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The Stanford redl-time procedurd shading systan compiles shalers written in ahigh-level shaling

language to graphics hadware. In particula, thesystem @n compile tographics hardare with
programmable ertex and fragment pipelines.

Some of the key featuresof the g/stemare:

The user wites shades in a hidp-level, hadware-independent shadidanguage.

The shadig language supports multiple computat frequemies. Theseomputation
frequencies — fragnent, vertex, and primitivegroup — ma wel to graphics hardware
The ystem uss a vell-defined interral interface b support a varigtof compiler back
ends. A diferentconpiler backend @n be usedor eachcomputaton frequeng. Each
compiler baclkend tagets a particulardrdware interface .g. registe-combiner
fragment hadware).

The gstem inclues conpiler back ends tht taget progammable vetex and fragment
hardwae.

We have written two papers thd disauss vaious aspets of our gstem:

A RealTime ProceduralShading Systemfor Progranmable Graphics Hadware
Kekoa Proudfoot, William R. Mark,\&toslav Tzvetkov, Pat Hanrah. SGGRAPH
2001. This paper describes the compleystem.

Compilingto aVLIW Fragment Pipdine. William R. Mark and Keka Proudfoot.
SIGGRAPH/Eurgraphics Graphics lrdware 20Q..

This paper describes ttsystem’s compiler for theegister-combiner archécture.

The material in theseouse notes complementsee publications. ¥have included the
following:

1. An exanple shader (aubowling-pin sha@r),andthe conpiled code hat our system
produces fothat shade The compiled code is f@a Gd-orce3 — it includs fregment coa
(regste-combine configuration), vetex code(NV_vertex_progran code), and primitive
groupcode K86 CPU cde).

2. Doaumentation for our ystem's immediate-mode intdface This inteface is use to
specify andcompile shadrs; to specif geometry to be rendeed; and to sethader
parametes. This interfaeis a layer that runs on top of OperlG

3. An example program that use our g/stem’s immedide-modeinterface.

4. Documentation for ourystem’s shadig language, with a variet of example shaders.

Additional information is available on ourgectweb pae,
http://graphics.stanford.edu/projects/shading
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Bowling-Pin Shader and Functi ons Called by It

Bowling- Pin Surf ace Shader

I

/I This shader does the complete bowling pin, and fits into a single pass
/I on the GeForce3

1

surface shader float4

bowling_pin(texref basemarks, texref decals, texref bumps, float4 uv) {

/l 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, O, 1);
float4 uv_decals = select(front==1, uv_front, uv_back);

/I Look up textures

float4 Decals = texture(decals, uv_decals);

float4 BaseMarks = texture(basemarks, uv_basemarks);
float Marks = alpha(BaseMarks);

float3 Base = rgb(BaseMarks);

/I 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’)

/I 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) {

/l Compute normalized tangent-space light vectors
vertex perlight float3 Ltan = tangentspace(L);
vertex perlight float3 Htan = tangentspace(H);

/I 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

/I Diffuse

/lperlight 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 * clampO1(NdotL) * clampOl(shadow) * N_avglen;

Il Specular

perlight float3 Hnorm = normalize((fragment perlight float3) Htan);
perlight float NdotH = clampOZl1(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;
} /1 lightmodel_bumps

Other Functions Cal led by Bow ling-pin Sh ader

surface float3
tangentspace(float3 V) {
/I 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});

}

/I Clamp scalar to range [0,1]
surface clampf clampO1(float x) {return (clampf) x;}
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Compi ler-Generated Fragment Cod e for Bo wling-Pin 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'

#xxk GLOBAL PASS INPUTS #rx*
V0.rgb = interpolate(0.5*(Ltan+{1,1,1}));
V1.rgb = interpolate(Cl);

TO.rgba = TEXSHADE.rgba

T1.rgba = TEXSHADE.rgba

T2.rgba = TEXSHADE.rgba

T3.rgb = TEXSHADE.rgb

*kkkkkkkkkkk RGB STAGE 0 *kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 0 *kkkkkkkkkkkk
T3.rgb={L} L =(2*T2.rgb]-1) dot (2*[T3.rgb]-1) SO.a={L} L=T3.b
T2.rgb={R} R =(2*T2.rgb]-1) dot (2*[VO.rgb]-1)

*kkkkkkkkkkk RGB STAGE 1 *kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 1 *kkkkkkkkkkkk
L =TO.rgb L =[z0.a]
R =T1l.rgb * (1-[T0.aaa]) R =[T3.b]
TOrgb={M} M=L+R V0.a={M} M=(S0.a<05)?L:R
K*kkkkkkkkkkk RGB STAGE 2 K*kkkkkkkkkkkkk K*kkkkkkkkkk ALPHA STAGE 2 K*kkkkkkkkkkkk
TO.rgb={L} L=TO.rghb*Tl.aaa V0.a={L} L=V0.a*V0.a
To.a={R} R=T2b
K*kkkkkkkkkkk RGB STAGE 3 K*kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 3 K*kkkkkkkkkkkk
T1l.rgb = {0.5*L} L =TO.rgb VO0.a={L} L=V0.a*V0.a
*kkkkkkkkkkk RGB STAGE 4 K*kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 4 *kkkkkkkkkkkk
VO.rgb={L} L=T1l.rgb*[T0.aaa] L = (2*[V0.b]-1)
Tlrgb={R} R =V0.aaa*V0.aaa R = (2*[V0.b]-1)
Tla={4M} M=L+R
*kkkkkkkkkkk RGB STAGE 5 *kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 5 *kkkkkkkkkkkk
VO.rgb ={L} L =VO0.rgb*[T1l.aaa] Vo.a={L} L=Tlb*Tla

PER-STAGE PASS INPUTS FOR STAGE 6:

LO.rgb ={0.300000, 0.300000, 0.300000}

*kkkkkkkkkkk RGB STAGE 6 K*kkkkkkkkkkkkk K*kkkkkkkkkk ALPHA STAGE 6 K*kkkkkkkkkkkk
L =VO0.rgb * T2.aaa
R =V0.aaa * LO.rgh

VOorgb={M} M=L+R

PER-STAGE PASS INPUTS FOR STAGE 7:

LO.rgb ={0.400000, 0.400000, 0.400000}

*kkkkkkkkkkk RGB STAGE 7 *kkkkkkkkkkkkk *kkkkkkkkkk ALPHA STAGE 7 *kkkkkkkkkkkk
L =V1.rgb * VO.rgb
R = TO.rgb * LO.rgb

VOorgb={M} M=L+R

kkkkkhkkkkk RGB FINAL STAGE kkkkkkkkkkk kkkkkkkkkk ALPHA FINAL STAGE kkkkkkkkkk
OUT.rgb = [V0.rgb] OUT.a = (1-[20.a])
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Compi ler-Generated Vertex Code fo r Bowling-Pin Shader
(NV_vertex_program code)

"const ant" regi sters

c[0]-c[3
c[4]-c[7
c[8]

] =
] =
= __lightpos

__projection * __modelview
__modelview
[light position]

c[9]-c[11] = affine(__modelview)
c[12]-c[14] = transpose(invert(affine(__modelview)))

c[15]
c[16].x
c[16].y
c[16].z
c[16].w
c[17]
c[18]
c[19]
c[20].x

1IVP1.0

= color [light color]
= (__lightpos[3] == 0.0) [is the light directional?]

=aq [light quadratic attenuation factor]
=al [light linear attenuation factor]
=ac [light constant attenuation factor]

= {0.0961539 0 0.25 -0.5}
={00.192308 0.538462 1}
= {0 0.0666667 0.5 3}
=10

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[O] ;

DP4 R6.w, c[7], V[0] ;
MOV R2,R6;

RCP
MUL
ADD

R6.x, R6.w ;
R7, R2, R6.X ;
R2, c[8], -R7 ;

MAD R2, c[16].x, -R2, R2;
MOV R, 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 R1l.y, R6,R4;
DP3 R3.x, ¢[12], V[3] ;
DP3 R3.y, c[13], v[3] ;
DP3 R3.z, c[14], v[3] ;
DP3 R8., 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].wwwxX ;
MUL o[COLO0].xyz, -c[17].w, R1;
DP3 R8.x,R2, R2;

RSQ R1,R8.x;

DST R2,R8x,R1;

DP3 R1.x, R2, c[16].wzyy ;
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vertex-source
registers

v[0]: __position
v[1]: _ tangent
v[2]: __binormal
v[3]: __normal
v[4]: uv

RCP R1.x, R1.x;

MUL R1, c[15], R1.x;

MOV 0[COL1].xyz, R1;

SGE R1.x,v[0].z, c[17].y ;
MAD R1l.z, R1.x, -c[17].y, c[17].y;
MAD R1l.z, R1.x, c[18].w, R1l.z;
SLT R1.y, c[19].w, v[4].x;
MAD R1.x, R1l.y, -c[18].w, c[18].w ;
MAD R1.x, Rly, 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 RLl.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 R2x, -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 RO.x, R1,R5;

DP3 ROy, R1, R4 ;

DP3 RO0.z, R1, R3;

DP3 R1.x, RO, RO;

RSQ R1.x,R1.x;

MUL o[TEX3].xyz, RO, R1.x;
END



Compi ler-Generated Pri mitive-Group Code for Bowling-Pin Shader
(x86 CPU code)

push  ebp mov [edi+60h], eax mov eax, [ebx+2Ch]
mov ebp, esp mov eax, [ebp+8h] mov [edi+110h], eax
sub esp, 0x0000000c mov eax, [eax+40h] mov eax, [ebx+30h]
push esi mov eax, [eax] mov [edi+114h], eax
push  edi mov [edi+64h], eax mov eax, [ebx+34h]
push  ebx mov eax, [ebp+8h] mov [edi+118h], eax
fnstcw [ebp-4h] mov eax, [eax+48h] mov eax, [ebx+38h]
fnclex mov eax, [eax] mov [edi+11Ch], eax
mov edi, [ebp+Ch] mov [edi+68h], eax mov eax, [ebx+3Ch]
mov ebx, [ebp+8h] mov eax, [ebp+8h] mov [edi+120h], eax
mov ebx, [ebx+50h] mov eax, [eax+68h] mov eax, [edi+20h]
mov eax, [ebx] mov eax, [eax] mov [edi+124h], eax
mov [edi], eax mov [edi+6Ch], eax mov [edi+128h], 0x00000000
mov eax, [ebx+4h] mov eax, [ebp+8h] fld [edi+124h]

mov [edi+4h], eax mov eax, [eax+70h] fcomp [edi+128h]

mov eax, [ebx+8h] mov eax, [eax] fnstsw eax

mov [edi+8h], eax mov [edi+70h], eax test  eax, 0x00004000
mov eax, [ebx+Ch] mov eax, [ebp+8h] mov eax, 0x3f800000
mov [edi+Ch], eax mov eax, [eax+60h] jinz I 0

mov eax, [ebp+8h] mov eax, [eax] xor eax, eax

mov eax, [eax+38h] mov [edi+74h], eax I_0:

mov eax, [eax] lea eax, [edi+24h] mov [edi+12Ch], eax
mov [edi+10h], eax push  eax mov eax, [edi+14h]
mov ebx, [ebp+8h] lea eax, [edi+78h] mov [edi+130h], eax
mov ebx, [ebx+30h] push  eax mov eax, [edi+18h]
mov eax, [ebx] mov [ebp-Ch], 0x0040105a mov [edi+134h], eax
mov [edi+14h], eax call [ebp-Ch] mov eax, [edi+1Ch]
mov eax, [ebx+4h] add esp, 0x00000008 mov [edi+138h], eax
mov [edi+18h], eax lea eax, [edi+78h] lea eax, [edi+24h]
mov eax, [ebx+8h] push  eax push eax

mov [edi+1Ch], eax lea eax, [edi+9Ch] lea eax, [edi+E4h]
mov eax, [ebx+Ch] push  eax push  eax

mov [edi+20h], eax mov [ebp-Ch], 0x00401672 lea eax, [edi+13Ch]
mov ebx, [ebp+8h] call  [ebp-Ch] push  eax

mov ebx, [ebx+28h] add esp, 0x00000008 mov [ebp-Ch], 0x004014ba
mov eax, [ebx] lea eax, [edi+9Ch] call [ebp-Ch]

mov [edi+24h], eax push  eax add esp, 0x0000000c
mov eax, [ebx+4h] lea eax, [edi+CO0h] mov ebx, [ebp+10h]
mov [edi+28h], eax push  eax mov eax, [edi]

mov eax, [ebx+8h] mov [ebp-Ch], 0x0040120d mov [ebx], eax
mov [edi+2Ch], eax call  [ebp-Ch] mov eax, [edi+4h]
mov eax, [ebx+Ch] add esp, 0x00000008 mov [ebx+4h], eax
mov [edi+30h], eax mov ebx, [ebp+8h] mov eax, [edi+8h]
mov eax, [ebx+10h] mov ebx, [ebx] mov [ebx+8h], eax
mov [edi+34h], eax mov eax, [ebx] mov eax, [edi+Ch]
mov eax, [ebx+14h] mov [edi+E4h], eax mov [ebx+Ch], eax
mov [edi+38h], eax mov eax, [ebx+4h] mov eax, [edi+10h]
mov eax, [ebx+18h] mov [edi+E8h], eax mov [ebx+10h], eax
mov [edi+3Ch], eax mov eax, [ebx+8h] mov eax, [edi+24h]
mov eax, [ebx+1Ch] mov [edi+ECh], eax mov [ebx+14h], eax
mov [edi+40h], eax mov eax, [ebx+Ch] mov eax, [edi+28h]
mov eax, [ebx+20h] mov [edi+FOh], eax mov [ebx+18h], eax
mov [edi+44h], eax mov eax, [ebx+10h] mov eax, [edi+2Ch]
mov eax, [ebx+24h] mov [edi+F4h], eax mov [ebx+1Ch], eax
mov [edi+48h], eax mov eax, [ebx+14h] mov eax, [edi+30h]
mov eax, [ebx+28h] mov [edi+F8h], eax mov [ebx+20h], eax
mov [edi+4Ch], eax mov eax, [ebx+18h] mov eax, [edi+34h]
mov eax, [ebx+2Ch] mov [edi+FCh], eax mov [ebx+24h], eax
mov [edi+50h], eax mov eax, [ebx+1Ch] mov eax, [edi+38h]
mov eax, [ebx+30h] mov [edi+100h], eax mov [ebx+28h], eax
mov [edi+54h], eax mov eax, [ebx+20h] mov eax, [edi+3Ch]
mov eax, [ebx+34h] mov [edi+104h], eax mov [ebx+2Ch], eax
mov [edi+58h], eax mov eax, [ebx+24h] mov eax, [edi+40h]
mov eax, [ebx+38h] mov [edi+108h], eax mov [ebx+30h], eax
mov [edi+5Ch], eax mov eax, [ebx+28h] mov eax, [edi+44h]
mov eax, [ebx+3Ch] mov [edi+10Ch], eax mov [ebx+34h], eax
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mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov

eax, [edi+48h]
[ebx+38h], eax
eax, [edi+4Ch]
[ebx+3Ch], eax
eax, [edi+50h]
[ebx+40h], eax
eax, [edi+54h]
[ebx+44h], eax
eax, [edi+58h]
[ebx+48h], eax
eax, [edi+5Ch]
[ebx+4Ch], eax
eax, [edi+60h]
[ebx+50h], eax
eax, [edi+64h]

[ebx+54h], eax
eax, [edi+68h]
[ebx+58h], eax

eax, [edi+6Ch]
[ebx+5Ch], eax
eax, [edi+70h]
[ebx+60h], eax
eax, [edi+74h]

[ebx+64h], eax
eax, [edi+78h]
[ebx+68h], eax

eax, [edi+7Ch]
[ebx+6Ch], eax
eax, [edi+80h]
[ebx+70h], eax
eax, [edi+84h]

[ebx+74h], eax
eax, [edi+88h]
[ebx+78h], eax

eax, [edi+8Ch]
[ebx+7Ch], eax
eax, [edi+90h]
[ebx+80h], eax
eax, [edi+94h]

[ebx+84h], eax
eax, [edi+98h]
[ebx+88h], eax

eax, [edi+COh]
[ebx+8Ch], eax
eax, [edi+C4h]
[ebx+90h], eax
eax, [edi+C8h]

[ebx+94h], eax
eax, [edi+CCh]
[ebx+98h], eax

eax, [edi+DOh]
[ebx+9Ch], eax
eax, [edi+D4h]
[ebx+A0h], eax
eax, [edi+D8h]
[ebx+A4h], eax
eax, [edi+DCh]
[ebx+A8h], eax
eax, [edi+EOh]
[ebx+ACh], eax
eax, [edi+12Ch]
[ebx+BO0h], eax
eax, [edi+130h]
[ebx+B4h], eax
eax, [edi+134h]
[ebx+B8h], eax
eax, [edi+138h]
[ebx+BCh], eax
eax, [edi+13Ch]
[ebx+COh], eax
eax, [edi+140h]

mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
fldew
pop
pop
pop
mov
pop
ret

[ebx+C4h], eax
eax, [edi+144h]
[ebx+C8h], eax
eax, [edi+148h]
[ebx+CCh], eax
eax, [edi+14Ch]
[ebx+DOh], eax
eax, [edi+150h]
[ebx+D4h], eax
eax, [edi+154h]
[ebx+D8h], eax
eax, [edi+158h]
[ebx+DCh], eax
eax, [edi+15Ch]
[ebx+EOh], eax
eax, [edi+160h]
[ebx+E4h], eax
eax, [edi+164h]
[ebx+E8h], eax
eax, [edi+168h]
[ebx+ECHh], eax
eax, [edi+16Ch]
[ebx+FOh], eax
eax, [edi+170h]
[ebx+F4h], eax
eax, [edi+174h]
[ebx+F8h], eax
eax, [edi+178h]
[ebx+FCh], eax

[ebp-4h]
ebx
edi
esi

esp, ebp

ebp
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1 Languageversion history

The versionl languagehadlisp-like parentheticatonstructsand shadersexpressionf x ed colors, tex-
tures,andlit materials. The only datatype was a [0, 1] clampedcolor, andthe allowed operatorsvereadd,
multiply , andblend (over)

Theversion2 languageeplacedhelisp-like constructof theversionl languagewith onesmorelike C. The
underlyingexpressionspperatorsanddatatypesdid not change.

Theversion3 languagevasdiscussedbut neverimplementedTheintentwasto extendtheversion2 language
to remove therestrictionthat colors, textures,andlit materialsbe x ed by makingthesedatatypescon g-
urablethroughparameterso shadersThis languagerersionwas alsoto introducea separatiorbetweerlight
shaderandsurfaceshaders.

Theversiond languageallowedshaderso becon guredusingshadeparameterandprovidedalight/surface
shadembstractionlt alsointroducedheconcepbf multiple computatiorfrequenciesmakinguseof typesto

managevhenandhow computationareperformed.New vertex andprimitive-groupprocessingapabilities
wereexposedio complement setof fragmentprocessingapabilitiessimilar to thoseavailablein previous
languageversions.

The version5 languageallowed us to explore compilationto advancedfragmentprocessingipelines. The
new featuresncludedthree-componentectors three-by-threenatrices three-\ectoroperationsmorefrag-
mentoperationspperatordo assistwith compilingto fragmentpipelines,andconditionalcompilation.

Theversion6 languages describedn thisdocumentlt is anextensionof theversion5 languagehatprovides
additionaloperatorsand functionsto assistwith compiling to advancedvertex and fragmenthardware. In
particular this revision addsthe following new features:

» Booleanlogical operatorgSection2.2.6)

 Derivative operator{Section2.2.3)

Generalndex operator[]  with swizzle(Section2.2.1)
» AssignmentritemaskgSection2.2.13)

« An operatorto accesscreen-spacpositionanddepthvalueperfragment(Section2.2.11)

2 Basics

Thegeneraformatof ourlanguageaswell asourlanguages declaratiorandexpressiorsyntax,is similarto
C. Our languagedoes,however, have a numberof notabledifferences.Theseincludea differentsetof data
types,a numberof specializedype modi ers, a slightly differentsetof operatorsanddifferentsemantics
with regardsto function calls and global variables. Thesedifferenceswill becomeclearerasyou proceed
throughthis document.

As with C, our languagerelieson white spaceandindentingonly to the extentthatthey separateokensin
thelanguageWhite spaceandindentingareotherwiseignored.

Commentsare allowed in our language. Thesemay be denotedusing eitherthe C /* * syntaxor the

C++// commentsyntax. ldenti ers, integers,and oats areall speci ed asthey arein C. Identi ers are
case-sensite.
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2.1 BaseData Types

We begin the discussiorof our languagewith a descriptionof its datatypes.

In ourlanguagegdatatypesarecomposef a basedatatype preceededby anoptionallist of typemodi ers.
In this sectionwe describehe basedatatypes.We leave the discussiorof typemodi ers for latersections.

Ourlanguagesupportdenbasedatatypes.They are:

bool boolearvalue

clampfl scalar|0, 1]-clamped oating-point value
clampf3 | 3-componenfO, 1]-clamped oating-point vector
clampf4 | 4-componenfO, 1]-clamped oating-point vector

floatl scalarunclampedoating-point value
float3 3-componentinclampedoating-point vector
float4 4-componentinclampedoating-point vector

matrix3 3% 3 oating pointmatrix
matrix4 4x 4 oating point matrix
texref texturereference

Two of thesetypesneedfurtherexplanation.

» Thebool typeis eithertrue orfalse . It hasnonumericalvalue.

* Theftexref  typestoresareferenceo atexture. Its valuecorrespondso anOpenGLtexturenameas
speci edto gIBindTexture

Additionally, notethatalthoughthe clamped oat typesaredescribedas oating point, becauseheir ranges
arelimited to [0, 1], they may beimplementedusingeither x ed-or oating-point.

In additionto thetenbasetypes,we supportsomeadditionaltype namedsor compatibility with the previous
versionof thelanguage:

clampf sameasclampfl
clampfv sameasclampf4
float sameasfloatl
floatv sameasfloat4
matrix sameasmatrix4

2.2 ExpressionsQOperators, and Built-in Functions

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

Most operatorsthat we provide have both float andclampf versions,wherethe clampf versionsare

de ned to clamptheir results(but not their intermediatesalues)to [0, 1]. We malke specialnoteof operators
which eitherdo nothave clampf versionsor do notoperateonfloat or clampf valuesatall.
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2.2.1 Operators for manipulating scalarsand vectors

Thejoin operatof} assemblescalargnto vectorsandvectorsinto matrices.It comesn veversions:

X, VY, z} /I make a 3-vector from scalars X, y, and z

X, Y, z, w} /I make a 4-vector from scalars X, y, z, and w

xyz, w} /I make a 4-vector from 3-vector xyz and scalar w

ro, rl, r2 } /1 make a 3x3 matrix from 3-vector rows r0, rl, r2

ro, rl, r2, r3 } // make a 4x4 matrix from 4-vector rows rO, rl1, r2, r3

Lt Rt Naan Wate W

Theindex operator[] hasmary uses.It canbe usedto extracta scalarfrom a 3- or 4- component/ector
or to swizzlethe component®f avector Indexing is zero-based:

float3 vec3 ={x,y,z};

float4 vecd = {x,y,z,w};

vec3[0] /I extract x

vec3[2] Il extract z

vec4[3] /I extract w

vec3[1,2,0] /I returns { vy, z, x}
vec3[2,2,2] /I returns { z, z, 2z}
vec3[2,0,1,1] /I returns {z, x, vy, v}
vec4[3,0,2] /Il returns  { w, x, z}

The numberof comma-delimitedndicesgiven insidethe squarebracesspeci esthe sizeof the output. The
outputmustbea scalar a 3-componentector, or a4-componentector Thefollowing is illegal becausave
do notcurrentlysupport2-componentectors:

{ x, vy, z, w}12] Il error: result is a 2-vector

Eachelementgiven in the index operator(] may bein therange0...N 1, whereN is the numberof
component®f theoperand For example:

{ x, vy, z }3,0,2] /I error: index 3 out of range
{ x, vy, z, w}30.2] /1 ok: retuns { w, Xx, z}

Theindex operator(] canalsoextractarow from a3x 3 matrix or a4x 4 matrix.

{ r0, r1, r2 }O] /I extract r0 from 3x3 matrix { r0, rl, r2 }
{ ro, r1, r2 }2] /I extract r2 from 3x3 matrix { r0, rl, r2 }
{ r0, r1, r2, r3 }3] /] extract r3 from 4x4 matrix { r0, rl, r2, r3 }

Thergb() , alpha() , andblue() operatorshelp make compilationto fragmentpipelinesef cient. How-
ever, they remainprimarily for compatibility with older versionsof the language.Their variousforms and
equialentexpressionareshavn here:

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

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

bluef r, g, b, a}) /1 extract scalar b from 4-vector
/I equivalent to {r, g b, al}2]

blue@ r, g, b}) /'l extract scalar b from 3-vector;
/I equivalent to { r, g, b }2]

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

We provide scalarandvectorversionsof add,multiply, subtractanddivide. For multiply anddivide, we also
provide versionghatoperateon onescalarandonevectorin eitherorder Someexamples:

a+b
a-»b
a*b
alb
{ax, ay, az} + { b x, by, bz}
{ax, ay, az}-{b x, by, bz}
{ax, ay, az}*{b x, by, bz}
{ax, ay, az}/{b x, by, bz}

a* { bx, by, bz }
a/l { bx, by, bz}
{ax, ay, az} *b
{ax, ay, az} /b

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

We provide anunclampedoating-point negateoperator:
- a

We do not provide aclampf versionof the neggateoperatoy sinceits resultwould alwaysbe zero.

2.2.3 Derivative operators

We provide derivative operatorghat operateon unclampedscalars 3-vectors,and4-vectors. They compute
the partialderivatives of an expressiorwith respecto x andy in screen-spaceoordinates.

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

2.2.4 Blending operators

We provide a genericblend operatorthat operateson clampedand unclamped4-vectorsonly. The blend
operatoris basecbn the OpenGLblendfunctionandtakesthefollowing form:

blend ( src_factor, dst_factor )

Notethis the blendoperatoris a binaryin x operator The valueto theleft of the blendis calledthe source
(src ) andthevalueto theright of theblendis calledthe destination(dst ):

src blend(src_factor,dst_factor) dst
Suchanexpressiorcomputes:
src_factor * src + dst_factor * dst

Both src_factor ~ anddst_factor  areplaceholdergor nameschosenfrom the following list. Eachhas
thevalueindicated:
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FactorName FactorValue

ZERO {0,0,0,01}

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 rc

ONE_MINUS_SRC_ALPHA{ 1, 1,1,1}-{s rc3], 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 additionalblend operatorgo simplify the speci cation of commonblend operations.The
over operatorcompositeswo valueswith premultipliedalpha,andis equivalentto blend (ONE,
ONE_MINUS_SRC_ALPHA)Theblend_over operatorcompositegwo valueswhereonly secondvaluehas
premultipliedalpha.The rst valuehasnon-premultipliecalpha.lt is equivalentto blend(SRC_ALPHA,
ONE_MINUS_SRC_ALPHA)

2.2.5 Comparisonoperators

We provide a standardsetof comparisoroperatorg==, !=, >, <, >=, <=) for computingbooleanvalues.We
alsoprovide althalf() operatorto assistwith fragmentcompilation. The Ithalf() operatoreturnstrue
if its operands lessthan %

2.2.6 Logical operators

We provide the four standardogical operatorsANQ OR NOT, XORthat operateon booleanvalues.NOThas
the highestprecedencepllowedby ANDQ XOR OR

bool a = true;
bool b = false;
aé&hb /I a AND b -> false
al b /I 'a ORb -> true
a’" b // a XORb -> true
“a /1 NOTa -> false

“"b &a /I (NOT b) ANDa -> true

2.2.7 Conditional select operator

Booleanexpressionsare usedwith the conditionalselect operator Theselect operatortakesthreepa-
rameters:a boolean,a valueto returnif the booleanis true , andavalueto returnif the booleanis false
Someexamples:

select(0 =0, t f /I value is t
select(0 >1, t, f) [l value is f
select(Ithalf(0), t, f) /I value is t
select(Ithalf(0.5), t, f) /I value if f

2.2.8 Miscellaneousscalarand vector operations

We provide a numberof additionaloperationsincluding scalarandvectorclamp , min, andmax operations;
vectordot , length , andnormalize operationsa3-vectorreflect  andcross operationssin , cos, pow,
andsqgrt . Someexamples:
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clamp(0.5, 0, 1) /Il value is 0.5

clamp{ -1, 0, 1, 2}, 0, 1) /l value is { 0, 0, 1, 11}
clamp{ -1, 1, 3}, { 0, O, 1}, {1, 2, 2} /I value is { 0, 1, 2}
mn{ -1, 1, 2, 3}, {1, 0, 1, 41}) /1 value is { -1, 0, 1, 4}
dot{ O, 1, 2, 3}, { 4 5 6, 71}) // value is 38

length({ 3, 4 01}) /1 value is 5

length({ 1, 1, 11}) /1 value is 1.7320...

length({ 1, 1, 1, 11}) /1 value is 2

normalize({ 0, 0, 21}) /1 value is { 0, 0, 11}
reflect({ 1, 1, 13}, { 0, O, 11}) /1 value is { -1, -1, 1}
reflect({ 1, 0, 0}, { O 1, 01}) /1 value is { 0, 0, 11}
sin(3.14159) /Il value is O

€0s(3.14159) /Il value is -1

pow(10,2) /I value is 100

sqrt(2) /I value is 1.4142...

2.2.9 Matrix operations

We alsoprovide a numberof matrix operations:

affine extractsthe upperleft 3x 3 matrix from a4x 4 matrix
frustum generatesa 4x 4 frustumprojectionmatrix

identity generates 4x 4 identity matrix

invert invertsa3x 3 or a 4x 4 matrix

lookat generates 4x 4 lookatmatrix

ortho generates 4x 4 orthographigorojectionmatrix
rotate generatesa 4x 4 rotationmatrix of anangleaboutanaxis
scale generatesa 4x 4 scalematrix

translate generatesa 4x 4 translationmatrix

transpose transposea 3x 3 or 4x 4 matrix

identity3 generates 3x 3 identity matrix

rotate3 generatea 3x 3 rotationmatrix

scale3 generatea 3x 3 scalematrix

Theexactparametersieededor eachmatrix operationarediscussedn the operatorappendix Section9.1.

2.2.10 Texturing operations

A numberof texturing andlookup operationsarealsoavailable:

cubemap performacubemapookupgiven atexref anda 3-vector
cubenorm performa 3-vectornormalizationgiven a 3-vector

lut performacomponent-wiséragmentclamp4 tablelookup
texture performa 2d texturelookupgiven atexref anda3- or 4-vector
texture3d performa 3d texturelookupgiven atexref anda3- or 4-vector
bumpdiff performadiffusebumpmagpoperation

bumpspec performaspeculabumpmapoperation(requiresbumpdiff )

The exact parametersieededor eachtexture andlookup operationarediscussedn the operatorappendix,
Section9.1.

Thelut operatorperformsa component-wisdable lookup of fragmentvalue. It usesthe OpenGLcolor
lookup table de ned usingglPixelMap . Ourintentis to eventually abstraciookup table speci cationto
allow multiple lookuptables but currentlywe only supportonecolor lookuptableatatime.

The bumpdiff andbumpspec operatoramplementbumpmappingasdescribedor NVIDIA hardware by
Mark Kilgard. The bumpdiff operatorcomputesthe diffusere ection coefcient given a tangent-space
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normal map, texture coordinatesand a tangent-spacéight vector The bumpspec operatorcomputeshe
specularre ection coefcient given the samenormal map and texture coordinatesplus the tangent-space
half-anglevector The bumpdiff operatorleaves a self-shadwing term in alphawhich mustbe usedto
modulatethe bumpspec result. Theblend operatoy con gured asblend(ONE, SRC_ALPHA) is usedto
accomplistthis.

2.2.11 Accessingscreen-spaceoordinates

Thexyz_screen()  built-in function providesthe coordinatesand depthvalue of the currentfragmentin
screenspace:

screen-space X position
screen-space y position
depth (z) value
undefined

float4  coords = xyz_screen(); /I coords[0]
/I coords[1]
/I coords[2]
/I coords[3]

2.2.12 Parentheses

As with C, we supportparenthese§ for groupingexpressiongo overridethedefault operatorprecedences.

2.2.13 Assignmentand castoperators

Two specialoperatorsarethe assignmenand castoperators.Both are usedasthey typically arein C. As-
signmentimplies a castto the type of the valuebeingset. Type corversionis discussedn greaterdetailin
Sectionb.

Assignmentsnay be masled. The indicesprovided in the maskmustbe uniqueand appearin ascending
order Someexamples:

float 4 v={2,5,7,15};

v[3] = 0; /l'visnow{2,5,7,01};

v[0] = V[1]; /I visnow{ 5 5 7, 0};

v0,,3 1] ={1,1,1}; /lvisnow {1, 1,7,11};

v0o,1 1]={2,2,2}; /1 error: 0 is repeated

vi0,,3 1 ={1,1,1,1}; [l error LHS is 3-vector, RHS is  4-vector
v2,13 ]={1,1,11}; /'l error: mask indices out of order

2.2.14 integrate()

Finally, we mentiontheintegrate() operatoywhich we discussn moredetailin Section3 on surfaceand
light shaders.

2.3 Operator Precedence

Wede ne thefollowing binaryoperatoiprecedencesdy groupfrom lowestprecedenceo highestprecedence:

+ -
blend over blend_over
*

All of thebinaryoperatorsareleft associatie, exceptfor =, whichis right associatie.
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2.4 Statements

Our languagesupportshreekinds of statementsvariabledeclarationsgxpressionstatementsieturn state-
ments.Empty statementsrepermitted;theseareignored.

A variabledeclaratioris similarto C, andconsistof atypefollowedby anidenti er followedby anoptional
initializer followed by a semicolon.

floatl f1; /I declare f1

floatl f2 =1, /| declare and initialize f2
float4 vi={1,2,3,41}; /| declare and initialize vl
float4 v2 = f1 * vi; /I declare and initialize v2

As with C++, variablesmaybedeclaredanywherein a basicblock.

Expressiorstatementaresimply anexpressiorfollowed by a semicolon:

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

A returnstatements usedto indicatethe nal valueof ashadeor function:

return  color;

2.5 Functions

Ourlanguageallowsfunctionsto bede ned andcalledmostlylik e they arein C, with afew exceptions.First,
thereis no suchthing asavoid function, andthereforeall functionsmustreturna value. Secondthereis
(currently)no suchthingasafunctiondeclaratiorfor userde ned functions.All userde ned functionsmust
be de ned beforethey maybeused.Finally, recursionis forbidden.

All of thesedifferencesaredueto theway functioncallsareimplementedAll functioncallsareinlined.

Hereis anexample.

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

}

float4 bilerp (float4 v00, float4 v0l, float4 v10 float4 vll,
float fracO, float fracl)

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

{
float4 v0 = lerp(v0O0, v01, frac0);
float4 vl = lerp(v10, vll, frac0);
return  lerp(vO, vl, fracl);
}
3 Surfaceshaders,light shaders,and the integrate() operator

Ourlanguagéorrans the RenderMarconcepif separatsurfaceandlight shaderdo provide orthogonality
betweentheseshadingoperations.Light shadersccomputehow muchlight is incidenton a surface,while
surfaceshadergomputeheamountof light re ectedtowardtheviewer, possiblyqueryinglightsto determine
andaccounfor theamountof light arriving from eachlight source.

Surfaceand light shadersare written as functionsare, exceptthat their return typesare precededoy the
shader modi er plusalsoeitherthe surface or thelight modi er. In addition,shadersmustreturna
float4 oraclamp4 type:
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float func () { return .. } /'l an ordinary  function
surface  shader float4  surf () { return .. } /1 a surface shader
light shader float4 light () { return ..; } /1 a light shader

Thesurface andlight modi ers may alsobe appliedto functions. Whenthis is done,sucha function
may accessspecialfeatures(variablesand such)available only to surfaceandlight shaders.In addition,
the function becomesaccessibl@nly to othersurfaceor light functionsand shadersasappropriate.More
examples:

surface  float  surffunc O { retun .. } /1 a surface function
surface  float lightfunc O { retun .. } /1 a light function

To querylight sourcessurfaceshadergandfunctions)usetheintegrate() operator This operatortakes
an expressionandloopsover all active light sourcesgvaluatingthe expressiononceper light source. The
operatoreturnsthe sumof the expressiorevaluations.

The integrate() operatorevaluatesspecial“per-light” expressionswhich are expressionghat depend
directly on specialbuilt-in perlight values(in particularthe light vector the half-anglevector and the
light intensity) and/orother perlight expressions.In evaluating a perlight expressiononceper light, the
integrate() operatoremoves the perlight attribute of theintegratedexpression.

We useatype modi er schemeo track perlight expressions.Justasevery valuein our systemhasa type,
every valuealsohasatype modi er thatspeci eswhetheror not the valuechangeswvith every light. In our
system the keyword perlight  is usedto indicatesucha value. We requireall variablesandreturnvalues
thathold perlight valuesto bedeclaredwith the perlightmodi er. We imposethis requiremento make user
codemorereadableOur compilerseparatelynferswhich valuesareperlight , andit useghisinformation
to reportanerrorwhenaperlight ~ valueis storedto anon-perlight ~ variable.

Here are someexamplesof perlight  valuesandthe integrate() operator AssumeL, H, andCl are
perlight values:

floatd4 Kd = ..; /I compute diffuse surface  color
perlight float  NdotL = max(dot(N,L),0); /I max(dot(N,L),0) is perlight
perlight float  intensity = d * NdotL; /I CI * NdotL is perlight

float color = Kd * i ntegrate(intensity); /I integrate light and modulate
perlight float  NdotH = dot(N,H); /I dot(N,H) is perlight

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

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

Valuesthathave beenintegratedoncecannotbeintegratedagain.Thisis somethingof anarti cial restriction
that was imposed,becauset really doesnt make a lot of senseto integratea value that hasalreadybeen
integrated.

4 Computation Frequencies

A key aspectof our systemis its supportfor computationsat a variety of differentrates,or computation
frequencies.We supportfour differentcomputationfrequencies:onceat compiletime, onceper group of
primitives,onceper vertex, andonceper fragment.In our systemevery shadingcomputationoccursat one
of therates.

Note thatwe do not provide a frequeng that correspond$o onceper primitive. Ideally we would support
sucha frequeng, in particularfor at shading,but do not becauseéDpenGLonly provideslimited support
for that computationfrequeng. Speci cally, OpenGLdoesnot provide supportfor perprimitive texture
coordinates.
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4.1 Frequencytype modibers

As with our treatmentof perlight expressionsywe usea type modi er systemto control the frequenciesat
whichcomputation®ccur Thismodi er speci eshow oftenthatvalueis computedor speci ed, if thevalue
is aparameter).

Thereis onetypemodi er for eachcomputatiorfrequeng. Themodi ers are:constant , vertex , primitive
group , andfragment . We provide anadditionalmodi er, perbegin , for compatibility with the previous
languageversion.This additionalmodi er is equivalentto theprimitve ~ group modi er.

Threebaseaypes,namelythetwo matrixtypesandthetexref type,have amaximumcomputatiorfrequeng

of primitive group. This restrictioneffectively limits how often matricesandtexref s maybe computedor

speci ed. Thisis somavhatof anarbitraryrestrictionfor the matrix types,sincethereis no reasormatrices
cannotbe computedpervertex or perfragment;however, we imposethis restrictionto simplify our compiler
somavhat. The restrictionon texref s re ects the factthatin OpenGL,texturesare speci ed for entire
primitive groupsandnever more often (suchaspervertex).

Our languagede nes a setof rulesto allow compilersto infer how often a particular valueis computed.
Sucha setof rulesis importantboth becausét removes the needfor the userto explicitly managecompu-
tation frequenciesand becausat allows for ef cient generationof codewhenthe userdoesnot know the
computatiorfrequencieof certainvalues,in particulartheintensityof light arriving ata surface,which can
reasonablyjhave ary computationfrequeng. In the latter case,a compilerthat caninfer computationfre-

guenciesanproperlychoosefor example,vertex operationor fragmentoperationgo integratevertex and
fragmentlights, respectiely.

4.2 Computation frequencyinferr encerules

Two rulesareusedto infer computatiorfrequenciesThe rst dealswith thedefaultcomputatiorfrequencies
of shadeparametersyhile the seconddealswith the propagatiorof computatiorfrequenciescrossopera-
tors. By applyingtheserules,a compilercanalwaysinfer the computatiorfrequeng of agivenoperation.

All shadeparameterbave awell-de ned default computatiorfrequeng thatindicateshow oftenthe param-
etermay be speci ed. This frequeny dependon the parametes basetype andthe correspondinghaders
type (surfaceor light):

Type Defaultfor surfaces| Defaultfor lights
bool vertex primitive group
clampfl vertex primitive group
clampf3 | vertex primitive group
clampf4 vertex primitive group
floatl vertex primitive group
float3 vertex primitive group
float4 vertex primitive group
matrix3 primitive group primitive group
matrix4 primitive group primitive group
texref primitive group primitive group

Notethatthe defaultsaredifferentfor surfacesandlights. Thisre ects thefactthattypically light properties
do notchangemoreoftenthanperprimitive-group.

Thedefaultshadeparametecomputatiorfrequenciesake effectwhenno computatiorfrequeng isspeci ed
with the parameterAn explicitly-speci ed computationfrequeny overridesthe default.

Someexamples:

8-18



surface  shader float4  surfl (floatl H { .. 1} /Il f is vertex

surface  shader float4  surf2 (matrix3 m { ... } /1 mis primitive group
light shader float lightl (floatl N { .. } /Il f is primitive group
light shader float Ilight2  (vertex floatl f) { .. } // f is vertex

light shader float light3 (matrix3 m) { ... } /1 mis primitive group

Notethattherulesfor defaultcomputatiorfrequencieslo notapplyto functions. They only applyto shaders:
surface  surffuncl (floatl H { .. } /1 no default  computation frequency

In this case,the computationfrequeng of f is determinedby the value passedo f whensurffuncl s
called.

The computationfrequencief computedvaluesaredeterminedoy applyinga secondule that propagates
computationfrequenciesacrossoperators. For the most part, we try to computethings asinfrequentlyas
possible. Speci cally, the computationfrequeny of a computedvalueis the leastfrequentcomputation
frequeng possiblegiven the constrainthata valuemustbe computedat leastasoften asthe mostfrequent
valueit depend®n. For example theresultof addinga vertex valueto anothewvertex valueis avertex value,
but addinga vertex valueto afragmentvalueresultsin afragmentvalue,bothbecaus®f therule previously
mentionedandbecauseeally it doesnt make any senseo try to obtainvertex valuesfrom fragmentones.

A numberof operationganonly beevaluatedat certaincomputatiorfrequenciesFor example texturing can
only be computedperfragment,while matrix-matrixmultiplication canbe computedat mostperprimitive-
group.We placeadditionalconstraint®n computatiorfrequencieso satisfythelimitationsof eachoperation.
We describehe detailsof theseperoperatorconstraintsn the operatorappendix Section9.1.

4.3 Explicitly specifyingcomputation frequencies

While the computatiorfrequencie®f computedvaluesareinferredusingthe rulesjust describedthey may
be controlledby explicitly specifyingcomputationfrequencies.For example,if two vertex valuesN andL
areto be usedto computedot(N,L) , theresultof the dot productwill normally be pervertex. However, a
perfragmentdot productcanbeachieved by rst castingN or L (or both)to afragmentvalue:

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

fragment float3  Nf N; /'l use implicit cast from assign
fragment float3  Lf L; /1 use implicit cast from assign
/I compute and use dot(NfLf)...

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

In all threecasespncea fragmentversionof N or L is computedthe resultingdot productis inferredto be
evaluatedperfragment.

5 Typecornversion

A numberof type corversionsare permitted,including corversionof clampedvaluesto oat values,con-
versionof oat valuesto clampedvalues,corversionfrom onecomputatiorfrequeny to a more-frequeng
computatiorfrequeng, andcorversionof non-petlight valuesto perlight values.

Corvertingclampedvaluesto oat valueshasno effect exceptperhapneof numberrepresentatiofspecif-
ically, oating pointor x edpoint). Also, since oating-point valuesaremoregenerathanclampedoating-
point values,this corversionis considerech promotion. Before performingan operationthatinvolvesboth
clampedandunclampedalues clampedvaluesareautomaticallypromotedio unclampedsalues.
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Corverting a oat valueto a clampedvalue clampsthe oat valueto [0, 1]. The numberrepresentation
possiblychangeslso. This conversionmay be performedexplicitly usinga type cast,or implicitly when
assigningafloat valueto aclampf variable.

Corversionfrom one computationfrequeng to anotheris only possibleif the new computationfrequeng
is more frequentthanthe old one. In mostcasessucha corversionsimply replicatesthe old value at the
new computatiorfrequeng; however, the corversionfrom vertex to fragmentis special.In this case vertex
valuesareinterpolatedbetweerverticesto obtaina fragmentvalue. The exact natureof the interpolationis
currentlybeingleft unspeci ed. Our compilerfollows what OpenGLspeci es, i.e. texture coordinatesare
perspectie-correctwhile color valuesarenot necessarilghatway.

Theconversionof the computatiorfrequencie®f operandso anoperatoiis performedautomaticallyasnec-
essaryfor eachoperator This procesdollows therulesfor operatoroverloadingandthe function prototypes
for operatorsliscussedh latersections.

A non-petlight valuemay be corvertedinto a perlight value. Performingthis corversionhasthe effect of
replicatingthe non-petlight valuefor everylight.

Unlikein C, thereis noway to interpretthe valueof a comparisomumerically

6 Global variables

Our systemsupportauserde ned globalvariablesaslong asthey areconstantandtheir valuesarespeci ed.
Globalsmustbe explicitly declaredasconstant:

constant float4 Red ={ 1, 0, 0, 1}; // vald

constant float4  Red; Il error: missing  definition
float4 Red = {1,0,0,1}; /1 error: missing  constant  keyword
constant  float4 DarkRed = 0.5 * Red; /Il functions of constants are valid

A numberof globalvaluesareprede nedandinitialized on demandbeforea shadeexecutesgpr, in thecase
of prede nedperlight  globals,beforeeachevaluationof the expressionintegratedby the corresponding
integrate() operator Theprede nedlight shadeglobalvariablesare:

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

Theprede nedsurfaceshadeglobalsare:

vertex float3 N; /I eye-space normal vector, normalized
vertex float3 T; /I eye-space tangent vector, normalized
vertex float3 B; /I eye-space binormal vector, normalized
vertex float3 E; /I eye-space eye vector, normalized
vertex float4 P; /I eye-space surface position, w=1
vertex float4  Pobj; /I object-space surface  position, w=1
perbegin float4  Ca; /I color of global ambient light

vertex float4  Cprey; /I previous framebuffer color

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

vertex  perlight float4  CI; // color of light (from a light shader)
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Notethatthede nitions of thevariousglobalscurrentlycausdight shader¢o beevaluatedn light spaceand
surfaceshadergo be evaluatedin eye space.Light spaceis de ned by thelight's positionand orientation,
while eye spacds de ned by the viewer’s positionandorientation.

The useof built-in parameterémplicitly makesa shaderdependenbn oneor moreimplicit shademparam-
eterswhich are usedto evaluatethe built-in parameterslt is importantto recognizetheseimplicit shader
parametergventhoughthey arenot a formal partof the languagesinceultimately the usermustsetthese
parametersn additionto all thoseexplicitly requiredby the active surfaceandlight shaders.The implicit
parametersre:

perbegin  float4 _ ambient; /I color of global ambient light

perbegin  matrix4 ___modelview; /I modelview matrix

perbegin  matrix4 __ projection; /I projection matrix

vertex float3 _ normal; /'l object-space normal vector

vertex float3 _ tangent; /I object-space tangent  vector

vertex float3  _ binormal; /I object-space binormal  vector

vertex float4  __ position; /I object-space surface  position

perbegin  perlight float4  __lightpos; /I homogeneous position of light

perbegin  perlight float3  __lightdir; /" unnormalized eye-space light  direction
perbegin  perlight float3  __lightup; /I unnormalized eye-space light up vector

Perlightbuilt-in parametersnustbe speci ed onceperactive light shader

Notethatall shaderglepencon __modelview , _ projection  , and__position

7 Function Overloading

Our languageallows functionsto be overloadedn a mannersimilar to C++. Overloadingallows for mary
functionsto be availablewhena functionis called. Availability is de ned asa functionwith the samename
andnumberof parametersWe de ne a setof rulesto selectwhich functionto selectwhenmorethanone
choiceis available. The rules examinethe basetypesof the parametersisedin the call to form groupsof
matchingfunctions.

The rst groupconsistsof functionswhoseparametebasetypesmatchthe basetypesof the parametersn
the call exactly.

The secondgroupconsistsof functionswhoseparametebasetypesmatchthe basetypesof the parameters
in the call throughthe possibleuseof promotion.In particular we considerthe promotionof clamped oats
to oats to form matches.

Thethird groupconsistsof functionswhoseparametebasetypesmatchthe basetypesof the parameterin
the call throughthe useof both promotionanddemotion.

The rst groupis checled rst. If empty thesecondgroupis checled,andlik ewisefor thethird group.If all
threegroupsareempty thereis no match,andan erroris generatedIf arny groupbeingchecled hasmore
thanonechoiceavailable,the call is ambiguousandan erroris generatedA matchis foundonly if exactly
onematchis availablein the rst non-emptygroup.

This overloadingmechanismis usedfor userde ned functionsaswell as built-in functionsand built-in

operators.Built-in functionsandoperatorsarede ned usingfunction prototypesin the operatorappendix,
Section9.1.
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8 Conditional Compilation

Today's hardware platforms offer differing setsof functionality Someoperatorsare not available on all
hardware. To solwe this problem,our languagesupportsconditionalcompilationusinga very-limited subset
of C-preprocessatirectives.We support:

#if  <integer>

#ifdef <identifier>
#ifndef <identifier>
#else

#endif

#define  <identifier>
#undef <identifier>

To promotethe creationof functionlibraries,we alsoprovide a limited includedirective:
#include  “"<filename>"

Weonly supportrelative lenames,whichmustbedouble-quotedWe donotsupporiangle-brackd lenames
for searchingncludedirectories.

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

HAVE_FRAGMENT_SUBTRAQTdicateswhetheror notthe subtractoperatoris availableperfragment.

HAVE_TEXTURE_30Ondicatesvhetheror notthetexture3d  operatoris available.
* HAVE_CUBEMAMdicateswhetheror notthe cubemap operatoiis avialble.
* HAVE_BUMPOP®dicateswhetheror notthe bumpdiff andbumpspec operatorsareavailable.

 HAVE_REGISTER_COMBINERSEoversthe availability of the following operatorperfragment:dot ,
select ,rgb, blue , alpha , Ithalf , cubenorm .

* HAVE_FRAGMENT_INDEXndicateswhetheror notthe[] operatotis availableperfragment.

* HAVE_FRAGMENT_COMPARHES®licateswhetheror not the ==, I=, >, <, >=, and <= operatorsare
availableperfragment.

* HAVE_FRAGMENT_PROGRE@B®Versavailability of thefollowing operatorperfragment:dot , select
rgb , blue , alpha , Ithalf , arithmeticoperatorgadd, subtract,multiply, divide), join , swizzle
normalize ,cross , length , max, min, pow, reflect |, sqrt , sin , cos, ceil ,floor ,trunc , mod,
dx, dy, xyz_screen , andassignmeninask.

9 Appendices

9.1 Built-in operatorsand functions

In this appendixwe describethe enumeratehe built-in operatorsandfunctionsmadeavailable by our lan-
guage Exceptfor thesyntaxby whichthey arereferredto, built-in operatorandfunctionsbehaeidentically.

Everybuilt-in operatorandfunctionhasarangeof computatiorfrequencieatwhichit maybeevaluatedthe
rangespeci esbothaminimumanda maximumfrequeng.

As describeckarlier valuesareevaluatedasinfrequentlyaspossible.We de ne this computatiorfrequeng

preciselyasthe maximumfrequeny amongall of anoperators operandsaindthe operators miminum com-
putationfrequeng.
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Minimum andmaximumcomputatiorfrequenciedimit thekindsof operationsvailableateachcomputation
frequeng. For example,they restrict mary matrix manipulationoperationsto a maximum computation
frequeng of perprimitive-group,andthey forcetexture mappingto be perfragment.

An erroris generatedf an operators evaluation computationfrequeng exceedsthe operators maximum
computatiorfrequeng.

In additionto eachoperatohaving arangeof computatiorfrequenciesgvery operandf every operatoralso
hasanassociatedangeof computationfrequenciesln mostcasesthis rangehasa minimum frequeng of
constanainda maximumfrequeng equalto the maximumfrequeng of theoperatoiitself, but in afew cases,
therangeis morerestrictve. For example,currenthardwaredoesnot supportthe useof perfragmenttexture
coordinatesWe therefordimit themaximumcomputatiorfrequeny of texture coordinateso vertex values.

In casesvherethe minimumfrequeny of anoperands not met,thevaluepassedo the operands automati-
cally castto anappropriatecomputatiorfrequeng. In casesvherethe maximumfrequeng of an operands
exceededanerroris generated.

Not all operationsare supportedby all hardware at all computationfrequencies.The compileris allowed
to generatean errorwhenan unsupporteaperationis used. The sectionregardingconditionalcompilation
enumeratethe mostimportantsetsof operatorghatfall into this cateyory.

We now list all of the available operators. In the listings below, rangesare speci ed using a [min:Jmax
syntax. For operatorsijf themin is unspeci ed,it defaultsto constant . For operandsif the min andmax
areunspeci ed,the rangedefaultsto the rangeof the correspondingperatoy otherwiseif only the min is
unspeci ed,themin defaultsto the max.

fragment floatl  operator+ (floatl, floatl)
fragment float3  operator+ (float3, float3)
fragment float4  operator+ (float4, float4)
fragment clampfl operator+  (clampfl, clampfl)

fragment clampf3 operator+  (clampf3, clampf3)
fragment clampf4 operator+  (clampf4, clampf4)

fragment floatl  operator- (float1, floatl)
fragment float3  operator- (float3, float3)
fragment float4  operator- (float4, float4)
fragment clampfl operator- (clampf1, clampfl)
fragment clampf3 operator- (clampf3, clampf3)

fragment clampf4 operator- (clampf4, clampf4)

fragment floatl  operator* (float1, floatl)
fragment float3  operator* (float3, float3)
fragment float3  operator* (float1, float3)
fragment float3  operator* (float3, floatl)
fragment float4  operator* (float4, float4)
fragment float4  operator* (float1, float4)
fragment float4  operator* (float4, floatl)

fragment clampfl operator* (clampfi, clampfl)
fragment clampf3 operator* (clampf3, clampf3)
fragment clampf3 operator* (clampf1, clampf3)
fragment clampf3 operator* (clampf3, clampfl)
fragment clampf4  operator* (clampf4, clampf4)

fragment clampf4 operator* (clampf1, clampf4)
fragment clampf4  operator* (clampf4, clampfl)
perbegin  matrix3  operator* (matrix3, matrix3)
perbegin  matrix4  operator* (matrix4, matrix4)
vertex float3  operator* (matrix3, float3)
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vertex

fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment
fragment

fragment
fragment
fragment
fragment
perbegin
perbegin

fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment

float4

operator*

floatl  operator/
float3  operator/
float3  operator/
float3  operator/
float4  operator/
float4  operator/
float4  operator/
clampfl  operator/
clampf3  operator/
clampf3  operator/
clampf3  operator/
clampf4  operator/
clampf4  operator/
clampf4  operator/
floatl  operator/
float3  operator/
float3 operator/
float3  operator/
float4  operator/
float4  operator/
float4  operator/
clampfl  operator/
clampf3  operator/
clampf3  operator/
clampf3  operator/
clampf4  operator/
clampf4  operator/
clampf4  operator/
floatl  operator-
float3  operator-
float4  operator-
floatl  operator[]
floatl  operator[]
clampfl  operator]]
clampfl  operator]]
float3  operator[]
float4  operator]
float3  operator[]
float3  operator[]
float3  operator[]
clampf3  operator]]
clampf3  operator]]
clampf3  operator]]
float4  operator[]
float4  operator[]
float4  operator][]
clampf4  operator]]
clampf4  operator]]
clampf4  operator]]
float3  operator
float4  operator

(matrix4, float4)
(floatl, floatl)
(float3, float3)
(float1, float3)
(float3, floatl)
(float4, float4)
(float1, float4)
(float4, floatl)

(clampf1, clampfl)
(clampf3, clampf3)
(clampfi, clampf3)
(clampf3, clampfl)
(clampf4, clampf4)
(clampfi, clampf4)
(clampf4, clampfl)
(float1, floatl)
(float3, float3)
(floatl, float3)
(float3, floatl)
(float4, float4)
(floatl, float4)
(float4, floatl)
(clampfi, clampfl)
(clampf3, clampf3)
(clampf, clampf3)
(clampf3, clampfl)
(clampf4, clampf4)
(clampf1, clampf4)
(clampf4, clampfl)
(float)
(float3)
(float4)
(float3)
(float4)
(clampf3)
(clampf4)
(matrix3)
(matrix4)
(floatl)
(float3)
(float4)
(clampfl)
(clampf3)
(clampf4)
(floatl)
(float3)
(float4)
(clampf1)
(clampf3)
(clampf4)
writemask  (float3)
writemask  (float4)
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vertex
vertex
vertex
vertex

fragment
fragment
fragment
fragment

fragment
fragment
perbegin
perbegin

fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment
fragment
fragment

fragment
fragment
fragment
fragment
fragment
fragment

surface
surface
surface
surface
surface
surface

fragment
fragment
fragment
fragment
fragment
fragment
fragment
perbegin
perbegin
perbegin

float3  operator{} (float, float, float)

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

float4  operator{} (float, float, float, float)
clampf3  operator{} (clampf, clampf,  clampf)
clampf4  operator{} (clampf, clampf, clampf, clampf)
float4  operator{} (float3 rgb, floatl alpha)
clampf4  operator{} (clampf3  rgbh, clampfl alpha)
matrix3  operator{} (float3, float3, float3)
matrix4  operator{} (float4, float4, float4, float4)
bool operator== (float, float)

bool operator!= (float, float)

bool operator>  (float, float)

bool operator<  (float, float)

bool operator>=  (float, float)

bool operator<=  (float, float)

bool operator== (clampf, clampf)

bool operator!= (clampf, clampf)

bool operator>  (clampf, clampf)

bool operator<  (clampf, clampf)

bool operator>=  (clampf, clampf)

bool operator<=  (clampf, clampf)

bool operator and (bool, bool)

bool operator or (bool, bool)

bool operator xor (bool, bool)

bool operator not (bool, bool)

float4  operator blend (float4, float4)

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

clampf4 operator over (clampf4, clampf4)
float4  operator blend_over (float4, float4)
clampf4 operator blend_over (clampf4, clampf4)
fragment floatl  operator integrate (floatl)
fragment float3  operator integrate (float3)
fragment float4  operator integrate (float4)
fragment clampfl operator integrate (clampfl)
fragment clampf3 operator integrate (clampf3)
fragment clampf4 operator integrate (clampf4)
bool operator () (bool)

float operator () (float)

float3  operator () (float3)

float4  operator () (float4)

clampf operator () (clampf)

clampf3 operator () (clampf3)

clampf4 operator () (clampf4)

matrix3  operator () (matrix4)

matrix4  operator () (matrix4)

texref  operator () (texref)
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constant
constant

perbegin
perbegin
perbegin
perbegin
perbegin
perbegin
perbegin
perbegin

perbegin
perbegin
perbegin
perbegin
perbegin

fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment
fragment

fragment
fragment
fragment
fragment
fragment
fragment

fragment

fragment
fragment
fragment
fragment

matrix3
matrix4

matrix3
matrix3
matrix3
matrix3
matrix3
matrix4
matrix4
matrix4

matrix4
matrix4
matrix4
matrix4
matrix4

float
float3
float3
float4
float4
float3
float
float
float
float
float
float3
float4
float
float3
float4
float3
float4
float
float3
float
float
float
float
float
float
float

float
float3
float4
float
float3
float4

float4

floatl
float3
float4
clampfl

identity3 0

identity 0

affine  (matrix4)

invert  (matrix3)

rotate3  (float angle, float x, float vy, float 2)

scale3 (float x, float 'y, float 2)

transpose  (matrix3)

frustum  (float I, float r, float float t, float n, float f)

invert  (matrix4)

lookat (float ex, float ey, float ez, float cx, float cy,
float cz, float ux, float uy, float uz)

ortho (float |, float r, float b, float t, float n, float f)

rotate  (float angle, float x, float vy, float 2z)

scale (float X, float vy, float 2)

translate (float x, float vy, float 2)

transpose  (matrix4)

clamp (float val, float lo, float hi)

clamp (float3 val, float lo, float

clamp (float3 val, float3 lo, float3 hi)

clamp (float4 val, float lo, float

clamp (float4 val, float4 lo, float4 hi)

cross (float3, float3)

dot (float3, float3)

dot (float4, float4)

length  (float3)

length  (float4)

max (float, float)

max (float3, float3)

max (float4, float4)

min (float, float)

min (float3, float3)

min (float4, float4)

normalize  (float3)

normalize  (float4)

pow (float val, float exp)

reflect (float3 vec, float3 norm)

sqrt  (float)

cos (float)

sin  (float)

ceil  (float)

floor  (float)

mod (float, float)

trunc  (float)

dx (float)

dx (float3)

dx (float4)

dy (float)

dy (float3)

dy (float4)

xyz_screen ()

select (bool, floatl, floatl)

select  (bool, float3, float3)

select (bool, float4, float4)

select (bool, clampfl, clampfl)
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fragment clampf3 select (bool, clampf3, clampf3)
fragment clampf4 select (bool, clampf4, clampf4)
fragment float3 rgb (floatl)

fragment float3 rgb (float4)

fragment clampf3 rgb (clampfl)

fragment clampf3 rgb (clampf4)

fragment floatl  blue (float3)

fragment floatl  blue (float4)

fragment clampfl blue (clampf3)

fragment clampfl blue (clampf4)

fragment floatl alpha (float4)

fragment clampfl alpha (clampf4)

fragment  bool Ithalf (float1)

fragment  bool Ithalf (clampfl)

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 grammardescribeghe overall 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 | clampfl | clampf3 | clampf4 | clampfv |
float | floatl | 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;

I

I

| return EXPR;
I

EXPR: UNARY= EXPR
| EXPR BINOP EXPR
| UNARY
BINOP : == =] > <|> =|<=]+]-] blend | over | blend_ove r | * |/
UNAFR : - 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-terminalsaaredescribedy 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 exampleshadersene to illustrate how the shadinglanguagemight be usedto implementa
numberof interestingshadingeffects.

/I Useful constants
float4
float4

float4

Zero
Black
White

constant
constant
constant

={ 0, 0 0 0};
={0, 0, 0, 1};
={1 1, 1, 1};

constant  float = 3.14159;

pi

/I Light shaders
float

(float

light
atten

{
}

light  shader
simple_light
{

ac, float al, float aq)

return 1.0 / ((ag * Sdist + al) * Sdist + ac);

float4

(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 nt*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  ClI = 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  ClI = smoothspot(-S[2], 15, 30) * color * atten(ac, al, aq);
float4 uv = { S[0], S[1], O, -S[2] }; /I project
matrix4 t rot = rotate(time * 15, 0, 0, 1)
return Cl * texture(stars, t rot * scale(1.5, 15, 1) * uv)
}
light  shader float4
star_projector (float4 color, float ac, float al, float aq, texref stars)
{
return  star_projector_f(color, ac, al, ag, 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, ag, stars, time);
}
/I Reflection models

surface float4
lightmodel (float4 a, float4 d, float4 s, floatd 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 * Ca + integrate(fr * Cl) + e
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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 * Ca + 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 = sgrt(1 - LdotT * LdotT);
perlight float spec = max(diff * sqrt(l - EdotT*EdotT) - LdotT*EdotT, 0);
perlight float4  fr = max(dot(N,L),0) * (d * dif f+ s * pow(spec,sh));
retur n a * Ca + 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 = sqgrt(l - LdotB*LdotB);
perlight float spec = max(diff * sqrt(l - EdotB*EdotB) - LdotB*EdotB, 0);
perlight float4  fr = max(dot(N,L),0) * (d * dif f+ s * pow(spec,sh));
retur n a * Ca + integrate(fr * Cl) + e
}

float  center (float value) { return 05 * value + 05; }

surface float4

lightmodel_textured_anisotropic_u (texref anisotex, float4 a, float4 e)
{
perlight float4  uv = { center(dot(T,E)), center(dot(T,L)), 0, 11%;
/I moving Cl helps group vertex/fragment computations
IIperlight float4  fr = max(dot(N,L),0) * texture(anisotex, uv);
/lretur n a * Ca + i ntegrate(Cl * fr) + e
perlight float4 clfr = d * max(dot(N,L),0) * texture(anisotex, uv);
retur n a * Ca + 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, 11%;
/I moving Cl helps group vertex/fragment computations
lIperlight float4 fr = max(dot(N,L),0) * texture(anisotex, uv);
/lretur n a * Ca + i ntegrate(Cl *fr)y + e;
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perlight float4 clfr = C * max(dot(N,L),0) * texture(anisotex, uv);
retur n a * Ca + integrate(clfr) + €
}
surface  float4
lightmodel_cartoon (texref cartoon, float4 a, float4 d)
{
perlight float fr = max(dot(N,L),0);
/I clamp upper end to avoid texture border color
float4  uv = { min(integrate(fr) + 0.2, 075), O, 0, 1},
retur na* Ca + d * texture(cartoon, uv);
}
/I Standard material properties
constant  float4 Ma = { 0.35, 0.35, 0.35 1.00 }
constant  float4 Md = { 050, 0.0, 050, 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 0
{
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_wrap = { uv[0], 10 * Pobj1], 0, 11};
float4  uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 11%;
matrix4 t base = invert(translate(O, -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, 14, 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, 75,6 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({ 04, 04, 04, 11}, { 05 05 05 11}
float4  Cs = lightmodel_specular({ 0.35, 0.35, 035, 11}, 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, 040, 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)) *ouy;
return Cbhase + Cgloss * texture(gloss, uv_gloss);
}
surface  shader float4
anisotropic_ball_vertex (texref star)
{
float4 Ma = { 0.1, 0.1, 0.1, 10 }
float4 ™ = { 03, 03, 03, 10 }
float4 M = { 0.7, 0.7, 0.7, 10 }
float4 Me = { 0.0, 0.0, 0.0, 0.0 }
float Msh = 15;
float4  base = texture(star, { center(Pobj[2]), center(Pobj[0]), 0, 113
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, 10 }
float4 Me = { 0.0, 00, 0.0, 0.0 }
float4  base = texture(star, { center(Pobj[2]), center(Pobj[0]), 0, 11}
return base * lightmodel_textured_anisotropic_v(anisotex, Ma, Me);
}
surface float4
spheremap (texref env)
float 3 R = normalize(reflect(E,N )+ {0,0,11});
float4  uv = { center(R[0]), center(R[1]), 0, 11%;
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, 0.35 035 1.00 }
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float4 ™l = { 050, 0.50, 0.50, 1.00 }

float4 M = { 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,
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 Ml = { 0.50, 050, 0.50, 1.00 }
float4 M = { 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,
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)) *
float4 uv_1 = invert(rotate(-35.5, 0, 0, 1) * scale(2, 2, 1))
float4  uv_2 = invert(rotate(274.1, 0, 0, 1) * scale(l, 1, 1))
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_O + N1 + 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], dirfl] , 4 * (dir[2] + 0.707), 0 };
dir = normalize(dir);
float4 uvlo =dir * {2 2 00}+{ time / 15, time / 15, 0, 1 };
float4 uv_hi =dr * { 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);
/I for now, do not use Lo over (Hi over { 06, 05, 1.0, 1.0 })
/I texture_env_combine does not do over correctly
return Lo over Hi over { 0.6, 05, 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_wrap = { uv[0], 10 * Pobj1], 0, 11%;
float4  uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 11;
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, 75,6 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({ 04, 04, 04, 11}, { 05 05 05 11}
Cd = Cd * Lscale;
float4  Cs = lightmodel_specular({ 0.35, 0.35, 035 11}, 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_wrap = { uv[0], 10 * Pobj1], 0, 11};
float4  uv_label = { 10 * Pobj[0], 10 * Pobj[1], 0, 11%;
matrix4 t base = invert(translate(O, -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, 75,6 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_BUMPOPE/
#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 .35 035 035 100 }
float4 Md=.5* {0 .50, 050, 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-Modeé\PI1 v2.2

William R. Mark andC. Philipp Schloter
April 4,2002

1 Intr oduction

This documendescribesnodi cationsto the OpenGLAPI to supportheimmediate-modeseof the Stanford
real-timeshadinganguageWe collectively referto theseextensionsasthe shading-languagenmediate-mode
API. Theseextensionsareimplementedasa layerontop of regularOpenGL.

Theimmediate-mod@PI supportghefollowing majoroperations:
1. Loadingthesourcecodefor alight shadeior surfaceshadeifroma le.
2. Associatingoneor morelight shader(syith a surfaceshadeto createa combinedsurface/lightshader
3. Compilingacombinedsurface/lightshadeifor the currentgraphicshardvare.
4. Selectinga compiledsurface/lightshadetto useasthe currentshaderfor rendering.
5. Settingvaluesof shadeparameters.

Whena shadeiis active, mary OpenGLcommandsreno longerallowed,becauseheir functionalityis

providedthroughthe shadinganguageThe disallovedcommandsall into four majorcategories:
1. Fragment-processirgpmmandge.g.fog, texturingmodes)
2. Texture-coordinatgeneratiorandtransformatiocommands
3. Lighting commands.
4. Material-propert)commands.

Whenusingour “lburg” multi-passfragmentbaclend,commandghat con gure framehuffer blending
modesarealsoforbidden(insteadusethe Cprev builtin variablewithin a shader) However, thesecommands
areallowedwith our“nv” fragmentbaclend.

Using a forbiddenOpenGLcommandwhile a programmable-shadés active will resultin unde ned

behaior.
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2 Initialization

sglinit()
Theapplicationmustinitialize the programmablehadingsystemby calling sglinit() once,before

calling ary othersgl* routines.

3 Loading shadersourcecode

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

Loadsthe sourcecodefor the shademamedshaderName from le filename , andassignst the
identi er shaderCodelD . Any othershaderghatare speci ed in the le areignored. The loadedshader
sourcecode becomesghe active shadersourcecode. The speci ed shademay be eithera light shaderor a
surfaceshadershaderCodelD mustbeunusedvhenthis routineis called. Thereturncodeis 0 if therewere

noerrors,1if therewas an error.

4 Compiling and activating shaders

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

treatsshadesourcecodeandcompiledshadersslargely separatentities.

sglCompileShader(GLuint shaderlID)

Compilesthe currentshadersourcecode. The compiledshadeiis assignedhe userspeci edidenti er
shaderID . If theshadeiis a surfaceshaderit incorporatesry currentlyassociatedight shadergdiscussed
in thenext section).

The newly createdshaderbecomedhe 'active’ shaderas if sglBindShader(had beencalled. If the
shadetis a light shaderit is only active in the sensehat subsequensglParameterHandle() calls will
applytoit. A light shadercanonly be activatedfor renderingourposesy associatingt with a surfaceshader
usingsglUseLight()

Thecurrentshadesourcecoderemainsunchangedby this call.

NotethatshaderlID maynotbe-1, becausehisvalueis resenedfor SGL STD OPENG] thestandard
OpenGLlighting/shadingnodel.

sglBindShader(GLuint shaderID)

Changeghe currently active shaderto that speci ed by shaderID . Note thatit is illegal to render
geometrywhenalight shadeis bound.
SpecifyingSGL STD.OPENGIrevertsto the standarddpenGLlighting/shadingnodel.
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5 Associatinglights with a surface

For ef ciency reasonsthe shadingsystemmustknow which light shaderswill be usedwith a surfaceshader

beforethe surfaceshadeiis compiled.

sglUseLight(GLuint lightShaderID)

This command binds a “compiled” light shaderto the current surface-shadersource code.
lightShaderID indicategthelight thatis to beassociatedavith the surface.

Morethanonelight canbe associateavith a surface by calling sglUseLight() multiple times.

However, thesame(compiled)light shademaynotbe usedmorethanoncewith a singlesurface.If two
identicallights arerequired,compilethelight shadeitwice. Our systemimposeshis requiremenbecausehe
lightShaderlDs usedo specifyhow light parameteraremodi ed. “Identical” lightswill usuallyhavedifferent

parametevalues(e.g. position).

5.1 Settingparametervalues

For performanceeasonsshadeiparameterareidenti ed atrendering-timevith numericidenti ers ratherthan
names.For eachcompiledshaderthe programmecanchoosehebindingsfrom namedo numericidenti ers,
within someconstraints.We referto the numericparameteidenti ers asparameterhandles Eachcompiled
surfaceor light shadehasits own parametehandlespace.

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

relevantshaders.

sglParameterHandle(char *paramName, GLuint paramHandle)
AssigngheparametehandleparamHandle tothecurrentshaders parameteparamName. Thevalue
of paramHandlenustbebetweerD andSGLMAXPARAMHANDLEhevalueof SGLMAXPARAMHANDLIE

guaranteetb benolessthanl15.

sglParameter*(GLuint paramHandle, TYPEv, ..)

sglParameter*v(GLuint paramHandle, TYPE *v)

Assignsavalueto theshadeparameter(s3peci edby paramHandle . For apervertex parameterthis
routinemay be calledat ary time. For a perprimitive parameterthis routinemay only be calledoutsideof a
begin/endpair.

Becauseour shadinglanguagedoesnot explicitly identify shademparameterss “colors” or “texture
coordinates”the shadingsystemcannot automaticallyassigndefault valuesin the mannetthatOpenGLdoes.

For example,in OpenGLaglColor3f = commandautomaticallysetsthe fourth value (alpha)to the default
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value of 1.0. Whenusingour system,the usermustalways specify all four component®f the color value.
Likewise, the usermustalwaysspecifyall four component®f a texturevalue. For a 2D texture,the third and
fourthvaluesshouldusuallybesetto 0.0and1.0respectiely.

The sglParameter* routine is available in sglParameterl* |, sglParameter4* | and
sglParameterl6*  variants.ThesglParameterl6*  variantsareusedo specifymatrixparametersjsing
OpenGLsarrayformat.

If the shadinglanguagespeci esa parametes type aseitherclampf or clampfv , type corversions
areperformedn thesamemanneiasthey arefor theOpenGLglColor*  routinegseeOpenGLRedBook, 3rd
edition, Table4-1).1. In summaryintegerto- oat corversionsare performedsuchthat the maximuminteger
value (e.g. 255 for an unsignedbyte) mapsto 1.0. This behaior allows colorsandnormalsto be storedin
unsignedbytesin a naturalmanner

Our shadinglanguageusestextures, but the contentsof the textures are not de ned using the
language. Texturesare de ned by the applicationprogram,then passedo the shading-languageoutine as
a 'texref’ parameter Our systemrelies on OpenGLs texture object facility (gIBindTexture() ). The
sglParameterli or sglParameterliv routinesare usedto specify'texref’ parametersThe value of

theintegerparameters thetextureNamecreatedusingglBindTexture()

sglLightParameter*(GLuint lightShaderlID, GLuint paramHandle, TYPEv, ..)

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

Assignsa valueto the light parametespeci ed by paramHandle . The “compiled” light shaderis
speci ed by lightShaderID . For a pervertex parameterthis routine may be called at ary time. For a

perprimitive parameterthis routinemayonly be calledoutsideof a begin/endpair.

5.2 Light Pose
The poseof alight (position,direction,andorientation)is setusingaroutinede ned for thatpurpose.

sglLightPosefv(GLuint lightShaderID, GLuint pname, GLfloat *v)
pname canbe SGLPOSITION, SGLDIRECTION, or SGLUPAXIS. Thelight directionde nesthe

axisin light spaceandtheup axisde nesthe axisin light space.
Thevectorv shouldalwaysbe a four-elementvector andis consideredo bein modelviev space(i.e.
transformedy the modelviev matrix or its inversetransposeasappropriate) For SGL POSITION, thefourth
elemenbf thevectorshouldusuallybesetto 1.0. For SGLDIRECTION andSGL UPAXIS, thefourthelement

shouldusuallybesetto 0.0.

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

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

sglAmbient*(...)

Specifythe globalambientcolor. This coloris accessiblén surfaceshadersisingthe pre-de nedCa
variable. If a surfaceshadedoesnot usethe Ca variable,the ambientcolorwill beignored. This routinecan

not becalledinsidea Begin/Endpair.

6 Replacementdor Standard OpenGL routines

6.1 Begin/Endand Flush/Finish

UsesglBegin() , sglEnd() , sglFlush() , andsglFinish() insteadof the correspondingtandard
OpenGLroutines. Using the standardOpenGLroutineswhile a programmablehaderis active will resultin

unde nedbehaior.

6.2 Vertices,Normals, Tangents,Binormals

sglVertex*(TYPE v, ...)

sglVertex*v(TYPE v, ..)
sgiNormal3*(TYPE v, ..)
sgINormal3*v(TYPE v, ..)
sglTangent3*(TYPE v, ...)
sglTangent3*v(TYPE vV, ..)
sglBinormal3*(TYPE vV, ..)

sglBinormal3*v(TYPE v, ..)

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

areunde ned.
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6.3 \Vertexarrays

To attainhigherframerateswhenusinglargemodels theshadingsystenprovidessglParameterPointer ,
sglEnableClientState ,sglGetClientState ,sglIDisableClientState andsglDrawArrays

Theseroutinesdiffer from the OpenGLroutinesin that they supportnot only arraysof vertices,normals,
binormalsor tangentshut also of ary othershademparameter To setupvertex arrays,you have to follow a

basicthreestepproceduregonsistingof 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 SGLVERTEX, SGLNOMRAL, SGLBINORMAL, SGLTANGENTor ary parameterhandle
obtainedfrom sglParameterHandle . The parametersize , type , stride  and pointer  follow
standardOpenGL vertex-array corventions. Pleasenotethat in the currentversionof the immediate-mode
API:

GL_FLOAT is theonly supportedype.

Stride shouldalways be setto 4 for SGLVERTEX andto 3 for SGLNORMALSGL BINORMALor
SGLTANGENTrrays.

After specifying all parameter arrays, they must be activated for rendering by calling
sglEnableClientState(int handle) . Similar, an activatedparameterrray canbe disabledagain

by calling sgIDisableClientState(int handle)

To rendertheactualvertex arrayusingall activatedparametearrays call
sglDrawArrays(GLenum mode, GLint first, GLsizei count) whichagainfollows standard
OpenGLcorventions.Pleasenotethatrenderingwill only occurif an SGLVERTEX arraywas bothspeci ed
andactivated.All otherparameterrraysareoptional. SGLNOMRAL, SGLBINORMALandSGLTANGENT

aresetto constantefaultvaluesif notprovided.
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7 Advancedfeatures

7.1 Manual badkendconbguration

To offer manual control over which baclendsthe shadingsystemshould use, the immediate-moden-
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-groupbaclkends(“cc” and“x86"), threevertex baclends(“cc”, “x86”,
and“nv20”), andtwo fragmenbaclendg“lb” and“nv”). “Ib” is astandard-OpenGhaclend;“nv” is aregister

combinerbaclend.

7.2 Shaderparametetist retrieval

Thefollowing two routinesallow a programto retrieve the lists of parametersequiredby a surfaceshader To
retrieve thenumberof parametersor the currentsurfaceshader:
sglGetParameterCount(int *count)  where countreturnsthe total numberof parametergor the

shader

To retrieve the nameandnumberof valuesfor a speci ¢ parameter:
sglGetParameterinfo(int p, char *name, int *vcnt) wherepde nestheparameteofthe
currentshaderrangingfrom 0 to (1-count) hamereturnsthenameof the parameteandvcntreturnshenumber

of valuesfor this parameterk.g. for a oat4 parametgwvcntwould return4.

To retrieve thelists of parametersequiredby a light shaderusethefollowing routines:
sglGetLightParameterCount(int lightid, int  *count)
sglGetLightParameterinfo(int lightid, int p, char *name, int *vcnt)

Both routinestake alightid asparametethatspeci esthelight for which informationshouldberetrieved.

8 Depth testing

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

only occursif animplementatiorusesthe frameluffer for inter-passemporarystoragen a multi-passshader
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9 Error Handling

The shadingsystemhasa exible methodfor handlingerrors. Errorsaredivided into two classesminor and

major. For eachclassof error, theapplicationcanchooseoneof four behaiors:

SGMSGNONE- No messagés printed,andprogramexecutioncontinues.Errorscanonly be detected

by polling for themusingsglGetError

SGLMSGWARNDNCE- A messages printed for the rst error that occurs,and programexecution

continuesNo messagés printedfor subsequergrrors.
SGLMSGWARN- A messagés printedfor every errorthatoccurs,andprogramexecutioncontinues.

SGLMSGABORT-Whenanerroroccurs amesssage printedandprogramexecutionis halted.

sglDebugLevel(int minor, int major)

Specifythebehaior for minorandmajorerrors.Thedefaultis sgiDebugLevel(SGL MSGWARNDNCE,
SGLMSGABORT).
GLenum sglGetError(void)

Poll for anerror. If no errorhasoccurred GL NOERRORs returned.If anerrorhasoccurredtheerror
codeis returned.
const GLubyte* sglErrorString(GLenum errorCode)

Returnsa descriptve stringcorrespondingo anerrorcode.

10 SystemTips

In our currentimplementationgvery sgiBegin /sglEnd pair is expensve. If possible groupall primitives
into onesuchpair.

Becausef restrictionsin currentgraphicshardware,if a translucenshadeiis implementedusingmore
thanonehardwarepasspverlappingtransparenprimitiveswill notrendercorrectly You mustcall sglFlush

betweereachgroupof potentiallyoverlappingprimitives to avoid this problem.
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Simple Pr ogram that uses Immediate -Mode Interface

#ndude stdiib h>

#ndude sstdio.h>

#ndude stringh> I*

#ndude GLQUth> *diaw ecbe wh dodwise \erts whe lookingat cube romouside
*

#ndude "tnode.h" void diawcube (oid) {

/*

*Maoo b ched OpenGL error satus andpiint mesage if 0

*
/
#cefine dedk gl error do {GLenum gkrr; \
vhile ((derr = dGetEra()) '= G NO_ ERROR) \

fpirtf(stcerr, OpenQ@_ erra o8 a (Vcs:%'\n‘: duBTraSringglerr), \

_EE , LNE )}whieQ)

f* The dllowhgpaaneter handies can ke choen nostly abiraily

(nust be srallish unigque numbers) */
#defne ”H_ COLOR
#oefne PIH AC
#oefne FH AL
#cefne H AQ
#ceine AH_TEX
#define H LV
#aefine AH_SURFCOL(

Boo\lbwmr—‘

f*gBndlexture D ¥
#deine TEXD1

GLioat light dffuse]] ={1.0, 00,00, 10}

/*
*Chekboad exture
*
/
#eine hedWidth &4
#ceine hedHeight 64
staiic GLubte cheddmagefheddWdth][chedHeight][4;

vdd m&eCheskInage(vad) {

it ij,c

fo (i=0 i<cleckheight; i++) {
fo (=0 j<cleckWotfy j++) {
¢ = ((80x8==0"((j&x8=-0))* 55,
checkinagefiJjl[9 = (Gubyte) c;
checkinagd[i][j][1 = (Gubyte) c;
checkinagdi][jl[2 = (Gubyte) c;
checkinagdi][j][3 = (Gubyte) 2%;
}

}
}

/*

*Ses up beddoard astexture HIEXID

*

vad seuplexture() {
nekeCheklnage);
dPixdStorei(@._UNPACK_ALIGNMENT, 1);
gBindTexture GL_TEXTURE_2D, TEXD),

Qflcetred] = {1 Q0, 00, 10}

Glbatgreen] ={0.0, 10,00,1 .0}
Glbatble]] ={0.0,00,10,10}

foatU\a] ={0.0, 00,00, 10}
foatU\b]] ={0.0, 10,00, 10}
foatuv{g ={10,10,00,10}
foatu\d] ={1.0, 00,00, 10}

gBegh(GL_QUADS);

gParameedf(PH SURFCOLOR, red);

[* x=Tece*/

gINomal3f( 10, 00, 00);
sdParaneterdfiv(”FH_WV, Wa);
sdParaneterdfv(FH_WV, UWb);
glParameedf(PH UV, W\C);
glParameedf(PH UV, Wd)
[* x=1fece*/
gINomal3f(-1.0, 00, 00,
sdParaneterdfv(FH_WV, Wa);
sdParaneterfv(RH_WV, UVb);
sdParaneter4fiv(FH_WV, WVe);
sdParaneterdfv(FH_Wv, Wd);
[* y=Xece*/

stivertex3( 10, -10, -10);
stivertex¥( 10, -10, 10);
glVertex3f( 10, 10, 10),
gVertex3f( 10, 10,-1.0);

sévertex3(-10, -10, -10);
sévertex¥(-10, 10, -10);
shyertex®(-10, 10, 10);
stivertex¥(-10, -10, 10);

glParameedf(PH SURFCOLOR, geen)

gINomal3f( 00, 10, 00),
sdParaneterdfiv(”fH_WV, Wa);
glParameedf(PH UV, Wb}
glParameedf(PH UV, W\C);
gParmmeed(PH UV, W)
[* y=1fece*/

sdNormal3f( Q0,-1.0, QO);
sdParaneterdfv(FH_WV, Wa);
gParmmeerd(PH UV, UWWb)
gParmeed(PH UV, Wo);
sdParaneterfv(RH_UV, UVd);
* z=Xece*/

stivertex3(-10, 10, -10);
gVertex3f( 10,10, -1.0);
glVertex3f( 10,10, 10),
gVertex3f(-1.0, 10, 10}

stvertexF(-10,-10, -10);
gVertex3f(-1.0,-10, 10),
gVertex3f(10;1.0, 10),
s@vertexF( 10,-10, -10);

gParmmeerd(PH SURFCOLOR, bLe);

gINomal3f( 00,00, 10),
glParameedf(PH UV, Wa)
glParameedf(PH UV, Wb}
gParmeed(PH UV, W)
gParmmeed(PH UV, W)
[* z=1face*/

gINomal3f( 00,00, -1.0);
sdParaneterdfiv(FH_WV, Wa);
sdParaneterdfv(FH_WV, UWh);
glParameedf(PH UV, W\C);
sdParaneterfv(RH_UV, UVd);
sgEnd();

gVerex3f(-1.0,-10, 10},
gVerex3f(-1.0, 10, 10}
gVertex3f( 10,10, 10)
gVertex3f( 10710, 10}

stivertex¥(-10,-10, -1.0);
stivertex3( 10,-1.0, -10);
gVertex3f( 10,10, -1.0);
stvertexF(-10, 10, -1.0);

glreammeeli(GL TEXTURE 2D, GL TEXTLRE WRAP S, GL_CLAVIP)

gleammeeli(GL TEXTURE 2D, GL TEXTLRE WRAP T,G._A_AVIP)

dTexPaaneteri(GL_TEXTURE 20 Q. TEXTURE_MAG HALTER,
Q._NEAREST);

dTexPaaneteri(GL_TEXTIRE 20 A._TEXTURE_MN HALTER,
Q_NEAREST);

dTeximageD(GL_TEXTURE_D, 0, GL RGBA, chekWidth, chekHeight,

0GL_RGBA, GL_UNSIGNED_BYTE cleckinage); continue d on ne xt page
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staiic void init_shader params(void) {
daic foatlight ambien{4] ={02,02,02,10}
daic int frame =0;

/*

*Chagesto maleliew metrix

*

gMatixMaleGL MOCELVEW);

gLaadtdentty();

guloolA{0.0,00,5, FEwe ¥
00,00,00, #Cerer?
00,10,00) #Up *

ghanslaief0.0, 00, -1.0);

gRottef((floajframe++, 00,10,00),

gRo#tef(35.264,10,00,00);

gRo#tef(45, 00,00, 10);

/*
*Shadigsysten s€up
*
#i0
F Speify spedfic codegas wihoutthis deéuits ae ugd *
sd_bcodegen('%86");
<t veod@en(n\20’);
sd_fcadegen('nv');
#endf
sdirit();

/*
*Loachrd @nmpile light shader
*
sdShadeFle99, "sinple_light', "../sinpstade.in’);

gConpieShade(299)
glAmbentlight ambient); gParametHandle("color”, PH GOLOR)
} glParameeHande(ac’, PH AC)
glParameeHandle("al’, PHAY)
/* QUTkeyhoad cdlback -- Qit when'Q key is pessed */ gParmmeeHandle("ag’, PH AQ)

vad keybard(ursigeed cha key, in x, iny) {
swtch(ke) {
case'q: cae'Q: /* qit */

/*
*Spedy lightpodtion& ®nfguaton
*/

&it(0; gLighPofu(299, SA _PGSITION, light postion);
lyeak; gLighPaameterdf(299, PH QOLOR, light wbo);
} gLighPaameterlf(29, PH AC, aten congany;
} gLighPaameterlf(29, PHA, aten linea));
gLighPaameterlf(29, PH AQ, aten_quadaic);
f* GLU reshape @allbadk - reset viewpadrwhe whnobw sze chargesy
vad reshge(GLint w Glint h) { I*
g Miewpot(0,0,w,h) *Loacdhard mnpile surface hader
} ki

f* GLU idle callbad — contnuously redaw ® thatwe get animaion *#

sgShadeFleg(l, 'sinple_suface', “./sinpshadein’);
LlUseLgh(299);

void dynamtldie void) { glConpieShadef200)
gutPostRedsplay(); gParmmeeHandle("surfcolor’,  PH SURFCGOLOR)
sdParaneterHande('tex", PH TEX);
glParameeHande('uv', PH W)
/* QUTdspay cdlbak -- caw thescene*/ }
vad dspay(vad) {
dCea(A@_CA.CR_BJFFER BT| G._ DEPTH BUR-ER BIT); int man(intagg char®argy) {
sdBindShader (200; I*
nit_shader paams(); * @UT sdup
dawabe(); */
gutSnapBuffers(); gutnit(€amgc agy);
ted gl error, dutlntDisdayMbde(GLUT_DOWBLE | GIUT _RGB| QUT_CEPTH);
} dutCreaeWhcbw("simpe");
dutDisgayFurc(dspay);
vad gixint(vad) { glitReshapeFundreshape)
foatlight ®bf4] ={10,10,10,10} gltdeFungdynamclde);
foataten_condant=10; gltKeyboardFrundkeyboad),
flat atten_linear =0.0%;
foataten quadaic =00; I*
GLbatlight position] ={3.0, 30,30, 10} *Initialize gaphés
*
gErebe(GL_DEPTH_TEST), gkini();
dMatrixMbde(GL_PROJECTION); stupexure();

duPerspective /* OV in deg */ 400, /* Apect ratio*/ 10,
K Zneat/ 10, ¥ Zar* 100),
gMatixMaleGL MOCELVEW);

gParmeerl(PH_TEX, TEXD)

/*

guloolA{0.0,00,5, FEwe ¥ *Shrt eventloop
00,00,00, #Center? *
00,10,00) #Up # gutManLoopf;
ghanslaief0.0, 00, -1.0); reun

}
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