1 });
return base * lightmodel_anisotropic_v(Ma, Md, Ms, Me, Msh);

}

surface shader float4
anisotropic_ball_texture (texref star, texref anisotex)
{

float4 Ma = { 0.1, 0.1, 0.1, 1.0 };
float4 Me = { 0.0, 0.0, 0.0, 0.0 };
float4 base = texture(star, { center(Pobj[2]), center(Pobj[0]), 0, 1 });
return base * lightmodel_textured_anisotropic_v(anisotex, Ma, Me);

}

surface float4
spheremap (texref env)
{

float 3 R = normalize(reflect(E,N ) + { 0 , 0 , 1 } ) ;
float4 uv = { center(R[0]), center(R[1]), 0, 1 } ;

return texture(env, uv);
}

surface shader float4
sphere_map_env (texref env)
{

return spheremap(env);
}

surface shader float4
poolball (texref one, float4 uv)
{

float4 Ma = { 0.35, 0.35, 0.35, 1.00 };
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float4 Md = { 0.50, 0.50, 0.50, 1.00 };
float4 Ms = { 1.00, 1.00, 1.00, 1.00 };
float4 Me = { 0.00, 0.00, 0.00, 1.00 };
float Msh = 127;
float4 Cd = lightmodel_diffuse(Ma, Md);
float4 Cs = lightmodel_specular(Ms, Me, Msh);
matrix4 tm = invert(translate(0.35, 0.2, 0.0) * scale(0.3, 0.6, 1.0));
return Cd * texture(one, tm * uv) + Cs;

}

surface shader float4
poolball_with_env (texref one, texref env, float4 uv)
{

float4 Ma = { 0.35, 0.35, 0.35, 1.00 };
float4 Md = { 0.50, 0.50, 0.50, 1.00 };
float4 Ms = { 1.00, 1.00, 1.00, 1.00 };
float4 Me = { 0.00, 0.00, 0.00, 1.00 };
float Msh = 127;
float4 Cd = lightmodel_diffuse(Ma, Md);
float4 Cs = lightmodel_specular(Ms, Me, Msh);
matrix4 tm = invert(translate(0.35, 0.2, 0.0) * scale(0.3, 0.6, 1.0));
return Cd * texture(one, tm * uv) + (Cs + spheremap(env));

}

float4
turb (texref noise, float4 uv)
{

float4 uv_0 = invert(rotate(30.2, 0, 0, 1) * scale(4, 4, 1)) * uv;
float4 uv_1 = invert(rotate(-35.5, 0, 0, 1) * scale(2, 2, 1)) * uv;
float4 uv_2 = invert(rotate(274.1, 0, 0, 1) * scale(1, 1, 1)) * uv;
float4 N_0 = 0.57 * texture(noise, uv_0);
float4 N_1 = 0.29 * texture(noise, uv_1);
float4 N_2 = 0.14 * texture(noise, uv_2);
return N_0 + N_1 + N_2;

}

surface shader float4
noise_2d_multipass (texref noise, float4 uv)
{

return turb(noise, uv);
}

surface shader float4
noise_2d_multipass_specular_modulate (texref noise, float4 uv)
{

float4 Cl = lightmodel(Ma, Md, Ms, Me, Msh);
return Cl * turb(noise, uv);

}

surface shader float4
noise_2d_multipass_specular_separate (texref noise, float4 uv)
{

float4 Cd = lightmodel_diffuse(Ma, Md);
float4 Cs = lightmodel_specular(Ms, Me, Msh);
return Cd * turb(noise, uv) + Cs;

}

float4
skymap (texref clouds, float4 dir, float time)
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{
dir = normalize(dir);
dir = { dir[0], dir[1] , 4 * (dir[2] + 0.707), 0 } ;
dir = normalize(dir);
float4 uv_lo = dir * { 2, 2, 0, 0 } + { time / 15 , time / 15, 0, 1 } ;
float4 uv_hi = dir * { 3, 3, 0, 0 } + { time / 15 , time / 15, 0, 1 } ;
float4 Lo = texture(clouds, uv_lo);
float4 Hi = texture(clouds, rotate(125, 0, 0, 1) * uv_hi);
// for now, do not use Lo over (Hi over { 0.6, 0.5, 1.0, 1.0 })
// texture_env_combine does not do over correctly
return Lo over Hi over { 0.6, 0.5, 1.0, 1.0 };

}

surface shader float4
quake_sky (texref clouds, float time)
{

return skymap(clouds, { Pobj[0], -Pobj[2], Pobj[1], 0 } , time);
}

surface shader float4
bowling_pin_with_sky (texref pinbase, texref bruns, texref circle,

texref coated, texref marks, float4 uv,
texref clouds, float time)

{
float4 uv_wra p = { u v[0], 10 * Pobj[1], 0, 1 } ;
float4 uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 1 } ;
matrix4 t_base = invert(translate(0, -7.5, 0) * scale(0.667, 15, 1));
matrix4 t_bruns = i nvert(translate(-2.6, -2.8, 0) * scale(5.2, 5.2, 1));
matrix4 t_circle = i nvert(translate(-0.8, -1.15, 0) * scale(1.4, 1.4, 1));
matrix4 t_coated = i nvert(translate(2.6, -2.8, 0) * scale(-5.2, 5.2, 1));
matrix4 t_marks = i nvert(translate(2.0, 7.5, 0) * scale (4, -15, 1));
float front = select(Pobj[2] >= 0, 1, 0);
float back = select(Pobj[2] <= 0, 1, 0);
float4 Base = texture(pinbase, t_base * uv_wrap);
float4 Bruns = front * texture(bruns, t_bruns * uv_label);
float4 Circle = front * texture(circle, t_circle * uv_label);
float4 Coated = back * texture(coated, t_coated * uv_label);
float4 Marks = texture(marks, t_marks * uv_wrap);
float Lscale = 0.5;
float4 Cd = lightmodel_diffuse({ 0.4, 0.4, 0.4, 1 } , { 0.5, 0.5, 0.5, 1 });
Cd = Cd * Lscale;
float4 Cs = lightmodel_specular({ 0.35, 0.35, 0.35, 1 } , Zero, 20);
Cs = Cs * Lscale;
float 3 R = reflect(E,N);
return (Circle over (Bruns over (Coated over Base))) * (Marks * Cd) + Cs +

0.5 * skymap(clouds, { R[0], -R[2], R[1], 0 } , time);
}

#ifdef HAVE_BUMPOPS

surface shader float4
bowling_pin_bump (texref pinbase, texref bruns, texref circle, texref coated,

texref marks, texref marksbump, float4 uv)
{

float4 uv_wra p = { u v[0], 10 * Pobj[1], 0, 1 } ;
float4 uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 1 } ;
matrix4 t_base = invert(translate(0, -7.5, 0) * scale(0.667, 15, 1));
matrix4 t_bruns = i nvert(translate(-2.6, -2.8, 0) * scale(5.2, 5.2, 1));
matrix4 t_circle = i nvert(translate(-0.8, -1.15, 0) * scale(1.4, 1.4, 1));
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matrix4 t_coated = i nvert(translate(2.6, -2.8, 0) * scale(-5.2, 5.2, 1));
matrix4 t_marks = i nvert(translate(2.0, 7.5, 0) * scale (4, -15, 1));
float front = select(Pobj[2] >= 0, 1, 0);
float back = select(Pobj[2] <= 0, 1, 0);
float4 Base = texture(pinbase, t_base * uv_wrap);
float4 Bruns = front * texture(bruns, t_bruns * uv_label);
float4 Circle = front * texture(circle, t_circle * uv_label);
float4 Coated = back * texture(coated, t_coated * uv_label);
float4 uv_marks = t _marks * uv_wrap;
float4 Marks = texture(marks, uv_marks);
perlight float3 Lt = { dot(T,L), dot(B,L), dot(N,L) };
perlight float3 Ht = { dot(T,H), dot(B,H), dot(N,H) };
float4 Ma = {.4,.4,.4,1};
float4 Md = {.5,.5,.5,1};
float4 Ms = {.3,.3,.3,1};
float4 Kd = (Circle over (Bruns over (Coated over Base))) * Marks;
return Kd * Ma +

integrate(Cl * (Kd * Md * bumpdiff(marksbump, uv_marks, Lt)
blend(ONE,SRC_ALPHA)
Ms * bumpspec(marksbump, uv_marks, Ht)));

}

#endif /* HAVE_BUMPOPS*/

#ifdef HAVE_CUBEMAP

surface shader float4
cube_from_obj_normal (texref cube) {

return cubemap(cube, {-1,-1,1}*__normal);
}

surface shader float4
poolball_with_cube (texref one, float4 uv, texref cube)
{

float4 Ma = . 5 * { 0 .35, 0.35, 0.35, 1.00 };
float4 Md = . 5 * { 0 .50, 0.50, 0.50, 1.00 };
float4 Ms = . 5 * { 1 .00, 1.00, 1.00, 1.00 };
float4 Me = . 5 * { 0 .00, 0.00, 0.00, 1.00 };
float Msh = 127;
float4 Cd = lightmodel_diffuse(Ma, Md);
float4 Cs = lightmodel_specular(Ms, Me, Msh);
matrix4 tm = invert(translate(0.35, 0.2, 0.0) * scale(0.3, 0.6, 1.0));
float 3 R = reflect(E,N);
return Cd * texture(one, tm * uv) + Cs + 0.4 * cubemap(cube, {-1,-1,1}*R);

}

#endif /* HAVE_CUBEMAP*/
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ShadingSystemImmediate-ModeAPI v2.2

William R. Mark andC. PhilippSchloter

April 4, 2002

1 Intr oduction

This documentdescribesmodi�cationsto theOpenGLAPI to supporttheimmediate-modeuseof theStanford

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

API. Theseextensionsareimplementedasa layeron topof regularOpenGL.

Theimmediate-modeAPI supportsthefollowing majoroperations:

1. Loadingthesourcecodefor a light shaderor surfaceshaderfrom a �le.

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 con�gure framebuffer blending

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

areallowedwith our “nv” fragmentbackend.

Using a forbiddenOpenGLcommandwhile a programmable-shaderis active will result in unde�ned

behavior.
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2 Initialization

sglInit()

Theapplicationmustinitialize theprogrammableshadingsystemby calling sglInit() once,before

callingany othersgl* routines.

3 Loading shadersourcecode

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

Loadsthe sourcecodefor the shadernamedshaderName from �le filename , andassignsit the

identi�er shaderCodeID . Any othershadersthat arespeci�ed in the �le are ignored. The loadedshader

sourcecodebecomesthe active shadersourcecode. The speci�ed shadermay be eithera light shaderor a

surfaceshader. shaderCodeID mustbeunusedwhenthis routineis called.Thereturncodeis 0 if therewere

noerrors,1 if therewas an error.

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-speci�ed identi�er

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

applyto 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 currentlyactive shaderto that speci�ed by shaderID . Note that it is illegal to render

geometrywhena light shaderis bound.

SpecifyingSGL STD OPENGLrevertsto thestandardOpenGLlighting/shadingmodel.
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5 Associatinglights with a surface

For ef�ciency 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,compilethelight shadertwice. Our systemimposesthis requirementbecausethe

lightShaderIDis usedto specifyhow light parametersaremodi�ed. “Identical” lightswill usuallyhavedifferent

parametervalues(e.g.position).

5.1 Settingparametervalues

For performancereasons,shaderparametersareidenti�ed at rendering-timewith numericidenti�ers ratherthan

names.For eachcompiledshader, theprogrammercanchoosethebindingsfrom namesto numericidenti�ers,

within someconstraints.We refer to thenumericparameteridenti�ers asparameterhandles. Eachcompiled

surfaceor light shaderhasits own parameter-handlespace.

Thereis animportantadvantageto 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 MAXPARAMHANDLE. Thevalueof SGL MAXPARAMHANDLEis

guaranteedto beno lessthan15.

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

sglParameter*v(GLuint paramHandle, TYPE *v)

Assignsavalueto theshaderparameter(s)speci�edby paramHandle . 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
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valueof 1.0. Whenusingour system,the usermustalwaysspecifyall four componentsof the color value.

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

fourthvaluesshouldusuallybesetto 0.0and1.0respectively.

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

sglParameter16* variants.ThesglParameter16* variantsareusedtospecifymatrixparameters,using

OpenGL’sarrayformat.

If theshadinglanguagespeci�esa parameter’s typeaseitherclampf or clampfv , typeconversions

areperformedin thesamemannerasthey arefor theOpenGLglColor* routines(seeOpenGLRedBook,3rd

edition,Table4-1).1. In summary, integer-to-�oat 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 de�ned using the

language.Texturesare de�ned by the applicationprogram,thenpassedto the shading-languageroutineas

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

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

theintegerparameteris thetextureNamecreatedusingglBindTexture() .

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

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

Assignsa value to the light parameterspeci�ed by paramHandle . The “compiled” light shaderis

speci�ed by lightShaderID . For a per-vertex parameter, this routinemay 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 routinede�ned for thatpurpose.

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

pname canbeSGL POSITION, SGL DIRECTION, or SGL UPAXIS. The light directionde�nes the

�

�

axisin light space,andtheupaxisde�nesthe � axisin light space.

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

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

elementof thevectorshouldusuallybesetto 1.0.For SGL DIRECTIONandSGL 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,a signed-bytevalueof -127mapsto -1.0,whereasin OpenGLthevalueof -128mapsto -1.0
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5.3 AmbientLight

sglAmbient*(...)

Specifythe globalambientcolor. This color is accessiblein surfaceshadersusingthe pre-de�nedCa

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

notbecalledinsidea Begin/Endpair.

6 Replacementsfor 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

unde�nedbehavior.

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

areunde�ned.
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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 speci�ed by sglParameterPointer(int

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

dles are SGL VERTEX, SGL NOMRAL, SGL BINORMAL, SGL TANGENTor any parameterhandle

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

standardOpenGLvertex-arrayconventions. 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 BINORMALor

SGL TANGENTarrays.

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 arraywas bothspeci�ed

andactivated.All otherparameterarraysareoptional.SGL NOMRAL, SGL BINORMALandSGL TANGENT

aresetto constantdefaultvaluesif notprovided.
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7 Advancedfeatures

7.1 Manual backendconÞguration

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

retrievethenumberof parametersfor thecurrentsurfaceshader:

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

shader.

To retrievethenameandnumberof valuesfor a speci�c parameter:

sglGetParameterInfo(int p, char **name, int *vcnt) wherepde�nestheparameterof the

currentshader, rangingfrom0 to (1-count),namereturnsthenameof theparameterandvcntreturnsthenumber

of valuesfor this parameter. E.g. for a �oat4 parameter, vcntwould return4.

To retrievethelists of parametersrequiredby a light shader, usethefollowing routines:

sglGetLightParameterCount(int lightid, int *count)

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

Both routinestake a lightid asparameterthatspeci�esthelight 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.
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9 Err or Handling

Theshadingsystemhasa � exible methodfor handlingerrors. Errorsaredivided into two classes,minor and

major. For eachclassof error, theapplicationcanchooseoneof four behaviors:

� SGMSGNONE– No messageis printed,andprogramexecutioncontinues.Errorscanonly bedetected

by polling for themusingsglGetError .

� SGL MSGWARNONCE– A messageis printed for the �rst error that occurs,andprogramexecution

continues.No messageis printedfor subsequenterrors.

� SGL MSGWARN– A messageis printedfor everyerrorthatoccurs,andprogramexecutioncontinues.

� SGL MSGABORT– Whenanerroroccurs,amesssageis printedandprogramexecutionis halted.

sglDebugLevel(int minor, int major)

Specifythebehavior for minorandmajorerrors.Thedefaultis sglDebugLevel(SGL MSGWARNONCE,

SGL MSGABORT).

GLenum sglGetError(void)

Poll for anerror. If no errorhasoccurred,GL NOERRORis returned.If anerrorhasoccurred,theerror

codeis returned.

const GLubyte* sglErrorString(GLenum errorCode)

Returnsa descriptivestringcorrespondingto anerrorcode.

10 SystemTips

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

into onesuchpair.

Becauseof restrictionsin currentgraphicshardware,if a translucentshaderis implementedusingmore

thanonehardwarepass,overlappingtransparentprimitiveswill not rendercorrectly. Youmustcall sglFlush

betweeneachgroupof potentiallyoverlappingprimitives to avoid this problem.
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Simple Pr ogra m that uses Immediate -Mode In terface 
 

#include <stdlib.h> 
#include <stdio.h> 
#include <string.h> 
#include <GL/glut.h> 
 
#include "imode.h" 
 
/* 
 * Macro to check OpenGL error status, and print message if so 
 */ 
#define check_gl_error do {GLenum glerr; \ 
    while ((glerr = glGetError()) != GL_NO_ERROR) \ 
      fprintf(stderr, "OpenGL error '%s' at %s:%i\n", gluErrorString(glerr), \ 
       __FILE__, __LINE__);} while(0) 
 
/* The following parameter handles can be chosen mostly arbitrarily 
   (must be smallish, unique numbers) */ 
#define PH_COLOR 1 
#define PH_AC 2 
#define PH_AL 3 
#define PH_AQ  4 
#define PH_TEX  7 
#define PH_UV 8 
#define PH_SURFCOLOR   9 
 
/* glBindTexture ID */ 
#define TEXID 1 
 
GLfloat light_diffuse[] = {1.0, 0.0, 0.0, 1.0}; 
 
/* 
 * Checkboard texture 
 */ 
#define checkWidth  64 
#define checkHeight 64 
static GLubyte checkImage[checkWidth][checkHeight][4]; 
 
void makeCheckImage(void) { 
  int i,j,c; 
  for (i=0; i<checkHeight; i++) { 
    for (j=0; j<checkWidth; j++) { 
      c = (((i&0x8)==0) (̂(j&0x8)==0))*255; 
      checkImage[i][j][0] = (GLubyte) c; 
      checkImage[i][j][1] = (GLubyte) c; 
      checkImage[i][j][2] = (GLubyte) c; 
      checkImage[i][j][3] = (GLubyte) 255; 
    } 
  } 
} 
 
/* 
 * Sets up checkboard as texture #TEXID 
 */ 
void setupTexture() { 
  makeCheckImage(); 
  glPixelStorei(GL_UNPACK_ALIGNMENT, 1); 
  glBindTexture(GL_TEXTURE_2D, TEXID); 
  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP); 
  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP); 
  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, 

          GL_NEAREST); 
  glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, 

          GL_NEAREST); 
  glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, checkWidth, checkHeight, 
        0, GL_RGBA, GL_UNSIGNED_BYTE, checkImage); 
} 

 
 
/* 
 * draw cube with clockwise verts when looking at cube from outside 
 */ 
void drawcube(void) { 
  GLfloat red[]   = {1.0, 0.0, 0.0, 1.0}; 
  GLfloat green[] = {0.0, 1.0, 0.0, 1.0}; 
  GLfloat blue[]  = {0.0, 0.0, 1.0, 1.0}; 
  float UVa[] = {0.0, 0.0, 0.0, 1.0}; 
  float UVb[] = {0.0, 1.0, 0.0, 1.0}; 
  float UVc[] = {1.0, 1.0, 0.0, 1.0}; 
  float UVd[] = {1.0, 0.0, 0.0, 1.0}; 
 
  sglBegin(GL_QUADS); 
  sglParameter4fv(PH_SURFCOLOR, red); 
  /* x=1 face */ 
  sglNormal3f( 1.0,  0.0,  0.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f( 1.0, -1.0, -1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f( 1.0, -1.0,  1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f( 1.0,  1.0,  1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f( 1.0,  1.0, -1.0); 
  /* x=-1 face */ 
  sglNormal3f(-1.0,  0.0,  0.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f(-1.0, -1.0, -1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f(-1.0,  1.0, -1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f(-1.0,  1.0,  1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f(-1.0, -1.0,  1.0); 
  /* y=1 face */ 
  sglParameter4fv(PH_SURFCOLOR, green); 
  sglNormal3f( 0.0, 1.0,  0.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f(-1.0, 1.0, -1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f( 1.0, 1.0, -1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f( 1.0, 1.0,  1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f(-1.0, 1.0,  1.0); 
  /* y=-1 face */ 
  sglNormal3f( 0.0,-1.0,  0.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f(-1.0,-1.0, -1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f(-1.0,-1.0,  1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f( 1.0,-1.0,  1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f( 1.0,-1.0, -1.0); 
  /* z=1 face */ 
  sglParameter4fv(PH_SURFCOLOR, blue); 
  sglNormal3f( 0.0, 0.0,  1.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f(-1.0,-1.0,  1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f(-1.0, 1.0,  1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f( 1.0, 1.0,  1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f( 1.0,-1.0,  1.0); 
  /* z=-1 face */ 
  sglNormal3f( 0.0, 0.0, -1.0); 
  sglParameter4fv(PH_UV, UVa);    sglVertex3f(-1.0,-1.0, -1.0); 
  sglParameter4fv(PH_UV, UVb);    sglVertex3f( 1.0,-1.0, -1.0); 
  sglParameter4fv(PH_UV, UVc);    sglVertex3f( 1.0, 1.0, -1.0); 
  sglParameter4fv(PH_UV, UVd);    sglVertex3f(-1.0, 1.0, -1.0); 
  sglEnd(); 
} 
 
 
 
 
 
 
 
 
continue d on ne xt page
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static void init_shader_params(void) { 
  static float light_ambient[4] = { 0.2, 0.2, 0.2, 1.0 }; 
  static int frame = 0; 
 
  /* 
   * Changes to modelview matrix 
   */ 
  glMatrixMode(GL_MODELVIEW); 
  glLoadIdentity(); 
  gluLookAt(0.0, 0.0, 5,    /* Eye */ 
     0.0, 0.0, 0.0,  /* Center */ 
     0.0, 1.0, 0.0); /* Up */ 
  glTranslatef(0.0, 0.0, -1.0); 
  glRotatef((float)frame++, 0.0, 1.0, 0.0); 
  glRotatef(35.264, 1.0, 0.0, 0.0); 
  glRotatef(45, 0.0, 0.0, 1.0); 
 
  sglAmbient4fv(light_ambient); 
} 
 
/* GLUT keyboard callback -- Quit when 'Q' key is pressed */ 
void keyboard(unsigned char key, int x, int y) { 
  switch (key) { 
  case 'q': case 'Q': /* quit */ 
    exit(0); 
    break; 
  } 
} 
 
/* GLUT reshape callback -- reset viewport when window size changes */ 
void reshape(GLint w, GLint h) { 
  sglViewport(0, 0, w, h); 
} 
 
/* GLUT idle callback -- continuously redraw so that we get animation */ 
void dynamicIdle(void) { 
  glutPostRedisplay(); 
} 
 
/* GLUT display callback -- draw the scene */ 
void display(void) { 
  glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 
  sglBindShader(200); 
  init_shader_params(); 
  drawcube(); 
  glutSwapBuffers(); 
  check_gl_error; 
} 
 
void gfxinit(void) { 
  float light_color[4] = { 1.0, 1.0, 1.0, 1.0 }; 
  float atten_constant = 1.0; 
  float atten_linear = 0.01; 
  float atten_quadratic = 0.0; 
  GLfloat light_position[] = {3.0, 3.0, 3.0, 1.0}; 
 
  glEnable(GL_DEPTH_TEST); 
  glMatrixMode(GL_PROJECTION); 
  gluPerspective( /* FOV in deg */ 40.0, /* Aspect ratio */ 1.0, 

        /* Znear */ 1.0, /* Zfar */ 10.0); 
  glMatrixMode(GL_MODELVIEW); 
  gluLookAt(0.0, 0.0, 5,    /* Eye */ 
     0.0, 0.0, 0.0,  /* Center */ 
     0.0, 1.0, 0.0); /* Up */ 
  glTranslatef(0.0, 0.0, -1.0); 
 
  

 /* 
   * Shading system setup 
   */ 
#if 0 
  /* Specify specific codegens; without this defaults are used */ 
  set_bcodegen("x86"); 
  set_vcodegen("nv20"); 
  set_fcodegen("nv"); 
#endif 
  sglInit(); 
 
  
 /* 
   * Load and compile light shader 
   */ 
  sglShaderFile(99, "simple_light", "../simpshade.in"); 
  sglCompileShader(299); 
  sglParameterHandle("color", PH_COLOR); 
  sglParameterHandle("ac", PH_AC); 
  sglParameterHandle("al",  PH_AL); 
  sglParameterHandle("aq",  PH_AQ); 
  /* 
   * Specify light position & configuration 
   */ 
  sglLightPosefv(299,  SGL_POSITION, light_position); 
  sglLightParameter4fv(299, PH_COLOR, light_color); 
  sglLightParameter1f(299, PH_AC,  atten_constant); 
  sglLightParameter1f(299, PH_AL,  atten_linear); 
  sglLightParameter1f(299,  PH_AQ,  atten_quadratic); 
 
  /* 
   * Load and compile surface shader 
   */ 
  sglShaderFile(1, "simple_surface", "../simpshade.in"); 
  sglUseLight(299); 
  sglCompileShader(200); 
  sglParameterHandle("surfcolor",  PH_SURFCOLOR); 
  sglParameterHandle("tex",           PH_TEX); 
  sglParameterHandle("uv", PH_UV); 
} 
   
int main(int argc, char **argv) { 
  /* 
   * GLUT setup 
   */ 
  glutInit(&argc, argv); 
  glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH); 
  glutCreateWindow("simple"); 
  glutDisplayFunc(display); 
  glutReshapeFunc(reshape); 
  glutIdleFunc(dynamicIdle); 
  glutKeyboardFunc(keyboard); 
 
  /* 
   * Initialize graphics 
   */ 
  gfxinit(); 
  setupTexture(); 
  sglParameter1i(PH_TEX, TEXID); 
 
  /* 
   * Start event loop 
   */ 
  glutMainLoop(); 
  return 0; 
} 
 
 
 

 




