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Application
Command
Geometry
Rasterization
Texture
Fragment
Display
>= 1000
>=10
2.1
1984 SGl IRIS 1400
flat-shaded
HP SPX SGI GT Phong
Gouraud Z-Buffer 1992 SGI
RealityEngine [Akeley93] 1996 InfiniteReality [Montrym97]
RealityEngine
1996  3Dfx PC Voodoo
3D Voodoo Gouraud
z PC 3D
PC
PC PC PC
PC
3D API OpenGL Direct3D 3D API
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BRDF
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Renderman [Upstill89] 3D
2001 3 nVidia GeForce 3 [Lindholm01]
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Vertex Stream
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Fasterization | Triangles
Pixels
Y Y v \ B
* ™ T A Texture
FP FP PP < PP | Sampler
Y Y Y 1',F‘u-FEIs
Blending
-2.2
-2.2 VE PP
Shader
Fragment Shader
-2.2
4

Shader

CPU

Vertex



SIMD Processor
-2.3

Temp Registers -
.o

-2.3

Testure Registers
0.5

L)

Texture
Addrassing

-2.4

-2.3

ro -2.3

OpenGL

e B

-2.4

Werex Streams

‘Vertax Data
Registers
vl w15

L )
Cutput Registers
aPos, oDn ... oTn,
oFog, ofts

Caolor Registers
wi v

- PP -

&

T

CutputTemporary

Registers
.S

-24  DirectX

[Michael02]

Addregs H.E'QIS-IE'T
al

Caonstant Registers
ol . cBs

Constant Registers
¢l .cT

-2.4



[Boltz03]



3.1

shader vertex
shader fragment shader
3D APl DirectX
OpenGL
PC 3D DirectX 8.0
9.0 DirectX vertex shader  fragment
shader shader GPU
DirectX shader
DirectX 9.0 sheder Vertex shader
vs1l1l vs20 vs2x vs30 Fragmentshader DirectX pixel
shader psl1l1 ps12 psld4 ps20 ps2x ps30
1.x shader
2.X
3.X
PC 3D OpenGL
openGL extension [sgext]
nVidia NV_VERTEX_PROGRAM  NV_FRAGMENT_PROGRAM
vertex shader  fragment shader ATI EXT_VERTEX_SHADER
ATl _FRAGMENT_SHADER vertex Shader  fragmentsShader
OpenGL 2002 6 2002 9
ARB_VERTEX_PROGRAM  ARB_FRAGMENT_PROGRAM
vertex shader  fragment shader shader
1.0 abvpl0 arbfplO DirectX vs1x pslx 2.0
arbvp20  arbfp20 DirectX VS 2 X ps_ 2 X
OpenGL 2.0 glslang
glslang arbvpl0 [arbvpl0]

arbfpl0 [arbfpl0] arbvp20 arbfp20 arbvp20/arbfp20



3.2 arbvpl0

321
Vertex shader
frame-buffer
EIIZI:E!
-3.1 OpenGL
LLSL vertex shader OpenGL vertex program
OpenGL vertex program vertex
program 0 Vertex program
Vertex
program -
322 arbvplO

arbvpl0 -3.2



Lxd registers (L = 9&)

-3.2 arbvplOo
arbvpl0 arbvpl0
arbvpl0
arbvpl0 16 -3.1
vertex.position X, Y, Z, W vertex.attrib [O]
vertex.weight W, W, W, W vertex.attrib [1] 0-3
vertex.wight [n] W, W, W, W vertex.attrib [1] n-n+3
vertex.normal X, ¥,2,1 vertex.attrib [2]
vertex.color r,g,b,a vertex.attrib [3]
vertex.color.primary r,g b, a vertex.attrib [3]
vertex.color.secondary r,g b, a vertex.attrib [4]
vertex.fogcoord f,0,0 1 vertex.attrib [5]
vertex.texcoord s, t,r,q vertex.attrib [8] 0
vertex.texcoord [n] s tr,q vertex.attrib [8 + n]
vertex.matrixindex i, 0,0 N/A 0-3
vertex.matrixindex [n] oy N/A n-n+3

-3.1
-3.1

glVertexAttrib

ATTRIB pos = vertex.position; # pos

vertex program

gVertex glNormal

vertex.position




arbvpl0 8 -3.2

result.position X, Y,Z,W
result.color r,o,ba
result.color.primary r,g b, a
result.color.secondary r,g b a
result.color.front r,g, b, a
result.color.front.primary r,g b, a
result.color.front.secondary r,g b a
result.color.back r,g, b, a
result.color.back.primary r,g b, a
result.col or.back..secondary r,g b a
result.fogcoord fx, x>
result.pointsize S
result.texcoord s trq
result.texcoord [N] s, t,r,q
-3.2
OUTPUT clipPos = result.position; # clipPos result.position
vertex program
arbvpl0 12 vertex program
vertex program vertex program
TEMP tempO, templ, temp2; #
arbvpl0
X
ADDRESS Areg; #
arbvpl0 %
vertex program PARAM
PARAM
PARAM
OpenGL
shader PARAM
1 PARAM
PARAM parl = 1.0; # parl {1.0 1.0 1.0 1.0}
PARAM pa2={1.0 2.0 3.0 4.0}; #par2 {10 2.0 3.0 4.0}
2 vertex program vertex program

OpenGL glProgramL ocal Parameter



vertex program % vertex

program vertex program PARAM
PARAM par = program.locd [8];
PARAM b [2] = program.local [4..5];
3
glProgramEnvParameter vertex program Vertex program
PARAM
PARAM a = program.env [§];
PARAM b [2] = program.env [4..5];
4  OpenGL -3.3 OpenGL
state.material .ambient r,g,ba
state.mateiral .diffuse r,g b, a
state.material .specular r,g b, a
state.material .shineness r,g,ba
state.material .front.* r,g b, a
state.mateiral.back.* r,g,ba
state.light [n].ambient r,og,ba
state.llight [n].diffuse r,o b a n
state.light [n].specular r,g b a n
state.light [n].position X, Y, Z,W
state.light [n].attenuation abrce
state.light [n].spot.direction X,Y,2C
state.light [n].half X, Y,z 1
state.lightmodel .ambient r,g, b, a
state.lightmodel .scenecolor r,g b a
state.lightmodel.front.* r,g b, a
state.lightmodel .back.* r,g, b, a
state.lightprod [n].ambient r,g b a
state.lightprod [n].diffuse r,g, b, a
state.lightprod [n].specular r,g, b, a
state.lightprod [n].front.* r,g, b, a
state.lightprod [n].back.* r,g, b a
state.texgen [n].eye.s ab,cd n TexGen
s
state.texgen [n].eye.t ab,cd n TexGen




state.texgen [n].eye.r ab,cd n TexGen

state.texgen [n].eye.q ab,cd n TexGen
q
state.texgen [n].object.* ab,cd n TexGen
sitirlq
state.fog.color r,og,ba
state.fog.params dser
state.clip [n].plane ab,cd n

state.point.size s nx,f
state.point.attenuation abcl

state.matrix.modelview [n] n
state.matrix.projection
state.matrix.mvp -
state.matrix.texture [n] n
state.matrix.palette [n] n
state.matrtix.program [n] n
-3.3 OpenGL
PARAM
PARAM ambient = state.material.ambient;
OpenGL OpenGL
323 arbvplO
arbvpl0 vertex program vertex program
OpenGL arbvpl0 27 SIMD
arbvpl0
Opcode dst, [-]s0 [.[-]s1[,[-]s2]]; # []
MOV R2, R2;
MAD R1, R2, R3, -R4;
-3.4 27 v S SSSS

128
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-3.4 * Vertex Program
R1=1{1, 2, 3, 4} RO
MOV RO, -R1; # RO ={-1, -2, -3, -4}
R1={1 2 3, 4}
RO
MOV RO, R1; #R0={1, 2, 3, 4}
MOV RO, RlLy; #R0={2, 2, 2, 2}
MOV RO, Rlyzwx; # R0O={2, 3, 4, 1}
R0O={0,0,0,0f R1={1,23,
RO
MOV RO.xy, R1; # R0 ={1, 2, 0, 0}



3.24 arbvp10

ARBvpl.0

ATTRIB pos = vertex.position;
PARAM mat [4] = { state.matrix.mvp};

# Transform by concatenation of the MODELVIEW and PROJECTION matrices.
DP4 result.position.x, mat [0], pos;

DPA4 result.position.y, mat [ 0], pos;

DPA4 result.position.z, mat [Q], pos;

DP4 result.position.w, mat [0], pos,

# Pass the primary color through w/o lighting.
MOV result.color. vertex.color;

END
-3.3 arbvpl0

3.3 arbfpl0

331

Fragment shader ~ OpenGL -3.4
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rasterizer

Teztture Fetch and
Application
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-3.4 OpenGL
LLSL fragment shader OpenGL fragment program
OpenGL fragment program fragment
program Fragment program



Fragment program

3.3.2 arbfpl0

arbfp10 -3.5

Farameters
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-3.5 arbfpl0

arbvpl0 arbfpl0
arbfpl0
arbfpl0
arbfp10 10 -35
fragment.color r,o b, a
fragment.color.primary r,g, b, a
fragment.col or.secondary rg b a
fragment.texcoord s trq
fragment.texcoord [n] s t,rq
fragment.fogcoord f,0,0,1
fragment.position X, Y, z, Uw
-3.5
ATTRIB clr = fragment.color; # clr fragment.color
fragment program
arbfp10 10 -3.6
result.color r,g b a
result.depth * %, d*




-3.6

OUTPUT finalClr = result.color; # findClr result.color
fragment program
arbfpl0 16 fragment program
fragment program fragment program

TEMP tempO, templ, temp2; #

arbfp10 24 fragment program
PARAM
PARAM
PARAM
OpenGL
shader
PARAM
1 PARAM
PARAM parl = 1.0; # parl {1.0 1.0 1.0 10}
PARAM pa2={1.0 2.0 3.0 4.0}; #par2 {10 2.0 3.0 4.0}
2 fragment program fragment
program OpenGL
glProgramL ocal Parameter fragment program 24
fragment program Fragment program
PARAM

PARAM par = program.locd [8];
PARAM b [2] = program.local [4..5];

3
gl ProgramEnvParameter fragment program Fragment program
PARAM
PARAM a = program.env [§];
PARAM b [2] = program.env [4..5];
4  OpenGL -3.7 OpenGL

state.material.ambient r,g b, a

state.mateiral .diffuse r,g,ba

state.material .specular r,g, b, a

state.material .shineness r,g b, a

state.material .front.* r,og,ba *
state.mateiral .back.* r,g b, a *

state.light [n].ambient r,o, b a n




state.llight [n].diffuse r,g, b, a n
state.light [n].specular r,o, b a n
state.light [n].position X, Y,Z,W n
state.light [n].attenuation abce n
state.light [n].spot.direction X,Y,zC n
state.light [n].half X, ¥,z 1 n
state.lightmodel .ambient r,g, b a
state.lightmodel .scenecolor r,g, b, a
state.lightmodel .front.* r,g, b, a
state.lightmodel .back.* r,g b, a
state.lightprod [n].ambient r,g, b, a
state.lightprod [n].diffuse r,g b, a
state.lightprod [n].specular r,g, b, a
state.lightprod [n].front.* r,g, b, a
state.lightprod [n].back.* r,g, b, a
state.fog.color r,g, b, a
state.fog.params d,ser
state.depth.range n,f,d,I
state.matrix.modelview [n] n
state.matrix.projection
state.matrix.mvp -
state.matrix.texture [n] n
state.matrix.palette [n] n
state.matrtix.program [n] n
-3.7 OpenGL
PARAM

PARAM ambient = state.materia .ambient;

OpenGL OpenGL

3.3.3 arbfpl0

arbfp10 fragment program fragment program
OpenGL 48

24 arbfp10 33 29 SIMD 4



-3.8

arbfp10

33

Opcode dst, [-]s0 [,[-]s1[,[-]s2]]; # []

MOV R2, R2,
MAD R1, R2, R3, -R4;
\Y S
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R1={1, 2, 3,4} RO
MOV RO, -R1; # RO ={-1, -2, -3, -4}
R1={1, 2, 3, 4
RO
MOV RO, R1; #R0={1, 2, 3, 4}

MOV RO, Rly; #R0={2, 2, 2, 2}

MOV RO, Rlyzwx; # R0O={2, 3, 4, 1}

R0O={0,0,0,00 R1={1,23
4} RO

MOV RO.xy, R1; # R0={1, 2, 0, 0}

3.34 arbfp10

ARBfp1.0

TEMP temp; # temporary.
ATTRIB tex0 = fragment.texcoord [O];
OUTPUT out = result.color;

TEX temp, tex0, texture [0], 2D; # Fetch texture.
MOV out, temp; # Output result fragment color.

END
-3.6 arbfpl0
3.4 arbvp20 arbfp20
arbvpl0/arbfpl0
arbvpl0/arbfpl0
arbvpl0/arbfpl0
OpenGL nVidia NV_VERTEX_PROGRAM2 [nvvp20]
OpenGL ARB
arbvp20/arbfp20 arbvp20/arbfp20
NV_VERTEX_PROGRAM?2 arbvpl0/arbfpl0 arbvp20/arbfp20
NV_VERTEX_PROGRAM?2 nvvp20 nVidia nVidia
NV3X  OpenGL nVidia arbvpl0
arbvp20 nvwp20 Nvvp20 arbvpl0

nvvp20



nvvp20 CcC BRA,
CAL RET nvvp20
CC
CC
GT EQ LT UN
EQ CC
0 CcC
CcC
BRA < > [< >];
GT CC GT
EQ CcC EQ
LT.x CcC X LT
LT.xyzw CC GT
LT.wyzw | CC Y,Z,W LT
-3.9
MOVC CC, c [0]; #c[0]= -2,0,2,NaN CC LT, EQ, GT, UN
BRA Labdl LTxyzw ;
MOV RO, R1; #
Labell:
BRA Labd2 LTwyzw ;
MOV RO, R2; #
Label2:
Labell Label2
nvvp20
vertex program
nvvp20 vertex program 256
64K
nvvp20 arbvpl0  arbfpl0
arbvp20  arbfp20 gldang gcx
3.5
arbvpl0 arbfpl0 arbvp20  arbfp20 gldang gcx

arbvpl0/arbfp10
arbvp20/arbfp20
HLSL shader LLSL shader



4.1

1 DirectX OpenGL 3D AP
2
3 Renderman shader
4
2001 Pat Hanrahan siggraph
[Pat2001]
Renderman
Cg DirectX HLSL OpenGL gldang Cg nVidia
C Cg
Cg profile  Cg
DirectX
OpenGL nVidia
DirectX HLSL Cg DirectX
glssang OpenGL Shading Language OpenGL 2.0 OpenGL
gldang  OpenGL 3D Labs
glslang
OpenGL glslang
4.2 glslang
421 (gldang

gildang  OpenGL 2.0 OpenGL 2.0
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-4.1 OpenGL 2.0
OpenGL 2.0
gldang
vertex program gldang
fragment program OpenGL
vertex program  fragment program  gldang
gldang vertex gldang  fragment glslang
OpenGL 2.0 OpenGL 2.0
program shader
program program shader Shader
C gldang program shader
vertex fragment program shader
program OpenGL 2.0 program
program shader program program
program
-4.2
Verkex (objeck) Lnifarrm Verbe (clip)
Mormal ¢ Werkex (eyve)
Color Frant&Back,
Secondary”olar v Color
ertex
— * Shader — * Fant&Back
Secondardolor
TemZoordn Te mporaries TemZoordn
EdoeFlag ¢ EdgeFlag




-4.2

-4.2 vertex program OpenGL 2.0
arbvpl0 vertex glslang
OpenGL glVertex glNormal
glVertexAttrib vertex program

vertex program
MAX_VERTEX_ATTRIBS ARB 16 vertex program

-4.2
vertex program vertex program speciad variables
varying variables
gl_Position -4.2 uniform
uniform primitive
OpenGL 2.0 vertex program vertex program
uniform uniform OpenGL 2.0
uniform OpenGL vertex program
uniform uniform uniform

MAX_VERTEX_UNIFORM_COMPONENTS _ARB 512 OpenGl 2.0 vertex

program
-4.3
Color .
Uniform Texture
Secandary”alar ¢ "‘L
TexCoord[A] e Fragment ——l Colar
Shader
zilz,), 5
Depth lT o Cepth
FrontfFacing | FrontFacing
-4.3
-4.3 fragment program
vertex program
-4.7
vertex program  fragment program
-4.3 fragment program -4.8
OpenGL 2.0 -4.3
uniform  vertex program uniform uniform

MAX_FRAGMENT_UNIFORM_COMPONENTS ARB 64  OpenGL 2.0 fragment
program



4.2.2 gldang

-4.4 vertex program
varying vec3 Normal; /I output.
#define MVP  gl_Mode ViewProjectionMatrix
#define MV g_ModeViewMatrix
#define MV _IT gl_NormalMatrix

void main  void

{
g_Postion = MVP * gl_Vertex;
Normal = normalize MV_IT * gl_Normal ;
}
-4.4  Vertex Program
-4.5 fragment program
varying vec3 Normal; // input.
uniform vec3 LightColor; // Light color.
uniform vec3 LightPos; // Light position.

void main void

{
vec3 color = LightColor;
color *=max 0.0 dot normaize Normal LightPos
gl_FragColor =vec4 color 1.0 ;
}
-4.5 Frgment Program
glslang C glslang
Renderman
4.3 glslang
431 (gldang
-4.1 gldang
void
bool true false
int
float
vec2
vec3
vecsd




bvec2
bvec3
bvecd
ivec2
ivec3
ivecd
mat2 2% 2
mat3 3x 3
mat4 4x 4
samplerlD
sampler2D
sampler3D 3
samplerCube
sampler1DShadow
sampler2D Shadow
-4.1 gldang
-4.1 glslang glslang
C gldang
bool int int 16 float IEEE
Matrix
Sampler
uniform OpenGL 2.0
C
bool bSuccess;
inti,j=42;
float a, b =1.5;
vecd vColor =vecd 0.3,0.4,04.1 ;
mat4 mView;
struct light
{
float intensity;
vec3 position;
¥
float fregs [3];
light lights [4];
4.3.2

gldang C



4.3.3

-4.2 gldang type qualifiers
<none, default>
const
attribute
varying
uniform
in
out
inout
-4.2
const attribute uniform varying const
main
Attribute vertex program Varying vertex program
fragment program Uniform
OpenGL
const in out inout const
4.4 gldang
gldang C
cast glslang C
glslang C
== 1=
-4.3
{x.y,z, w}
{r.0,b, &
{s t.pa}
-4.3
vecsd pos;
vec3 normal;
vec4 color;
POS.X; I

pos.xyzw; [/
poswxyz; [/



POS.XXYY;
pos.rg;

pos [3];
pos.rgbw;
normal .xw;

mat4 m;

m [1];
m [0][O];

1
1
I
1
I

I
I

gldang C++

bool b = false;
intn=int b ;

float f = 0.0;

vec3v3=vec3 f

vecdv4d =vecd v3 f

gldang
45 glslang

C

shader gldang

C++

vaue-return

out

gldang

continue break

46 gldang

4.6.1 glslang

if

C

-4.4 gldang

z
normal
Constructor
// bool
/I f v3
ol va v3
f
C gldang
in
if-else for while-do do-while

return discard

switch discard
discard fragment program

Vertex program

g_Color




gl_SecondaryColor | vecd
g_Normal Vec3
o_Vertex vecd
g_MultiTexCoordO | vecd 0
g_MultiTexCoord7 | vec4 7
gl_ForCoord vec4d
-4.4 gldang
4.6.2 gldang
gldang -4.5 vertex program
OpenGL 2.0 -4.6 vertex
program OpenGL 2.0 fragment program
g_Position | vecd
g_PointSize | Foat
o_ClipVertex | vecd
-4.5 gldang
gl_FrontColor vecd
gl_BackColor vecd
gl_FrontSecondaryColor | vecd
gl_BackSecondaryColor | vecd
gl_TexCoord [] Vech
g_FogFragCoord float
-4.6 gldang
4.6.3 glslang
-4.7 Fragment program
gl_Color vecsd
gl_SecondaryColor | vecd
gl_TexCoord [] vecd
ol_FogFragCoord | float

-4.7 gldang



4.6.4 glslang

-4.8 gldang Fragment program
OpenGL 2.0
g_FragCoord | vec4
gl_FrontFacing | Bool
g_FragColor | vec4
g_FragDepth | Float
-4.8 dldang
4.6.5 ¢gldlang uniform
gldang uniform gldang shader
OpenGL glslang
4.6.6 glslang
gldang glslang shader
gldang

gldang



