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Q CgDeveloper'sCD

CD Cg
CD Cg CD

readme.txt

1 Cg 89
Cg Cg
97
133
DirectX 8 DirectX 9 OpenGL 14
Cyg

APl Cg
NVIDIA cgsupport@nvidia.com
Cg
QO VertexShader VS1.1 DirectX 8 DirectX 9 vs_1 1
QO VertexShader VS 2.0 Extended VS 2.0 DirectX 9

vs_2 0 VS_2_ X vs_2_*
O PixelShader PS1.1 1.2 1.3 DirectX 8 DirectX 9

ps_ 1 1 ps_12 ps_1 3 ps_1 *
Q PixelShader PS2.0 Extended PS 2.0 DirectX 9 ps_2 0

ps_2_x ps_2_*
O ARB_Vertex_Program 1.0 OpenGL arbvpl
O ARB_Fragment_Program 1.0 OpenGL ar bf p1
O NV_Vertex_program 1.0 NV_Vertex_program 2.0 OpenGL
vp20 vp30

a NV_Fragment_Program 1.0 OpenGL f p30
QO NV_register_combiners and NV_Texture _shader OpenGL

f p20
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static const
1
i nout
i nout
1 return 1
if
return
varying
== | =
>=
while (foo) { ... }
uniform 1
1 uniform
+ ¥ 2
API cgl sPar aret er Ref er enced()
Cg

static

for

< > <=

true

XVi

NVIDIA

808-00504-0000-003



ARB
a OpenGL Cg ARB

OpenGL uniform

O OpenGL ARB

ps 2 *
o
a

arbfpl fp30 ps 2 *

] iflelse

a %

fp20
FOG varying

ps 1 * fp20
a fp20 ps_1 *

Cg
URL

http://developer.nvidia.com/view.asp?lO=gdc2001_texture_shaders
http://developer.nvidia.com/view.asp?lO=gdc2001_programmable_texture

OpenGL  NV_register_combiners NV _texture_shader
DirectX PS11 1.2 13
DirectX 8
noi se()
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a varying
varying
varying
a
a out
NVIDIA Cg

http://developer.nvidia.com/Cg
Cg

Web

xviii
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Cg Cg C
GPU CPU
Cg GPU
CPU 1
GPU 2
1 Cg
GPU

3D API i
3D API l

3D API:
OpenGL
Direct3|
CPU GPU

GPU I
GPU

L

1 Cg GPU
Cg
Cg
GPU
Cg Cg
Cg OpenGL
DirectX Cg

OpenGL DirectX
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Cg

CPU
CPU GPU

Cg
Cyg
API
Cg Cg

Q DirectX 9
CG PROFI LE_VS 2 X
CG PROFILE_ VS 2 0
-profile vs_2 x
-profile vs_2 0

Q DirectX 9
CG PROFI LE_PS 2 X
CG PROFILE PS 2 0
-profile ps_2_x
-profile ps_2 0

a OpenGL ARB
CG_PRCFI LE_ARBVP1
-profile arbvpl

O OpenGL ARB
CG_PROFI LE_ARBFP1
-profile arbfpl

O OpenGL NV30
CG_PROFI LE_VP30
-profile vp30

a OpenGL NV30
CG_PROFI LE_FP30
-profile fp30
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Q DirectX 8
CG PROFILE VS 1 1
-profile vs_1_1

O DirectX 8
CG PROFILE PS 1 3
CG PROFILE PS 1 2
CG PROFILE PS 1 1
-profile ps_1_3
-profile ps_1_2
-profile ps_1_1

O OpenGL NV2X
CG_PRCFI LE_VP20
-profile vp20

O OpenGL NV2X
CG_PRCFI LE_FP20

-profile fp20
DirectX 9 vs_2 X ps_2_x OpenGL ARB
ar bf p1 ar bvpl NV 30 OpenGL fp30 vp30
DirectX 8 vs_ 1 1 ps_1 3 NV 2X OpenGL
fp20 vp20
197
Cg
CPU C min() 1
Cg
<return-type> <program nane>(<paraneters>)[: <semanti c- name>|
{7 ... %}
GPU
4 808-00504-0000-003
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CPU main 1
GPU

Cg C
Cg

Cg

Cg 2
a varying
varying
varying

Q uniform

uniform
uniform

varying

varying _
varying

O

: API
OpenGL 1.4 1

Cg
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POSI TI ON NORVAL  TANGENT TEXCOORD3

struct nyinputs {

float3 myPosition : PCSI TI O\
fl oat 3 myNor mal : NORMAL;
fl oat 3 myTangent . TANGENT;
float refractive_index : TEXCOORDS;
i
outdata foo(nyinputs indata) {
[* .0 %
// Wthin the program the paraneters are referred to as
/1 "indata.nyPosition", "indata.nyNormal", and so on.
[* .0 %
}
Cg
Cg
PCOSI TI ON BLENDWEI GHT
NORMAL TANGENT
Bl NOCRMAL PSI ZE
BLENDI NDI CES TEXCOORDO—FEXCOCRDY
POSI T1 ONO
PCSI Tl ON
OpenGL Cg
varying
DirectX Cg
struct
outdata foo(float3 nyPosition : POSI TI ON,
fl oat 3 nmyNor nal : NORMAL,
fl oat 3 myTangent : TANGENT,
float refractive_index : TEXCOORD3) {
[* ... %
/1l Wthin the program the paraneters are referred to by
[/l their variable names: "nyPosition", "myNornmal",
/1 "nyTangent", and "refractive_i ndex".
[* .0 %
}
6 808-00504-0000-003
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varying

[l Vertex program

struct myvf {
float4 pout
float4 diffusecol or
float4 uv0
float4 uvl

I

nmyvf foo(/* ...
myvf outstuff;
[ * */
return outstuff;

“1) A

}

[l Fragment program

struct myvf {
float4 diffusecol or
float4 uv0
float4 uvl

I

fragout bar (nyvf indata)
float4 x = indata.uv0
[ * */

TEXCOORDO-TEXCOORD?

Cg

varying

Cg

POSITION, // Used for rasterization
COLORO;
TEXCOORDO;

TEXCOORDL1,;

COLORO;
TEXCOORDO;
TEXCOORD1;

{

POSI TION PSIZE FOG COLORO-COLORL
Cg

PCSI TI ON
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struct myvert2frag {

float4 pos : POSI TI ON;
float4 uvO0 : TEXCOORDO;
float4 uvl : TEXCOORDI1;

h

/1 Vertex program
myvert2frag vertmain(...) {
nmyvert 2f rag out dat a;
[* ... %
return outdat a;

}

[/ Fragnent program
voi d fragnmai n(nmyvert2frag indata ) {

float4 tcoord = indata.uvo;
[* .0 %
}
struct
PCSI TI ON
i ndat a. pos fragmain
varying
COLOR
out
void main(/* ... */,
out float4 color : COLOR, out float depth :
[* o0
color = diffuseColor * /* ...*/;
depth = /*...*/;
}

struct

DEPTH

DEPTH) {

NVIDIA
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float4 main(/* ... */) : COLOR {

[* ... %

return diffuseCdor * [* ... */;
}

varying 2 appin
vertout
Cg
89

[/ Define inputs from application.
struct appin

{

fl oat4 Position : POSITI ON;
fl oat4 Nor mal : NORMAL;

&

[/ Define outputs from vertex shader.
struct vertout

{

fl oat4 HPosition : POSITI ON;

fl oat4 Col or ;. COLOR;

i

vertout main(appin IN,
uni form fl oat 4x4 Model Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ewl T,
uni form fl oat4 Li ght Vec)

vertout QOUT;

/1 Transformvertex position into honbgenous clip-space.
QUT. HPosi tion = mul (Mbdel Vi ewProj, IN. Position);

/1 Transform normal from nodel -space to vi ew space.
fl oat3 normal Vec = nornalize(nul (Mbdel View T,
I N. Normal ). xyz);

[/l Store normalized |ight vector.
float3 |ightVec = nornalize(Li ghtVec. xyz);

/1 Calculate half angle vector.
float3 eyeVec = float3(0.0, 0.0, 1.0);

808-00504-0000-003
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float3 hal fVec = normalize(lightVec + eyeVec);

/] Cal cul ate diffuse conmponent.
float diffuse = dot(nornmal Vec, |ightVec);

/1 Cal cul ate specul ar conponent .
fl oat specul ar = dot (normal Vec, hal fVec);

/1 Use the lit function to conpute |ighting vector from
/1 diffuse and specul ar val ues.
float4 lighting = lit(diffuse, specular, 32);

/1 Blue diffuse materi al
float3 diffuseMaterial = float3(0.0, 0.0, 1.0);

/1 \White specul ar materi al
float3 specularMaterial = float3(1.0, 1.0, 1.0);

/1 Conbi ne diffuse and specul ar contri butions and

// output final vertex col or.

QUT.Color.rgb = lighting.y * diffuseMaterial +
lighting.z * specul arMaterial;

QUT. Color.a = 1.0;

return OUT;
}
C Cg
a
a
a
a
Cg 6
a float
32 |IEEE 238 1 23
8

DirectX 8

10
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a half
16 IEEE s10e5
a int
32
i nt fl oat
a fixed
12 s1.10
Q bool
if ?
Q sanpler*
sanpl er sanpl er 1D sanpl er 2D
sanpl er3D sanpl er CUBE sanpl erRECT 6
1
sanpl er RECT DirectX
Cg
float4 float3 float2 floatl
bool 4 bool 3 bool 2 bool 1
4x 4
float 1x1 matri x1; [/ One element matrix
fl oat 2x3 matri x2; [l Two-by-three matrix (six el enents)
fl oat 4x2 matri x3; /1 Four-by-two matrix (eight el enments)
fl oat 4x4 matri x4; /'l Four-by-four matrix (sixteen el enments)
float M 4][4] float4x4 M
Cg
Cg C C
(newt ype)
808-00504-0000-003 11
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C
fl oatvar * hal fvar floatvar * (float) hal fvar

Cg C 1
Cg hal fvar *
2.0 hal fvar * (half) 2.0

((doubl e) halfvar) * 2.0

Cg C
C
hal fvar * 2. 0f ((float) halfvar)
* 2.0f
Cg
a float f
a half h
a fixed X
Cg C Cg struct

t ypedef C++

struct mystruct {
[* .0 %}
mystruct s; // Define "s" as a "nystruct".

Cg C Cg

/] Declare a function that accepts an array
/1 of five skinning matrices.
returnType foo(float4x4 nmymatrix[5]) {/* ... */};

uniform

12
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@)
«

00000000 ODo

@]

g C
return
iflelse
whi | e
for

00 0 D

i <=3 Cg

VS_2 X vp30
for
for

Cg

bool

whil e

switch case def aul t

Cg

bool

return

808-00504-0000-003
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C
C++
GPU
Cy Cg
2
2
Cg 2
C++ 2
Cg C++
function bl ahl(out float x); /1 x is output-only
function bl ah2(inout float x); /1l x is input and out put
function blah3(in float x); /Il x is input-only

function blah4(float x); // x is input-only (default, as in C

Cg
1
2
2 bool
2 fl oat
bool same(float a, float b) { return (a == b);}
bool same(bool a, bool b) { return (a == b);}
C
Cg C + - * ]
float3(a, b, c) * float3(A B, C = float3(a*A, b*B, c*C)
a* float3(A B, O = float3(a*A a*B, a*Q
14 808-00504-0000-003
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Cg  mil()

[/ WMatrix by colum-vector nmultiply
matri x-col um vector: nmul (M v);

/'l Rowvector by matrix nmultiply
row vector-matrix: nmul (v, M;

[/ Matrix by matrix nmultiply
matrix-matrix: mul (M N);

Cg

NVIDIA

mul ()
mul () 19 Cg

Cg 4
y = x * float4(3.0, 2.0, 1.0, -1.0);
Cg C 3

&& AND

[ R

]
C i nt int

Cg bool

Cg bool C

<

<=

| =

>=

>

808-00504-0000-003 15
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C Cg
bool
C AND &&
Cg
y z w
r
GPU

float3(a, b, c).zyx

float4(a, b, c, d).xxyy

float2(a, b).yyxx
float4(a, b, c, d).w

OR ||

float3(c, b, a)

Ll Ll

d

a. xxxx - float4(a, a, a, a)

float4 col or
color.a

1.0;

float4(1.0, 1.0, 0.0, 0.0);

/1 Set alpha to 1.0,

float4(a, a, b, b)
float4(b, b, a, a)

| eavi ng RGB al one.

16

NVIDIA
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Cg C iflelse ?:
bool
2 3

m n() max ()

float3 clanp(float3 x, float minval, float nmaxval) {
X = (x < mnval.xxx) ? mnval.xxx : X;
X = (x > maxval . xxx) ? maxval . xxx : X;

return x;
}
Cg
Cg
2
a
sanpl er sanpl erlD sanpler2D sanpl er3D
sanpl er CUBE sanpl er RECT
Cg
uniform Cg
a
2 3
4
t ex2D() 2D
RGBA
voi d appl yt ex(uni f orm sanpl er 2D nyt ext ur e,
fl oat 2 uv : TEXCOORDO,
out fl oat 4 outcolor : COLOR) {
out col or = tex2D(nytexture, uv);
}
808-00504-0000-003 17
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Cg

25

tex2D (sanpler2D tex, float2 s);
t exRECT (sanpl erRECT tex, float2 s);
t exCUBE (sanpl erCUBE tex, float3 s);

t ex2Dpr 0j (sanpler2D tex, float3 sq);

t exRECTproj (sanpl erRECT tex, float3 sq)

1

t exCUBEproj (sanpl erCUBE tex, float4 sq);

tex2D (sanpler2D tex, float2 s,
float2 dsdx, float2 dsdy);

t exRECT (sanpl er RECT tex, float2 s,
fl oat2 dsdx, float2 dsdy);

t exCUBE (sanpl erCUBE tex, float3 s,
float3 dsdx, float3 dsdy);

X dsdx
25

tex2Dproj (sanpler2D tex, float4 szq);
t ex2DRECT (sanpl er RECT tex, float4 szq);

z

Cg

Cg

y dsdy

Cg
165

18

NVIDIA
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GPU Cy

GPU

GPU

GPU

0O 00 0O

struct

808-00504-0000-003 19
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1
abs(x) X
acos(x) X [w2,mw2] x [-1,1]
al I (x) X 0 true
fal se
any( x) X 0 true
fal se
asi n(x) X
x [-1,1]
at an(x) X [-v2,172]
atan2(y, Xx) yl x [t
ceil (x) X
clamp(x, a, b) X [a, b]
. a a
. b
. X
cos(x) X
cosh(x) X
cross(a, b) a
a b
degress(x)
determ nant (M M
dot (a, b) a
exp(x) e*
exp2(x) 2%
fl oor (x) X
frod(x, vy) X!y X
y O
frac(x) X

20

NVIDIA
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1
frexp(x, out exp) [1/2,1) 2
2 exp
0 0
isfinite(x) true
i si nf(x) true
i snan(x) NaN true
| dexp(x, n) * 2N
lerp(a, b, f) (1-f)*a + b*f a b
f a
lit(ndotl, ndoth, m
4
X 1.0
y (n ®l) <0 0
(neol)
z (nel) <0 (neh) <0
0 (neh)™m
w 1.0
1 0g(x) I n(x)
0
1 0g2(x) 2 X
0
1 0g10( x) 10 x
0
max(a, b) b
mn(a, b) b
808-00504-0000-003 21
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nmodf (x, out ip) X X
ip
ml (M N M N
Mll M21 M31 M41 Nll N21 N31 N41
mul(M, N) = Mip My, Mgy My fINp, Ny Ny Ny,
M13 M23 M33 M43 N13 N23 N33 N43
M14 M24 M34 M44 N14 N23 N34 N44
M Ax B N Bx C
Ax C
mil (M v) M v
Mll M21 M31 M41 V1
mul(M, v) = My My My, Mgy i1V,
M13 M23 M33 M43 V3
M14 M24 M34 M44 V4
M Ax B v Bx1 AX
1
mul (v, M v M
Mll M21 M31 M41
M, M, M, M
mul(v, M) = [V, V. V. V]| 2 22 Ps2 Y42
! 2 8 *+ M13 M23 M33 M43
M14 M24 M34 M44
v 1x A M Ax B 1x
B
noi se( x) 1 2 3
0 1
pow(x, Y) xY
radi ans( x)
round(x) X
rsqgrt(x) X
x 0

22

NVIDIA
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1
si gn(x) x>0 1
x <0 -1
0
si n(x) X
si ncos(fl oat x, S X C X

out s, out c)

si n(x) cos(x)

si nh(x) X
snoot hst ep(mi n, X mn nax X=mn
max, Xx) 0 X = max 1

X [ m n, max]

-2¢((x-mn)/ (max-mn) )3 + 3*((x-nmin)/(nax-mn))?2

step(a, x) Xx<a 0
X >=a 1
sqrt(x) X
x 0
tan(x) X
t anh(x) X
transpose(M M M Ax B M

808-00504-0000-003
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di stance(ptl, pt2) ptl1 pt2
faceforward(N, |, Ng) |dot(Ng, 1) <0
-N
| engt h(v)
nor mal i ze(v) \
reflect(i, n) i n
3
refract(i, n, eta) i
eta i n
eta
(0,0,0)
3

24

NVIDIA

808-00504-0000-003




ps_2 arbvpl f p30
3 float4
ps_1
f p20
197
3
tex1D(sanpl er1D tex, float s)
1
tex1D(sanpl er1D tex, float s, float dsdx, float dsdy)
1
tex1D(sanpl er1D tex, float2 sz)
1
tex1D(sanpl er1D tex, float2 sz, float dsdx, float dsdy)
1
tex1Dproj (sanpl er1D tex, float2 sq)
1
tex1Dproj (sanpl er1D tex, float3 szq)
1
tex2D(sanpl er2D tex, float2 s)
2
tex2D(sanpl er2D tex, float2 s, float2 dsdx, float2 dsdy)
2
tex2D(sanpl er2D tex, float3 sz)
2

808-00504-0000-003

NVIDIA

25




Cg

3

tex2D(sanpl er2D tex, float3 sz, float2 dsdx, float2 dsdy)
2

tex2Dproj (sanpl er2D tex, float3 sq)
2

tex2Dproj (sanpl er2D tex, float4 szq)
2

t exRECT( sanpl er RECT tex, float2 s)
2 RECT

t exRECT(sanpl er RECT tex, float2 s, float2 dsdx, float2 dsdy)
2 RECT

t exRECT( sanpl er RECT tex, float3 sz)
2 RECT

t exRECT(sanpl er RECT tex, float3 sz, float2 dsdx, float2 dsdy)
2 RECT

t exRECTproj (sanpl er RECT tex, float3 sq)
2 RECT

t exRECTproj (sanpl er RECT tex, float3 szq)
2 RECT

tex3D(sanpl er3D tex, float3 s)
3

tex3D(sanpler3D tex, float3 s, float3 dsdx, float3 dsdy)
3

tex3Dproj (sanpl er3D tex, float4 szq)
3

26

NVIDIA
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t exCUBE( sanpl er CUBE tex, float3 s)

t exCUBE( sanpl erCUBE tex, float3 s, float3 dsdx, float3 dsdy)

t exCUBEpr o

j (sanpl er CUBE tex, float4 sq)

2
s 1 2 3

z q

s
hal f 4 h4

h4t ex2D() fixed4 x4 x4t ex2D()

4 Cg

4
ddx(a) X a
ddy(a) y a

808-00504-0000-003
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Cg

voi d debug(fl oat4 x) DEBUG
COLOR
DEBUG
2
1 DEBUG
ps_1 fp20 fragout

struct fragout {
float4 col : COLOR

|
ps_2 arbfpl f p30
struct fragout {

hal f 4 col : COLOR;
float depth : DEPTH;

1%

struct fragout_float {
float4 col : COLOR;
float depth : DEPTH,

5
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Cg

Direct3D API
29 Cg
2 35 Cg
API Cg Cg
Cg
Cg
Cg
2
1
2.
varying uniform
2
Cg
Cg
Cg

Cg
APl OpenGL API

Cg

API

3D API

Cg
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Cg

Cg

a

Cg

Cg

Cg

O

Cg

Cg

Cg

Cg

Cg

API

Cg

Cg

Cg

Cg

3D API

Cg

3D AP

OpenGL
Direct3D
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Cg

OpenGL  Direct3D

API

. - -

2 Cg API
Cg
OpenGL Direct3D
Cg cg
OpenGL  Direct3D
OpenGL Direct3D Cg AP
OpenGL Cg
cg&@ Direct3D Cg
cgb3D
2 Direct3D Cg 1 Direct3D
8 1 Direct3D 9 Direct3D 8 Cg
cgD3D8 Direct3D 9 Cg cgD3D9
2
Direct3D 9 Cg Direct3D
8Cqg
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Cg

Cg APl C

#i ncl ude <Cg/ cg. h>

OpenGL Cg API
#i ncl ude <Cg/ cgCL. h>

Direct3D 9 Cg API
#i ncl ude <Cg/ cgD3D9. h>

Direct3D 8 Cg API
#i ncl ude <Cg/ cgD3D8. h>

Cg

C++

Cg

CCcont ext context = cgCreateContext();

Cg

cgCr eat ePr ogramn()

CCGpr ogr am pr ogram = cgCr eat ePr ogr am( cont ext ,
CG_SOURCE, nyVertexProgranstring,
CG _PROFI LE_ARBVP1, "nmin", args);

CG_SOURCE

Cg

CG_PROFI LE_ARBVP1
"mai n"

null null

3D API Cg

myVer t exPrograntString Cg

args

APl
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Cg

Direct3D Direct3D Direct3D

cgD3D9Set Devi ce( Devi ce) ;

Direct3D

Cg Direct3D 9 Cg

cgD3D9LoadPr ogr an{ program CG _FALSE, 0);
Direct3D 8 Cg

cgD3D8LoadPr ogr an{ program CG _FALSE, 0, 0, vertexDeclaration);

vertexDecl arati on
Direct3D 8 cgD3D8LoadPr ogr any)
cgD3D9LoadPr ogr am() 75

OpenGL
cgGd.LoadPr ogr an( pr ogr an ;

CGpar anet er nyParanmeter = cgCet NamedPar anet er (

program "nyParanmeter");

"nyPar anmeter”

OpenGL
cgG.Set Par anet er 4f v( nyPar anet er, val ue);

Direct3D
cgD3D9Set Uni f or m( nyPar anet er, val ue);

val ue 4 float4

nmy Par anet er
APl
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Cg

OpenGL

cgGLEnabl eProf i | e( CG_PROFI LE_ARBVP1) ;
Direct3D

OpenGL
cgGLBi ndPr ogr anm( pr ogr am ;

Direct3D
cgD3D9Bi ndPr ogr an( pr ogr anj ;

OpenGL
cgGLDi sabl eProfil e( CG_PRCFI LE_ARBVP1) ;

Direct3D Direct3D

cgD3DOSet Devi ce(0) ;

cgDest r oyPr ogr am( pr ogr am ;

cgDest r oyCont ext (cont ext ) ;
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Cg

Cg Cg
Cg
3D AP API
Cg
Cg 3
CCcont ext CGpr ogram CGpar anet er
3
3
3
Q CGbool CG_TRUE CG_FALSE
Q CGenum
a CCGcontext CGorogram CGpar anet er const char*
0
Cg
Cg
cgCr eat eCont ext ()
CCcont ext cgCreat eCont ext ();
cgDest r oyCont ext ()
voi d cgDest royCont ext (CCGcont ext context);
cgl sCont ext ()
CCGhool cgl sCont ext (CCGcont ext context);
808-00504-0000-003 35
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Cg

Cg
iterate Cg
cgCr eat eProgram()
CCGpr ogr am cgCr eat ePr ogr an{ CGcont ext cont ext,
CGenum progr amlype,

const char* program
CCorofile profile,
const char* entry,
const char** args);

cgCreat eProgranfrontil e()

CGpr ogr am cgCr eat ePr ogr anfr onfi | e( CGcont ext cont ext,

a context

Q profile
Q entry
0 mai n
Q args
null
2 program
pr ogram
cgCr eat eProgram() program
prograniype CG SOURCE
CG_CBJECT

cgCreat eProgranfrontil e()

CGenum progr anlype,
const char* program
Corofile profile,
const char* entry,

const char** args);

null null

cgCreat eProgranfrontfil e()

Cg

CGpr ogr am 0

cgDest r oyPr ogr am()

voi d cgDestroyProgram CGor ogram progranj;
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Cg

cgCr eat eProgram() cgCr eat eProgranfrontil e()

cgl sProgranConpi | ed()

CGbhool cgl sPrograntConpi | ed( CGpr ogram pr ogr anj ;
cgConpi | eProgram)

cgConpi | eProgr am( CGor ogr am progran ;

cgCopyPr ogr an)
CGpr ogr am cgCopyPr ogr am( CGpr ogr am pr ogr anj ;

program

Iteration

cgGet Fi r st Program()
cgGet Next Pr ogr an() Iteration
CGpr ogr am cgGCet Fi r st Progr an( CGcont ext context);
CGpr ogr am cgGet Next Pr ogr an{ CGpr ogr am pr ogr anj ;

cgGet Fi r st Progr ant()

0 cgGet Next Pr ogr am()
0
cont ext 2

CGpr ogr am program = cgGCet Fi r st Pr ogr an{ cont ext ) ;
while (program!= 0) {
/* Here is the code that handl es the program */
program = cgGCet Next Pr ogr an( pr ogran ;
}

cgGet Fi r st Program) cgGet Next Program()
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Cg

cgl sProgram()
CCGbool cgl sProgran{ CGor ogram progranj;

cgCr eat eProgram()
cgGet Last Li sting()
const char* cgGetLastListing(CGcontext context);

cgCr eat eProgran()
cgGet LastListing() O

cgCet Progr antCont ext ()

CCcont ext cgGet Pr ogr antCont ext ( CGpr ogr am pr ogr am ;
cgGet ProgranProfil e()

CCprofil e cgGet ProgranProfil e(CGrogram program ;
cgCet Profile() cgGetProfileString()

CCprofile cgGet Profil e(const char* profileString);
const char* cgGetProfileString(CGorofile profile);

cgGet Profile()
CG_PROFI LE_UNKNOWN

cgGet Progranstring() stringType
const char* cgGet Progranstri ng(CGorogram program
CGenum stringType);
stringType
O CG_PROGRAM SOURCE: Cg
O CG PROGRAM ENTRY: Cg

O CG PROGRAM PROFI LE:
0 CG_COVPl LED PROGRAM
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Cg

Cg
Cg

cgGet Fi r st Paranmet er () cgGet Next Par anet er ()

CGpar anet er cgGet Fi r st Par amet er ( CGor ogr am pr ogr am
CCGenum nanespace) ;
CCGpar anet er cgGet Next Par anet er (CGpar anet er paraneter);

cgCet Fi r st Paramet er () 1

cgGet Next Par anet er ()
0
cgGet Fi r st Parameter () nanespace
cgCet Next Par anet er ()

nanmespace CG_PROGRAM

cgGet Fi r st Par anmet er () cgCet Next Par anet er ()

program 2

CGpar anet er paraneter = cgCet Fi r st Par anet er (progr am
CG_PROGRAM ;
while (paraneter !'= 0) {
/* Here is the code that handl es the paraneter */
par anet er = cgGCet Next Par anet er (par aneter) ;

}

CG_STRUCT
OG_ARRAY
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Cg

cgCet Fi rst St ruct Par anet er ()
cgGet Next Par anet er ()
CGpar anet er cgGet Fi rst Struct Paranet er (
CGpar anet er paraneter);

par anet er CG_STRUCT cgCet Fi rst Struct Par anet er ()
0
cgCet ArrayDi mensi on() cgGet ArraySi ze()
cgCet ArrayPar anet er () cgCet Next Par anet er ()
int cgGet ArrayDi nensi on( CGpar anet er paraneter);
int cgGet ArraySi ze(CGpar anet er paraneter, int dinmension);
CCpar anet er cgGet ArrayPar anet er (CGar anet er par anet er,

int index);

3 par anet er CG_ARRAY 0

cgCet ArrayDi mensi on() float4
array[ 10] 1 float4 array[10][ 100] 2

cgGet ArraySi ze()
float4 array[ 10][ 100] cgGet ArraySi ze(array, 0) 10
cgGet ArraySi ze(array, 1) 100 anArray
cgGet ArraySi ze(anArray, 0) 1
program

voi d |terateProgranParanmet er s( CGr ogr am program {
Recur sePr ogr anPar anmet er s( cgGet Fi r st Par anmet er ( pr ogr am

CG_PROGRAM) ) ;
}
voi d Recur sePr ogr anPar anet er s( CGpar anet er paranmeter) {
if (paraneter == 0)
return;
do {

swi t ch(cgGet Par anet er Type( paraneter)) {
case CG_STRUCT:
Recur sePr ogr anPar anet er s(
cgGet Fi r st St ruct Par anet er ( par aneter) ) ;
br eak;
case CG_ARRAY:
int arraySize = cgGet ArraySi ze(paraneter, 0);
for (int i =0; i < arraySize; ++i)
Recur sePr ogr anPar anet er s(
cgCet ArrayPar anet er (paraneter, i));
br eak;
defaul t:
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Cg
/* Here is the code that handl es the paraneter */

br eak;

} while((paranmeter = cgCet Next Paramet er (paranmeter))!= 0);
}

cgCet Fi r st Leaf Par arret er () cgGet Next Leaf Par anet er ()
CGpar anet er cgGet Fi r st Leaf Par anmet er ( CGpr ogr am pr ogr am

CGenum nanespace) ;
CGpar anet er cgGet Next Leaf Par anmet er (CGpar anet er paraneter);

cgCet NamedPar anet er ()

CGpar anet er cgGet NanedPar anet er ( CQor ogr am pr ogr am
const char* nane);

nane cgCet NanedPar anet er ()
0
Cg
struct FooStruct {
float4 A;
float4 B;

i
struct BarStruct {
FooSt ruct Foo[ 2] ;

i
void mai n(Bar Struct Bar[3]) {
/1
}
"Bar"
"Bar[1]"
"Bar[1]. Foo"

"Bar[1].Foo[0]"
"Bar[1].Foo[O0].B"
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Cg

cgl sPar anet er ()
CGbool cgl sParanet er (CGpar anmet er par aneter);

Cg

cgl sPar anet er Ref erenced()
CGbhool cgl sPar anet er Ref er enced( CGpar anet er paraneter);

cgGet Par anet er Progran()

CGpr ogr am cgGet Par anet er Pr ogr anm( CGpar anet er paraneter);

varying uniform
cgCet ParaneterVariability()
CGenum cgCet Par anet er Vari abi | i t y(CGoar anet er paraneter);

varying CG_VARYI NG uniform
CG_UNI FORM CG_CONSTANT

cgGet ParaneterDirection()

CGenum cgCet Par anet er Di rect i on( CGpar anet er paraneter);

CG IN
CG_ouUT CG_| NoUT
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Cg

cgCet Par anet er Type()
C& ype cgGCet Par anet er Type( CGpar anet er paraneter);

5 1 CG_STRUCT
2 CG ARRAY 3 hal f
CG HALF* 4 fl oat CG FLOAT* 5
sanpl er CG_SAMPLER*

cgGet Type() cgGet TypeString()

C& ype cgGet Type(const char* typeString);
const char* cgGet TypeString(C&ype type);

cgGet Type()
CG_UNKNOWN_TYPE

cgCet Par anet er Name()
const char* cgGet Par anet er Nane( CGpar anet er paraneter);

cgGet Par anet er Serrant i c()

const char* cgGet Paranet er Semant i c( CGpar anet er paraneter);

PCSI TION COLOR
1 1 Cg
CGresour ce
cgCet Par anet er Resour ce()

CGresour ce cgGet Par anet er Resour ce( CGpar anet er par aneter);

cgCet Par anet er Resour ce() CG_UNDEFI NED
cgGet Resource() cgGet ResourceString() 2

CGresource cgGet Resource(const char* resourceString);
const char* cgGet ResourceString(CG esource resource);

cgGet Resour ce()
CG_UNDEFI NED

cgGet Par anet er BaseResour ce() Cg

CGr esour ce cgGCet Par anet er BaseResour ce(
CCpar anet er paraneter);

CG_TEXCOCRD?
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Cg

Cg

CG_TEXCOORDO

cgGet Par anet er BaseResour ce() CG_UNDEFI NED

cgGet Par anet er Resour cel ndex()
unsi gned | ong cgGCet Par anet er Resour cel ndex(
CCpar anet er paraneter);

CG_TEXCOORD?
cgGet Par anet er Resour cel ndex() 7

cgGet Par anet er Val ues() uniform

const doubl e* cgGCet Par anet er Val ues( CGpar anet er par anet er,
CCGenum val ueType, int* nunber O Val uesRet ur ned) ;

val ueType CG DEFAULT val ueType
CG_CONSTANT doubl e
cgGet Par anet er Val ues() nunber O Val uesRet ur ned

Cg

CCerror error = cgGetError();
const char* errorString = cgGetErrorString(error);

Cg

cgGetError()
void MyError Cal | back() {
const char* errorString = cgGetErrorString(cgGetError());

}
cgSet Error Cal | back( MyError Cal | back) ;

Cg CGerror
O CG NO ERROR

O CG COWI LER ERROR:
cgCet Last Li sting()

O GG | NVALI D_PARAVETER ERROR:
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O

Cg

OG | N\VALI D_PROFI LE_ERROR:

OG | N\VALI D_VALUE_TYPE_ERRCR:

OG_NOT_MATRI X_PARAM ERROR:

OG_| NVALI D_ENUVERANT ERROR:

CG_NOT_4x4_NMATRI X_ERROR: 4% 4

CG_FI LE_READ ERROR:

CG_FI LE_WRI TE_ERRCR:
OG_MEMORY_ALLOC_ERROR:

CG | NVALI D_CONTEXT_HANDLE_ERROR:

OG | NVALI D_PROGRAM HANDLE_ERROR:

OG | NVALI D_PARAM HANDLE_ERROR:

OG_UNKNOWN_PROFI LE_ERROR:

OG VAR ARG ERROR

OG_| NVALI D_DI MENSI ON_ERROR:
OG_ARRAY_PARAM ERROR:

OG OUT_OF ARRAY_ BOUNDS_ERROR:

Cg

API Cg API

Cg

API

API

Cg

808-00504-0000-003
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Cg

uniform

Direct3D Cg

Direct3D Cg

OpenGL Cg

OpenGL Cg

OpenGL

OpenGL
f

APl

uniform

Cg

OpenGL Cg
OpenGL

Direct3D

doubl e

69

uniform

fl oat

Cg

Direct3D

GPU
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Cg

uniform uniform

cgGLSet Par anet er
voi d cgCLSet Par anet er 1f (CGpar anet er par anet er,
voi d cgCGLSet Par anet er 1f v( CGpar anet er par anet er,
const float* array);
voi d cgCGLSet Par anet er 1d( CGpar anet er par anet er,
voi d cgCGLSet Par anet er 1dv( CGpar anet er par anet er,
const doubl e* array);

voi d cgCLSet Par anet er 2f (CGpar anet er par anet er,
float y);

voi d cgCGLSet Par anet er 2f v( CGpar anet er par anet er,
const float* array);

voi d cgCGLSet Par anet er 2d( CGpar anet er par anet er,
doubl e y);

voi d cgCGLSet Par anet er 2dv( CGpar anet er par anet er,
const doubl e* array);

voi d cgCGLSet Par anet er 3f (CGpar anet er par anet er,
float y, float z);

voi d cgCGLSet Par anet er 3f v( CGpar anet er par anet er,
const float* array);

voi d cgCGLSet Par anet er 3d( CGpar anet er par anet er,
doubl e y, double z);

voi d cgGLSet Par anet er 3dv( CGpar anet er par anet er,
const doubl e* array);

voi d cgCLSet Par anet er 4f (CGpar anet er par anet er,

float x);

doubl e x);

float x,

doubl e x,

float x,

doubl e x,

float x,

float y, float z, float w;

voi d cgCGLSet Par anet er 4f v( CGpar anet er par anet er,
const float* array);
voi d cgCGLSet Par anet er 4d( CGpar anet er par anet er,

doubl e x,

doubl e y, double z, double w;

voi d cgCGLSet Par anet er 4dv( CGpar anet er par anet er,
const doubl e* array);

cgG.Set Par aret er uniform

varying

varying
OpenGL
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Cg

cgQ.Get Par anmet er 1f (CGpar anet er paraneter, float* array);
cgGL.Get Par anet er 1d( CGpar anet er par aneter, doubl e* array);
cgGL.Get Par anet er 2f (CCGpar anet er paraneter, float* array);
cgGL.Get Par anet er 2d( CGpar anet er par aneter, doubl e* array);
cgQ.Get Par anmet er 3f (CCGpar anet er paraneter, float* array);
cgQ.Get Par anmet er 3d( CGpar anet er par aneter, doubl e* array);
cgQ.Get Par anet er 4f (CGpar anet er par aneter, doubl e* array);
cgQ.Get Par anet er 4d( CGpar anet er par aneter, type* array);

uniform

cgG.Set Mat ri xPar anet er 4x 4

voi d cgG.Set Matri xPar anet er f r (CGpar anet er par anet er,
const float* matrix);
voi d cgG.Set Mat ri xPar anet er f c( CGpar anet er par anet er,
const float* matrix);
voi d cgG.Set Mat ri xPar anet er dr ( CGpar anet er par anet er,
const double* matrix);
voi d cgG.Set Mat ri xPar anet er dc( CGpar anet er par anet er,
const double* matrix);

voi d cgG.Get Matri xPar anet er f r (CGpar anet er par anet er,
float* matrix);

voi d cgG.Get Matri xPar anet er f c( CGpar anet er par anet er,
float* matrix);

voi d cgG.Get Mat ri xPar anet er dr (CGpar anet er par anet er,
doubl e* matrix);

voi d cgGL.Get Mat ri xPar anet er dc( CGpar anet er par anet er,
doubl e* matrix);

OpenGL 4% 4 cgC.Set St at eMat ri xPar anet er ()

O

voi d cgG.Set St at eMat ri xPar anet er (CGpar anet er par anet er,
GLenum st ateMatri xType, G.enum transforn);

stateMatri xType
CG_GL_MODELVI EW MATRI X

CG_GL_PRQJECTI ON_MATRI X
CG GL_TEXTURE_MATRI X

48
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a
]
a
]

Cg

OG_GL_MODELVI EW PROJECTI ON_MATRI X

transform

uniform

uniform
cgGLSet Par anet er Arr ay

voi d

voi d

voi d

voi d

voi d

voi d

voi d

voi d

CG_GL_MATRI X_I DENTI TY

CG GL_MATRI X_TRANSPCSE
CG_GL_MATRI X_I NVERSE

CG G._MATRI X_| NVERSE_TRANSPCSE

cgG.Set Par anet er Array1f ( CGpar anet er par anet er,
| ong startlndex, |ong nunber Cf El enents,
const float* array);

cgG@.Set Par anet er Arrayld( CGpar anet er par anet er,
| ong startlndex, |ong nunmber O El enents,
const doubl e* array);

cgG.Set Par anet er Arr ay2f ( CGpar anet er par anet er,
| ong startlndex, |ong nunber Cf El enents,
const float* array);

cg@.Set Par anet er Array2d( CGpar anet er par anet er,
| ong startlndex, |ong nunber Cf El enents,
const doubl e* array);

cgG.Set Par anet er Arr ay3f ( CGpar anet er par anet er,
| ong startlndex, |ong nunmber Of El enents,
const float* array);

cgG@.Set Par anet er Array3d( CGpar anet er par anet er,
| ong startlndex, |ong nunber O El enents,
const doubl e* array);

cgG.Set Par anet er Arr ay4f ( CGpar anet er par anet er,
| ong startlndex, |ong nunmber Cf El enents,
const float* array);

cgG@.Set Par anet er Arr ay4d( CGpar anet er par anet er,
| ong startlndex, |ong nunmber Cf El enents,
const doubl e* array);

1 floatl 2 float2
start | ndex

nunber O El enent s
start | ndex st art | ndex+nunber O El enent s nunber O El enent s

nunber & El enents 0
startl ndex

cgGet ArraySi ze(paraneter,0)-1
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number Of El enent s cgCet ArraySi ze( paraneter, 0) -start| ndex
array

cgG.Set Par anet er Arrayl nunber O El enent s

cgG.Set Par anet er Array2 2*nunber O El enent s

voi d cgGL.Get Par anet er Arraylf (CGpar anet er par anet er,

Il ong startlndex, |ong numberOf El enents, float* array);
voi d cgGL.Get Par anet er Arrayld( CGpar anet er par anet er,

I ong startlndex, |ong nunber Of El enents, double* array);
voi d cgG.Get Par anmet er Arr ay2f (CGpar anet er par anet er,

Il ong startlndex, |ong numberOfEl enents, float* array);
voi d cgGL.Get Par anet er Array2d( CGpar anet er par anet er,

I ong startlndex, |ong number Of El enents, doubl e* array);
voi d cgGL.Get Par anet er Arr ay3f (CGpar anet er par anet er,

Il ong startlndex, |ong number OfEl enents, float* array);
voi d cgG.Get Par anet er Arr ay3d( CGpar anet er par anet er,

l ong startlndex, |ong nunber Of El enents, doubl e* array);
voi d cgGL.Get Par anet er Arr ay4f (CGpar anet er par anet er,

Il ong startlndex, |ong nunmberOf El enents, float* array);
voi d cgGL.Get Par anet er Array4d( CGpar anet er par anet er,

l ong startlndex, |ong nunber Of El enents, double* array);

uniform

voi d cgG.Set Mat ri xPar anet er Arr ayfr (CCGpar anet er par anet er,
I ong startlndex, |ong nunber Cf El enents,
const float* array);

voi d cgG.Set Mat ri xPar anet er Arr ayf c( CGpar anet er par anet er,
I ong startlndex, |ong nunmber Cf El enents,
const float* array);

voi d cgG.Set Mat ri xPar anet er Arraydc( CGpar anet er par anet er,
I ong startlndex, |ong nunber O El enents,
const doubl e* array);

voi d cgG.Set Mat ri xPar anet er Arraydc( CGpar anet er par anet er,
I ong startlndex, |ong nunmber Cf El enents,
const doubl e* array);

voi d cgG.Get Matri xPar anet er Arrayfr (CCGpar anet er par anet er,

Il ong startlndex, |ong nunmberOf El enents, float* array);
voi d cgGLGet Mat ri xPar anet er Arr ayf c( CGpar anet er par anet er,

Il ong startlndex, |ong numberOfEl enents, float* array);
voi d cgG.Get Matri xPar anet er Arraydc( CGpar anet er par anet er,

| ong startlndex, |ong nunber Of El enents, doubl e* array);
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voi d cgCGLGet Mat ri xPar anet er Ar r aydc( CGpar anet er
| ong nunber O El enment s,

I ong startl ndex,

c r
varying

varying

varying

varying

cgG.Set Par anet er Poi nter ()

voi d cgGLSet Par anet er Poi nt er (CGpar anet er
GLenum t ype,

GLint size,
GLvoi d* array);

si ze array
1 2 3 4
z 1w
type array
G._FLOAT G._DOUBLE
stride 2
0 si ze
array

voi d cgCGLEnabl ed i ent St at e( CGpar anet er

type

Cg

par anet er,
doubl e* array);

cgG.Set Mat ri xPar anet er

GPU
2
par anet er,
CLsi zei stride,
0 x vy
GL_SHORT GL_INT
stride
2
varying

par aneter);

voi d cgCLDi sabl eC i ent St at e( CGpar anet er paraneter);

varying
varying

cgG.CGet Par anet er

cgGLSet Par anet er
cgGLSet Par anet er
OpenGL
varying
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sampler
sampler 2
sampler OpenGL

voi d cgG.Set Text ur ePar anet er (CGpar anet er par anet er,
GLui nt textureNane);

textureName  OpenGL

2 sampler
voi d cgG.Enabl eText ur ePar anet er (CGpar anet er par aneter);

cgG@.Enabl eText ur ePar anet er () cgG.Set Text ur ePar anet er ()

voi d cgG.Di sabl eText ur ePar anet er (CGpar anet er paraneter);
sampler
GLui nt cgGLGet Text ur ePar anet er (CGpar anet er paraneter);

sampler OpenGL

GLenum cgGLGet Text ur eEnun{ CGpar anet er paraneter);

GL_TEXTURE#_ARB  #

OpenGL
OpenGL

CCprofil e cgCGGetLatestProfil e(CGGEenum profil eType);

profil eType CG_G__VERTEX CG_G._FRAGVENT
cgCr eat eProgran() cgCr eat eProgranfrontil e()
cgG.CGet Latest Profil e()

Cg
1
cgG.Set Opti mal Opti ons() cgCr eat eProgram()
cgCr eat ePr ogr anfronti |l e()
voi d cgG.Set Opti mal Opti ons(CGorofile profile);
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OpenGL

cgG.LoadPr ogran()

voi d cgGL.LoadPr ogram CGpr ogr am pr ogram ;

cgGLEnabl eProfil e()
voi d cgCGLEnabl eProfil e(CGorofile profile);

cg@.Bi ndPr ogr an()

voi d cgGLBi ndPr ogram CGpr ogr am pr ogram ;

1 1

cgQ.Di sabl eProfil e()

voi d cgCGLDi sabl eProfil e(CGorofile profile);

OpenGL

cg@.l sProfil eSupported()

CCGhool cgG.lsProfil eSupported(CGprofile profile);
profile CG _TRUE
CG_FALSE
OpenGL
OpenGL Cg Cg
OpenGL
54 OpenGL
OpenGL
Cg Ver t exPr ogram cg
voi d Vert exProgran(
in float4 position PCSI Tl ON,
in float4 col or COLORO,
in float4 texCoord TEXCOORDO,
out float4 positionO : PGCSITION,
out float4 colorO COLORO,
out float4 texCoordO : TEXCOORDO,

const uni form fl oat 4x4 Mbdel Vi ewiVatri x )
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{
posi tionO = mul (positi
col orO = col or;
t exCoordO = t exCoord;

}

OpenGL
Cg Fr agment

voi d Fragnent Progr an(
in float4 col or
in float4 texCoord
out float4 col orO

on, Model Vi ewMatri x) ;

Program cg

COLORO,
TEXCOORDO,
COLORO,

const uni form sanpl er 2D BaseText ur e,
const uni form fl oat4 SoneCol or)

{

colorO = col or * tex2D(BaseTexture, texCoord) +

}

OpenGL
C

#i ncl ude <cg/ cg. h>
#i ncl ude <cg/ cgG.. h>

float* vertexPositions;
float* vertexCol ors;
float* vertexTexCoords;
GLui nt texture;

float constant Col or[];
CCcont ext cont ext ;

CCGpr ogr am ver t exPr ogr am
CCprofile vertexProfile,

CCpar anet er position, color,

/'l Initialized sonmewhere
// Initialized sonmewhere
// Initialized sonmewhere
/[l Initialized somewhere
/[l Initialized somewhere

f ragnent Pr ogr am
fragnment Profil e;

nmodel Vi ewMat ri x;

[/ Called at initialization

void CgG.lnit()
{

[/l Create context

cont ext = cgCreateContext();

/1 Initialize profiles and conpiler options
vertexProfile = cgG.GetLatestProfil e(CG G._VERTEX);

SoneCol or;

el se
el se
el se
el se
el se

texCoord, baseTexture, soneCol or,

54
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cgG.Set Opti mal Opti ons(vertexProfile);
fragnentProfile = cgG. Cet Lat est Profil e(CG G._FRAGVENT) ;
cgG.Set Opt i mal Opti ons(fragnent Profil e);

/|l Create the vertex program

vert exProgram = cgCr eat eProgr anfronti | e(
context, CG _SOURCE, "VertexProgram cg",
vertexProfile, "VertexProgran', 0);

/1 Load the program
cgG.LoadPr ogr an( vert exProgran ;

I/l Create the fragnent program

f ragnment Program = cgCr eat ePr ogr anfr onFi | e(
context, CG _SOURCE, "FragnentProgram cg",
pi xel Profile, "FragmentPrograni, 0);

/! Load the program
cgG.LoadPr ogr an{( f r agnent Pr ogr anj ;

/1l Grab some paraneters.
position = cgGet NanedPar anet er (vert exProgram "position");
col or = cgGet NanedPar anet er (vert exProgram "color");
texCoord = cgGet NanedPar anet er (vert exProgram "texCoord");
nodel Vi ewatri x = cgGet NanedPar anet er (vert exPr ogr am
" Model Vi ewvatri x");
baseText ure = cgCet NanedPar anet er (f r agment Pr ogr am
"BaseTexture");
sonmeCol or = cgCet NanedPar anet er (f r agnent Pr ogr am
"SonmeCol or") ;

/1 Set paraneters that don't change:

/1l They can be set only once because of paraneter shadow ng.
cgG.Set Text ur ePar anet er (baseTexture, texture);

cgG.Set Par anet er 4f v( someCol or, const ant Col or);

}

[/l Called to render the scene
voi d Displ ay()
{
/1 Set the varying paraneters
cgGLEnabl ed i ent St at e( posi tion);
cgG.Set Par anet er Poi nter (position, 3, GL_FLOAT, O,
vert exPositions);
cgGLEnabl eCl i ent St at e(col or);
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}

cgG.Set Par anet er Poi nter(col or, 1, G._FLOAT, O,
vertexCol ors);

cgGLEnabl eCl i ent St at e(t exCoord) ;

cgG_Set Par anet er Poi nt er (t exCoord, 2, GL_FLOAT, O,
vert exTexCoor ds) ;

/1 Set the uniform paraneters that change every frane
cgG.Set St at eat ri xPar anmet er (nodel Vi ewatri x,
CG_GL_MODELVI EW PRQJECTI ON_MATRI X,
CG_GL_MATRI X_I DENTI TY) ;

/1 Enable the profiles
cgGLEnabl eProfil e(vertexProfile);
cgGLEnabl eProfil e(fragment Profile);

/1 Bind the progranms
cgGL.Bi ndPr ogr an( vert exProgranj ;
CcgGLBi ndPr ogr an{( f r agnent Pr ogr am) ;

/] Enabl e texture
cgGLEnabl eText ur ePar anet er (baseText ure) ;

/! Draw scene
[/

/] Disable texture
cgGLDi sabl eText ur ePar anmet er (baseText ure) ;

/! Disable the profiles
cgGLDi sabl eProfil e(vertexProfile);
cgGL.Di sabl eProfil e(fragnentProfile);

/1 Set the varying paraneters
cgGLDi sabl ed i ent St at e( posi ti on);
cgG.Di sabl ed i ent Stat e(col or);
cgGL.Di sabl ed i ent St at e(t exCoor d) ;

/1 Called before application shuts down
voi d CgShut down()

{

}

/1 This frees any runtine resource.
cgDest r oyCont ext (cont ext) ;
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OpenGL

OpenGL Cg CGerror
0O OG _PROGRAM LOAD ERROR:

O CG PROGRAM Bl ND_ERROR:
0O CG PROGRAM NOT_LOADED ERROR:

O OG UNSUPPORTED GL_EXTENS| ON_ERROR:

Open GL
OpenGL Cg Cg OpenGL
OpenGL
Cg gl GetError()
Direct3D Cg
Direct3D Cg 2
a : Direct3D
Direct3D
a
Direct3D Cg
Direct3D
Direct3D
Direct3D
Direct3D
Direct3D 9
I Di rect 3DDevi ce9: : Creat eVert exDecl arati on()
I Di rect 3DDevi ce9: : Set Vert exDecl arati on() Direct3D 9
Direct3D 8
I Di rect 3DDevi ce8: : Creat eVert exShader ()
Direct3D 8
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Direct3D 9

const D3DVERTEXELEMENT9 decl aration[] = {
{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE POSI TION, 0 }, // Position
{ 0, 3 * sizeof(float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_NORMAL, 0 }, // Normal
{ 0, 8 * sizeof (float),
D3DDECLTYPE_FLQAT2, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_TEXCOORD, 0 }, // Base texture
{ 1, 0 * sizeof (float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_TEXCOORD, 1 }, // Tangent
D3DD3CL_END( )

|
Direct3D 8

const DWORD decl aration[] = {

D3DVSD_STREAM 0) ,

D3DVSD_REG D3DVSDE_POSI TI ON, D3DVSDT_FLOAT3), // Position

D3DVSD_REG D3DVSDE_NCRVAL, D3DVSDT_FLQAT3), /1 Nor mal

D3DVSD_SKI P( 2) , /1 Skip the diffuse and specul ar col or

D3DVSD_REG D3DVSDE_TEXCOORDO,

D3DVSDT_FLOAT2), // Base texture

D3DVSD_STREAM 1) , /'l Tangent basis stream

D3DVSD_REQ D3DVSDE_TEXCOORD1, D3DVSDT_FLOAT3),// Tangent

D3DVSD_END( )
|

Direct3D 1 0
3 2
0 3 3
3 0
DWORD 2
1 3

Direct3D 9 Cg Cg

cgD3D9Get Vert exDecl arati on()
CGhool cgD3D9Cet Vert exDecl arati on( CGpr ogram pr ogr am
D3DVERTEXELEMENT9 decl ar at i on[ MAXD3DDECLLENGTH] ) ;

MAXD3DDECLLENGTH Direct3D 9 Direct3D 9
cgD3DOCet Vert exDecl arati on()
GG _FALSE
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Direct3D 8 Cg Cg
cgD3D8Get Ver t exDecl arati on()
CGbool cgD3D8Cet Vert exDecl arati on( CGpr ogr am pr ogr am
DWORD decl ar ati on[ MAX_FVF_DECL_SI ZE] ) ;

MAX_FVF_DECL_SI ZE Direct3D Direct3D
cgD3D8Cet Vert exDecl arati on()
CG FALSE
cgD3D9Get Vert exDecl arati on() cgD3D8Get Ver t exDecl arati on()

void main(in float4 position : POSITION,

in float4 col or : COLORO,
in float4 texCoord : TEXCOORDO,
out float4 hpos . POSI TI ON)

{1}

const D3DVERTEXELEMENT9 decl aration[] = {

{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLOAT4, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_POSI TION, 0 },

{ 0, 4 * sizeof(float),
D3DDECLTYPE_FLOAT4, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_COLOR, 0 1},

{ 0, 8 * sizeof(float),
D3DDECLTYPE_FLOAT4, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_TEXCOCORD, 0 1},

D3DD3CL_END( )

i

Direct3D 9 Cg
const DWORD decl aration[] = {
D3DVSD_STREAM 0) ,
D3DVSD_REG( D3DVSDE_PCSI TI ON, D3DVSDT_FLOAT4),
D3DVSD_REG( D3DVSDE_DI FFUSE, D3DVSDT_FLOAT4),
D3DVSD_REG( D3DVSDE_TEXCOORDO, D3DVSDT_FLOAT4),
D3DVSD_END( )

Direct3D 8 Cg
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cgD3D9Val i dat eVert exDecl arati on()

CCGhool cgD3D9Val i dat eVert exDecl arati on( CGor ogr am pr ogr am
const D3DVERTEXELEMENT9* decl arati on);

Direct3D 9 Cg
cgD3D8Val i dat eVer t exDecl arati on()
CCGhool cgD3D8Val i dat eVert exDecl arati on( CGr ogram program
const DWORD* decl aration);

Direct3D 8 Cg
cgDBDAVal i dat eVert exDecl arati on()
cgD3D8Val i dat eVert exDecl arati on() CG_TRUE
varying
Direct3D 9
varying
D3DVSD_REQ ) Direct3D 8

void main(float4 position : POSITION,
float4 col or : COLORO,
float4 texCoord : TEXCOORDO)
{1

Direct3D 9

const D3DVERTEXELEMENT9 decl aration[] = {

{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSACE_POSI TION, O 1},

{ 0, 3 * sizeof(float),
D3DDECLTYPE_D3DCOLOR, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE _COLOR, 0 1},

{ 1, 4 * sizeof(float),
D3DDECLTYPE_FLQAT2, D3DDECLMETHOD DEFAULT,
D3DDECLUSACGE_TEXCOORD, 0 1},

D3DD3CL_END( )

|
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Direct3D 8
DWORD decl aration[] = {
D3DVSD_STREAM 0) ,
D3DVSD_REG( D3DVSDE_POSI TI ON, D3DVSDT_FLOAT3) ,
D3DVSD_REG( D3DVSDE_DI FFUSE, D3DVSDT_D3DCOLOR) ,
D3DVSD_STREAM 1) ,
D3DVSD_SKI P(4),
D3DVSD_REG( D3DVSDE_TEXCOORDO, D3DVSDT_FLOAT2) ,

D3DVSD_ENDY )
}s
D3DDECLUSAGE_POSI TI ON D3DVSDE_POSI TI ON
POSI TI ON
D3DDECLUSAGE_DI FFUSE D3DVSDE_DI FFUSE ~ COLORO

D3 DDECLUSAGE_TEXCOCRDO
D3DVSDE_ TEXCOCRDO TEXCOORDO

cgD3D9Resour ceToDecl Usage()
cgD3D8Resour ceTol nput Regi ster ()

const D3DVERTEXELEMENT9 decl aration[] = {
{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLQOAT3, D3DDECLMETHOD DEFAULT,
cgD3DOResour ceToDecl Usage( CG _PCSI TION), O },
{ 0, 3 * sizeof(float),
D3DDECLTYPE_D3DCOLOR, D3DDECLMETHOD _DEFAULT,
cgD3DOResour ceToDecl Usage( CG_COLOR0), O },
{ 1, 4 * sizeof(float),
D3DDECLTYPE_FLQAT2, D3DDECLMETHOD DEFAULT,
cgD3D9Resour ceToDecl Usage( CG_TEXCOORDO), O },
D3DD3CL_END( )
IE

DWORD decl aration[] = {

D3DVSD_STREAM 0) ,

D3DVSD_REQ cgD3D8Resour ceTol nput Regi st er (CG_PGCsSI Tl ON)
D3DVSDT_FLQAT3) ,

D3DVSD_REG cgD3D8Resour ceTol nput Regi st er (CG_COLORO0) ,
D3DVSDT_D3DCOLCR) ,

D3DVSD_STREAM 1) ,

D3DVSD_SKI P(4),

D3DVSD_REGE cgD3D8Resour ceTol nput Regi st er ( CG_TEXCOORDO) ,
D3DVSDT_FLQAT2) ,

D3DVSD_END( )
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cgD3D9Resour ceToDecl Usage()

cgD3D8Resour ceTol nput Regi ster () CGresour ce Direct3D

BYTE cgD3D9Resour ceToDecl Usage( CGr esource resource);
DWORD cgD3D8Resour ceTol nput Regi st er (CGr esour ce resource);

cgD3D9Resour ceToDecl Usage() CCD3D9_| NVALI D_REG
cgD3D8Resour ceTol nput Regi st er () CCD3D8_| NVALI D_REG

cgD3D9Resour ceToDecl Usage()

cgD3D8Resour ceTol nput Regi st er ()
CCpar aneter position =

cgGet NanmedPar anet er (program "position");

CGpar aneter color =

cgGet NanedPar anet er (program "color");

CGpar anet er texCoord =

cgGet NanmedPar anet er (program "texCoord");

const D3DVERTEXELEMENT9 decl aration[] = {

s

{ 0, 0 * sizeof(float),

D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
cgD3DOResour ceToDecl Usage(

cgGet Par anet er Resour ce( posi tion)),
cgGCet Par anet er Resour cel ndex(position) },

{ 0, 3 * sizeof(float),

D3DDECLTYPE_D3DCOLOR, D3DDECLMETHOD DEFAULT,
cgD3D9Resour ceToDecl Usage( cgGet Par anet er Resour ce(col or)),
cgGet Par anet er Resour cel ndex(col or) 1},

{ 1, 4 * sizeof(float),

D3DDECLTYPE _FLQAT2, D3DDECLMETHOD DEFAULT,
cgD3DOResour ceToDecl Usage(
cgGet Par anet er Resour ce(t exCoord)),
cgGCet Par anet er Resour cel ndex(t exCoord) },
D3DD3CL_END()

DWORD decl aration[] = {

D3DVSD_STREAM 0) ,
D3DVSD_REG( cgD3D8Resour ceTol nput Regi st er (

cgGet Par anet er Resour ce(posi tion)), D3DVSDT_FLOAT3),
D3DVSD_REG( cgD3D8Resour ceTol nput Regi st er (

cgGet Par anet er Resour ce(col or)), D3DVSDT_D3DCOLCR),
D3DVSD_STREAM 1) ,
D3DVSD_SKI P(4),
D3DVSD_REG( cgD3D8Resour ceTol nput Regi st er (

cgGet Par anet er Resour ce(t exCoord)), D3DVSDT_FLOAT2),
D3DVSD_END( )
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Direct3D 8 D3DVSD REQX ) 2
D3DVSD_REQ )
4 0 x vy z
1w
a2 ype

cgDBD9ITypeToS ze()
DWORD cgD3D9TypeToSi ze(C& ype type);

type

sanpl er 0

Cg

Direct3D
Cg
64
Direct3D 9 67 Direct3D 8
Cg Ver t exPr ogram cg

voi d Vert exProgran
in float4 position : POSITION,
in float4 color ;. COLORO,
in float4 texCoord : TEXCOORDO,
out float4 positionO : PGCSITION,
out float4 colorO : COLORO,
out float4 texCoordO : TEXCOORDO,
const uni form fl oat 4x4 Mdel Vi ewMat ri x)

{
posi ti onO = mul (posi tion, Mdel Vi ewMatri x);
col orO = col or;
t exCoor dO = t exCoor d;

}
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Cg Fragnent Program cg
voi d Fragnent Progr an(
in float4 col or : COLORO,
in float4 texCoord : TEXCOORDO,
out float4 colorO : COLORO,

const uni form sanpl er 2D BaseText ur e,
const uni form fl oat4 SoneCol or)

{

colorO = col or * tex2D(BaseTexture, texCoord) + SoneCol or;

}

Direct3D 9

C Direct3D
9
#i ncl ude <cg/ cg. h>
#i ncl ude <cg/ cgD3D9. h>

| Di rect 3DDevi ce9* device; [// Initialized sonewhere el se
| Di rect 3DText ure9* texture; // Initialized sonewhere el se
D3DXMATRI X matri x; /! Initialized sonewhere el se
D3DXCOLOR const ant Col or; /] Initialized sonewhere el se
CCcont ext cont ext ;

CCpr ogr am ver t exProgram fragment Program

| Di rect 3DVert exDecl ar ati on9* vert exDecl arati on;

| Di rect 3DVert exShader 9* vert exShader ;

I Di rect 3DPi xel Shader 9* pi xel Shader ;

CGpar anet er baseTexture, soneCol or, nobdel Vi ewMatri x;

/1 Called at application startup
voi d OnStartup()
{

/'l Create context

context = cgCreateContext();

}

/1 Called whenever the Direct3D device needs to be created
voi d OnCreat eDevi ce()
{
/| Create the vertex shader
vert exProgram = cgCreat ePr ogr anfronti | e(cont ext, CG SOURCE,
"VertexProgram cg", CG PROFILE VS 2 0, "VertexProgram', 0);
CConPt r <| D3DXBuf f er > byt eCode;
const char* progSrc = cgGet ProgranString(vertexProgram

64
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CG_COWPI LED_PROGRAM ;
D3DXAssenbl eShader (progSrc, strlen(progSrc), 0, 0, O,
&byt eCode, 0);
/1 |f your program uses explicit binding semantics (like
/1 this one), you can create a vertex declaration
/1 using those semantics.
const D3DVERTEXELEMENT9 decl aration[] = {
{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_POSI TION, 0 },
{ 0, 3 * sizeof(float),
D3DDECLTYPE_D3DCOLOR, D3DDECLMETHOD _DEFAULT,
D3DDECLUSACE_COLOR, O 1},
{ 0, 4 * sizeof(float),
D3DDECLTYPE_FLQAT2, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_TEXCOCORD, 0 1},
D3DD3CL_END( )
i
/1 Make sure the resulting declaration is conpatible with
/Il the shader. This is really just a sanity check.
assert (cgD3D9Val i dat eVert exDecl ar ati on(vert exProgram
decl aration));
devi ce- >Cr eat eVer t exDecl ar ati on(
decl arati on, &vertexDecl aration);
devi ce- >Cr eat eVer t exShader (
byt eCode- >Get Buf f er Poi nter (), &vertexShader);

/| Create the pixel shader.

f ragnent Program = cgCr eat ePr ogr anfr onFi | e( cont ext,
CG_SOURCE, " Fragnent Program cg",
CG PRCFI LE_PS 2 0, "FragnentProgran, 0);

CConPt r <| D3DXBuf f er > byt eCode;
const char* progSrc = cgGet Progranttring(fragnent Program
CG_COWPI LED_PROGRAM ;
D3DXAssenbl eShader (progSrc, strlen(progSrc), 0, 0, O,
&byt eCode, 0);
devi ce- >Cr eat ePi xel Shader ( byt eCode- >Get Buf f er Poi nter (),
&pi xel Shader)

[/l Grab sone paraneters.
nodel Vi ewat ri x = cgGet NanedPar anet er (vert exPr ogr am
"Model Vi ewvat ri x");
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baseText ure = cgCet NanedPar anet er (f r agnent Pr ogr am
"BaseTexture");
someCol or = cgGet NanedPar anet er (f r agment Pr ogr am
" SomeCol or") ;

/1 Sanity check that paraneters have the expected size
assert (cgD3D9TypeToSi ze( cgGet Par anet er Type(
nmodel Vi ewMatri x)) == 16);
assert (cgD3D9TypeToSi ze( cgGet Par anmet er Type( someCol or) )
== 4),

// Called to render the scene
voi d OnRender ()

{

}

/1l CGet the Direct3D resource |ocations for paraneters
/1 This can be done earlier and saved
DWORD nodel Vi ewivat ri xRegi ster =
cgGet Par anet er Resour cel ndex( nodel Vi emMat ri x) ;

DWORD baseTextureUnit =

cgCet Par anet er Resour cel ndex( baseText ure);
DWORD soneCol or Regi ster =

cgGet Par anet er Resour cel ndex( soneCol or) ;

/Il Set the Direct3D state.
devi ce- >Set Vert exShader Const ant F( nmodel Vi ewivat ri xRegi st er,
&matrix, 4);
devi ce- >Set Pi xel Shader Const ant F( someCol or Regi st er,
&const ant Col or, 1);
devi ce- >Set Vert exDecl arati on(vert exDecl arati on);
devi ce- >Set Text ur e( baseTextureUni t, texture);
devi ce- >Set Vert exShader (ver t exShader) ;
devi ce- >Set Pi xel Shader ( pi xel Shader) ;

/! Draw scene.
[/

/1 Called before the device changes or is destroyed
voi d OnDestroyDevice() {

}

ver t exShader - >Rel ease();
pi xel Shader - >Rel ease() ;
vert exDecl ar ati on- >Rel ease() ;
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[/l Called before application shuts down

voi d OnShut down() {
/1l This frees any core runtime resources.
/1 The m nimal interface has no dynam c storage to free.
cgDest r oyCont ext (cont ext) ;

}
Direct3D 8

C Direct3D
8

#i ncl ude <cg/ cg. h>
#i ncl ude <cg/ cgD3D8. h>

| Di rect 3DDevi ce8* device; // Initialized sonmewhere el se
| Direct 3DText ure8* texture; // Initialized somewhere el se
D3DXMATRI X matri x; [/ Initialized somewhere el se
D3DXCOLOR const ant Col or; [/ Initialized somewhere el se
CCcont ext cont ext ;

CCGpr ogr am vert exProgram fragnent Program

DWORD vert exShader, pi xel Shader;

CGpar anet er baseTexture, sonmeCol or, nodel Vi ewMatri x;

[/l Called at application startup
voi d OnStartup()
{

/Il Create context

context = cgCreateContext();

}

/Il Called whenever the Direct3D device needs to be created
voi d OnCreat eDevi ce()
{
/| Create the vertex shader
vert exProgram = cgCr eat eProgranfronti | e(cont ext, CG_SOURCE,
"VertexProgramcg", CG PROFILE VS 1 1, "VertexProgram', O0);
CConPt r <| D3DXBuf f er > byt eCode;
const char* progSrc = cgGet Progranstring(vertexProgram
CG_COWPI LED_PROGRAM ;
/! Normally, you also grab the constants and prepend them
/1 to your vertex declaration. Not shown here for brevity.
D3DXAssenbl eShader (progSrc, strlen(progSrc), 0, 0, O,
&byt eCode, 0);
/1 |f your program uses explicit binding semantics (like
/1 this one), you can create a vertex declaration
/1 using those semantics.
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DWORD decl aration[] = {
D3DVSD_STREAM 0) ,
D3DVSD_REG D3DVSDE_PCSI TI ON, D3DVSDT_FLOAT3),
D3DVSD_REQ D3DVSDE_DI FFUSE, D3DVSDT_D3DCOLOR),
D3DVSD_REG( D3DVSDE_TEXCOORDO, D3DVSDT_FLOAT2),
D3DVSD_END( )
}
/1 Make sure the resulting declaration is conpatible with
/1 the shader. This is really just a sanity check.
assert (cgD3D8Val i dat eVert exDecl ar ati on(vert exProgram
decl aration));
/|l Create the shader handl e using the declaration.
devi ce- >Cr eat eVert exShader (decl ar ati on,
byt eCode- >Get Buf f er Poi nter (), &vertexShader, 0);

/| Create the pixel shader.

f ragnent Program = cgCr eat ePr ogr anfr onFi | e( cont ext,
CG_SOURCE, " Fragnent Program cg",
CG PRCFILE PS 1 1, "FragnentProgrant', 0);

CConPt r <| D3DXBuf f er > byt eCode;
const char* progSrc = cgGet Progranttring(fragnment Program
CG_COWPI LED_PROGRAM ;
D3DXAssenbl eShader (progSrc, strlen(progSrc), 0, 0, O,
&byt eCode, 0);
devi ce- >Cr eat ePi xel Shader ( byt eCode- >Get Buf f er Poi nter (),
&pi xel Shader) ;

/!l Grab sone paraneters.
nodel Vi ewMat ri x = cgGet NanedPar anet er (vert exPr ogr am
"Model Vi ewivat ri x");
baseText ure = cgCet NanedPar anet er (f r agment Pr ogr am
"BaseTexture");
sonmeCol or = cgGet NanedPar anet er (f ragnent Pr ogr am
"SoneCol or") ;

/1 Sanity check that parameters have the expected size
assert (cgD3D8TypeToSi ze( cgGet Par anmet er Type(
nmodel Vi ewMatri x)) == 16);
assert (cgD3D8TypeToSi ze( cgGet Par anet er Type( sonmeCol or) )
== 4);
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[/l Called to render the scene
voi d OnRender ()
{
/1l CGet the Direct3D resource |ocations for paraneters
/1 This can be done earlier and saved
DWORD nodel Vi ewiVat ri xRegi ster =
cgGet Par anet er Resour cel ndex( nodel Vi emMat ri x) ;
DWORD baseTextureUnit =
cgGCet Par anet er Resour cel ndex( baseText ure);
DWORD someCol or Regi ster =
cgGet Par anet er Resour cel ndex( soneCol or) ;

// Set the Direct3D state.
devi ce- >Set Ver t exShader Const ant ( nodel Vi ewivat ri xRegi st er,
&matrix, 4);
devi ce- >Set Pi xel Shader Const ant (someCol or Regi st er,
&const ant Col or, 1);
devi ce- >Set Text ur e( baseTextureUni t, texture);
devi ce- >Set Ver t exShader (vert exShader) ;
devi ce- >Set Pi xel Shader ( pi xel Shader) ;

// Draw scene.
/1

}

/1 Called before the device changes or is destroyed
voi d OnDestroyDevi ce() {

devi ce- >Del et eVert exShader (vert exShader) ;

devi ce- >Del et ePi xel Shader ( pi xel Shader) ;

}

/1 Called before application shuts down

voi d OnShut down() {
/1l This frees any core runtime resources.
/1 The m nimal interface has no dynam c storage to free.
cgDest r oyCont ext (cont ext) ;

}
Direct3D
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Direct3D

Direct3D
Direct3D

Cy Direct3D

HRESULT cgD3D9Set Devi ce(| Di rect 3DDevi ce9* devi ce);

Direct3D

I Di rect 3DDevi ce9* cgD3D9CGet Devi ce();

cgD3D9Set Devi ce() 0

cgD3D9Cet Devi ce()

Direct3D Direct3D
Direct3D 0
cgD3D9Set Devi ce()
Direct3D
0 cgD3D9Set Devi ce() Cg
CGpr ogr am CGpar anet er
2 cgD3D9Set Devi ce()
Direct3D
Direct3D
Direct3D
sampler
O D3DPOOL_DEFAULT
a sampler
cgD3D9Set Text ure()
0 cgD3D9Set Text ure()
Direct3D
Direct3D
sampler
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| Di rect 3DDevi ce9* device; // Initialized el sewhere
I Di rect 3DText ur e9* nyDef aul t Pool Text ur e;

CGpr ogr am pr ogr am

voi d OneTi neLoadScene()

{
/! Load the programw th cgD3D9LoadPr ogram and

/'l enabl e paraneter shadow ng

[* .0 %]
cgD3D9LoadPr ogr an{ program TRUE, 0, 0, 0);
[* .0 %

/1 Bind sanpl er paraneter

GCpar anet er paraneter;

par anet er = cgGCet Par anet er ByNanme( pr ogram " M/Sanpler");
cgD3DOSet Text ur e( par anmet er, mnyDef aul t Pool Text ure) ;

}

voi d OnLost Devi ce()
{

/1 First release all necessary resources
Pr epar eFor Reset () ;
/1l Next actually reset the D3D device

device->Reset ( /* ... *[ );
/!l Finally recreate all those resource
MReset () ;
}
voi d Prepar eFor Reset ()
{
[* ... %

/'l Rel ease expanded interface reference
cgD3D9Set Text ur e(mySanpl er, 0);
/'l Rel ease | ocal reference
/1 and any other references to the texture
my Def aul t Pool Text ur e- >Rel ease();
[* ... %

}

voi d OnReset ()
{
/'l Recreate nyDefaul t Pool Texture i n D3DPOOL_DEFAULT
[* ... %
/1 Since the texture was just recreated,
/1 it nmust be re-bound to the paraneter
CCpar anet er par anet er;
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par anet er = cgGet Par anet er ByNane( prog, "M/Sanpler");
cgD3DOSet Text ur e( mySanpl er, nyDef aul t Pool Text ure) ;

[* .0 %]
}
Direct3D
uniform uniform uniform 3
uniform sampler
uniform
cgD3D9Set Uni f or m() float3 float4x3
HRESULT cgD3D9Set Uni f or m( CGpar anet er par anet er,
const voi d* val ue);
par anet er 1
voi d*
float3
vect or Param f| oat 2x3 mat ri xPar am f1 oat 2x2[ 3]
arrayPar am cgD3D9Set Uni f or ()

D3DXVECTOR3 vectorDat a(1, 2, 3);
float matrixData[2][3] = {{1, 2, 3}, {4, 5 6}};
float arrayData[3][2][2] =
{{{1, 2}, {3, 4}}.{{5 6}.{7,8}}, {{9, 10}, {11, 12}}};
cgD3DRSet Uni f or m( vect or Param &vect or Dat a) ;
cgD3DOSet Uni f orm( matri xParam nmatri xDat a) ;
cgD3D9Set Uni f or m( arrayParam arrayDat a) ;

cgD3D9TypeToSi ze()

D3DVATRI X 4% 4

HRESULT cgD3D9Set Uni f or mvat ri x( CGpar anet er par anet er,
const D3DVATRI X* nmatri x);
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mat ri xParam

D3DXVATRI X mat ri X(
1, , 0,

1,
0,
0

1

, 1, 0,

, 0, 0,
0, 0

O OkRr P

IE
cgDb3D9Set Uni f or mVat ri x(matri xParam &matri x);

mat ri xPar am 1

uniform

cgD3D9Set Uni f or mArray()
HRESULT cgD3D9Set Uni f or mArr ay( CGpar anet er par anet er,
DWORD st art| ndex, DWORD nunmber O El enent s,
const voi d* array);

startl ndex nunber O El enent s
start |l ndex
st art | ndex+nunber O El enent s-1 nunber O El enent s
array
cgD3D9Set Uni f orm() cgD3D9TypeToSi ze()
voi d*

cgD3D9Set Uni for mvat ri x()

HRESULT cgD3D9Set Uni f or mvat ri xAr r ay( CGpar anet er par anet er,

DWORD st art| ndex, DWORD nunber O El enent s,
const D3DVATRI X* nmatrices);

start | ndex nunber Of El ement s
cgD3D9Set Uni f or mvat ri x()
par anet er matrices
matrices nunber O El ement s
sampler
sampler Direct3D

HRESULT cgD3D9Set Text ur e( CGpar anet er par anet er,
I Di rect 3DBaseText ure9* texture);

Direct3D 9 Cg sampler

HRESULT cgD3D9Set Sanpl er St at e( CGpar anet er par anet er,
D3DSAMPLERSTATETYPE type, DWORD val ue);
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type  DBDSAMPLERSTATETYPE

val ue type

cgD3D9Set Sanpl er St at e( par amet er, D3DSAMP_NAGFI LTER,
D3DTEXF_LI NEAR) ;

Direct3D 8 Cg

HRESULT cgD3D8Set Text ur eSt ageSt at e( CGpar anet er par anet er,
D3DTEXTURESTAGESTATETYPE type, DWORD val ue);

type
D3DTSS_ADDRESSU D3DTSS_ADDRESSV
D3DTSS_ADDRESSW D3DTSS_BORDERCOLCR
D3DTSS_MAGFI LTER D3DTSS_M NFI LTER
D3DTSS_M PFI LTER D3DTSS_M PMAPLCODBI AS

D3DTSS_MAXM PLEVEL D3DTSS_MAXANI SOTROPY

val ue type

cgD3D8Set Text ur eSt ageSt at e( par anet er, D3DTSS MAGHI LTER,
D3DTEXF_LI NEAR) ;

HRESULT cgD3D9Set Text ur eW apMode( CGpar anet er par anet er,
DWORD val ue) ;

value 0 D3DWRAP_U D3DVRAP_V D3DWRAP_W

cgD3D9Set Text ur eW apMode( par amet er, D3DWRAP_U | D3DWRAP_V);

HRESULT cgD3D9Enabl ePar anet er Shadow ng(
CGpr ogram program CGhool enable);

enable CG TRUE
CG_FALSE

CCGbhool cgD3D9I sPar anet er Shadowi ngEnabl ed( CGor ogam program ;
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progr am
CG_TRUE

Direct3D 9 cgD3D9LoadPr ogr am()
HRESULT cgD3D9LoadPr ogr am( CGpr ogr am pr ogr am
CG_BOCOL par anet er Shadowi ngEnabl ed,
DWORD assenbl eFl ags) ;

assenbl eFl ags  D3DXASM
D3DXAssenbl eShader () pr ogram

I D rect 3DDevi ce9: : O eat eVert exShader () Direct3D 9

I Di rect 3DDevi ce9: : Or eat ePi xel Shader ()
Direct3D 9

HRESULT hresul t

cgD3DOLoadPr ogr am( vert exProgram TRUE,
D3DXASM DEBUG) ;
HRESULT hresult = cgD3D9LoadPr ogran{fragnment Program TRUE, O0);

Direct3D 8 cgD3D8LoadPr ogr am()

HRESULT cgD3D8LoadPr ogr am( CGor ogr am pr ogr am
BOOL par anet er Shadowi ngEnabl ed, DWORD assenbl eFl ags,
DWORD vert exShader Usage, const DWORD* decl aration);

assenbl eFl ags  D3DXASM

D3DXAssenbl eShader () pr ogram
I Di rect 3DDevi ce8: : Creat eVert exShader () Direct3D
| Di rect 3DDevi ce8: : Creat ePi xel Shader ()
Direct3D
decl aration vert exShader Usage
par anet er Shadowi ngEnabl ed TRUE

cgD3DEnabl ePar anet er Shadowi ng()

HRESULT hresult = cgD3D8LoadProgram(vertexProgram TRUE,
D3DXASM DEBUG, D3DUSAGE SCOFTWAREVERTEXPROCESSI NG,
decl arati on);

HRESULT hresult = cgD3D8LoadProgran(fragnent Program TRUE,

0, 0, 0);
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Direct3D 8
cgCopyProgram)

CGpr ogam pr ograml, prograng;
progranil = cgCreat eProgranfronti |l e(context, CG SOURCE,
"VertexProgramcg", CG PROFILE VS 1 1, 0, 0);
const DWORD decl arationl =
cgD3D8Cet Vert exDecl ar at i on( progr amtl) ;
cgD3D8LoadPr ogr an{ progranil, TRUE, 0, 0, declarationl);
progran2 = cgCopyPr ogran( prograntl);
const DWORD decl aration2[] = {
/l... Custom declaration ...
i
if (cgD3D8Val i dat eVert exDecl arati on(progran®, declaration2))
cgD3D8LoadPr ogr an( progran2, TRUE, 0, 0, declaration2);

Direct3D 9  Direct3D 8

Direct3D
cgD3D9LoadPr ogr an() Direct3D

HRESULT cgD3D9Unl oadPr ogam( CGpr ogr am pr ogr am ;

cgD3D9UnI oadPr ogam() program

cgDest r oyPr ogr am() cgDest r oyCont ext ()
cgD3D9Unl oadPr ogant)
Direct3D

cgD3D9I1 sPr ogr anLoaded() program
CG_TRUE
CCGbhool cgD3D9I sProgranioaded( CGor ogr am progran ;

cgD3D9BI ndPr ogr am()
HRESULT cgD3D9Bi ndPr ogr am( CGor ogr am progran ;

I Di rect 3DDevi ce9: : Set Ver t exShader ()

I Di rect 3DDevi ce9: : Set Pi xel Shader () program
Direct3D
program
Direct3D sanpl er
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cgD3D9BI ndPr ogr an()
Direct3D

2
CCprofil e cgD3D9CGet Lat est VertexProfile();
CCprofil e cgD3D9Cet Lat est Pi xel Profile();

Cg

cgD3D9Get Opt i mal Opti ons()

char const* cgD3D9Get Opti nal Opti ons(CGorofile profile);

cgCr eat eProgran)
Direct3D
cgD3D9Get Opti mal Opti ons()

Cg
Direct3D
Cg
78
Direct3D 9 81
Direct3D 8
Cg Ver t exProgram cg
voi d Vert exProgran(
in float4 position : PGSITION,
in float4 col or : COLORO,
in float4 texCoord : TEXCOORDO,
out float4 positionO : PGCSITION,
out float4 colorO : COLORO,
out float4 texCoordO : TEXCOORDO,
const uni form fl oat 4x4 Model Vi emMat ri x)
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{
posi tionO = mul (position, Mdel Vi ewmMatri x);
col orO = col or;
t exCoor dO = t exCoord; }

Cg Fr agnent Program cg

voi d Fragnent Progr an(

in float4 col or : COLORO,
in float4 texCoord : TEXCOORDO,
out float4 colorO ;. COLORO,

const uni form sanpl er 2D BaseText ur e,
const uni formfl oat4 SoneCol or)

{
colorO = col or * tex2D(BaseTexture, texCoord) + SoneCol or;
}
Direct3D 9
C Direct3D
9

#i ncl ude <cg/ cg. h>
#i ncl ude <cg/ cgD3D9. h>

| Di rect 3DDevi ce9* devi ce; /] Initialized sonewhere el se
| Di rect 3DText ure9* texture; // Initialized sonewhere el se
D3DXCOLOR const ant Col or; // Initialized sonewhere el se

CCcont ext cont ext ;

| Di rect 3DVert exDecl arati on9* vertexDecl arati on;

CCpr ogr am ver t exProgram fragment Program

CGpar anet er baseTexture, sonmeCol or, nodel Vi ewMatri x;

/1 Called at application startup
voi d OnStartup()

/] Create context
cont ext = cgCreateContext();

}

// Called whenever the Direct3D device needs to be created
voi d OnCreat eDevi ce()

/1 Pass the Direct3D device to the expanded interface.
cgD3DOSet Devi ce(devi ce);
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/1 Determine the best profiles to use
CCorofile vertexProfile = cgD3D9Cet Lat est Vert exProfile();
CCprofile pixelProfile = cgD3D9Get Lat est Pi xel Profile();

/1 Grab the optimal options for each profile.
const char* vertexOptions[] = {

cgD3D9Get Opti nal Opti ons(vertexProfile), 0 };
const char* pixel Options[] = {

cgD3D9Get Opt i nal Opti ons(pi xel Profile), 0 };

/|l Create the vertex shader.
vert exProgram = cgCr eat eProgr anfronti | e(
context, CG _SOURCE, "VertexProgram cg",
vertexProfile, "VertexPrograni, vertexOptions);
/1 |If your program uses explicit binding semantics, you
/1 can create a vertex declaration using those semanti cs.
const D3DVERTEXELEMENT9 decl aration[] = {
{ 0, 0 * sizeof(float),
D3DDECLTYPE_FLQAT3, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE PCSI TION, 0 1},
{ 0, 3 * sizeof(float),
D3DDECLTYPE_D3DCOLOR, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE COLOR, 0 1},
{ 0, 4 * sizeof(float),
D3DDECLTYPE_FLQAT2, D3DDECLMETHOD DEFAULT,
D3DDECLUSAGE_TEXCOORD, 0 1},
D3DD3CL_ENIX )
iE

/! Ensure the resulting declaration is conpatible with the
/1 shader. This is really just a sanity check.
assert (cgD3D9Val i dat eVert exDecl ar ati on( vert exProgr am
decl aration));
devi ce- >Cr eat eVer t exDecl ar ati on(
decl arati on, &vertexDecl aration);
/1 Load the programw th the expanded interface.
/1 Paraneter shadowi ng is enabl ed (second paraneter = TRUE).
cgD3D9LoadPr ogr an{vert exProgram TRUE, O0);

/'l Create the pixel shader.
f ragnment Program = cgCr eat ePr ogr anfr onFi | e(
cont ext, CG _SOURCE, "FragnentProgram cg",
pi xel Profile, "FragmentPrograni, pixel Options);

/1 Load the programw th the expanded interface. Paraneter
/1 shadowi ng is enabl ed (second paraneter = TRUE). |gnore
/'l vertex shader specifc flags, such as decl arati on usage.
cgD3D9LoadPr ogr an{ f ragment Program TRUE, 0);
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[/l Grab sone paraneters.
nmodel Vi ewmMat ri x = cgCGet NanedPar anet er (vert exPr ogr am
"Model Vi ewivatri x");
baseText ure = cgCet NanedPar anet er (f r agnent Pr ogr am
"BaseTexture");
sonmeCol or = cgGet NanedPar anet er (f ragnent Pr ogr am
"SoneCol or") ;

/1 Sanity check that paraneters have the expected size
assert (cgD3D9TypeToSi ze( cgGet Par anet er Type(
nmodel Vi ewatri x)) == 16);
assert (cgD3D9TypeToSi ze( cgGet Par anet er Type( soneCol or) )

[/l Set paraneters that don't change. They can be set
/1 only once since paraneter shadow ng i s enabl ed
cgD3DOSet Text ur e( baseTexture, texture);

cgD3DRSet Uni f or m soneCol or, &const ant Col or) ;

}

// Called to render the scene

voi d OnRender ()

{
/! Load nodel -vi ew matri x.
D3DXMATRI X nodel Vi ewat ri x;
/1

/1 Set the paraneters that change every frane
/1 This nust be done before binding the prograns
cgD3DRSet Uni f or mvat ri x( nodel Vi ewMat ri x, &nrodel Vi ewMatri x) ;

/] Set the vertex declaration
devi ce- >Set Vert exDecl arati on(vert exDecl arati on);

/1 Bind the prograns. This downl oads any paraneter val ues
/1 that have been previously set.

cgD3DOBi ndPr ogr an{ vert exPr ogr am ;

cgD3D9Bi ndPr ogr an{ f r agnment Pr ogr an) ;

/! Draw scene.
/1

}

/1 Called before the device changes or is destroyed

voi d OnDestroyDevi ce()

{
/1 Calling this function tells the expanded interface to
// release its internal reference to the Direct3D device
// and free its Direct3D resources.
cgD3D9Set Devi ce(0) ;
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}

/1 Called before application shuts down
voi d OnShut down()

/1 This frees any core runtinme resource.
cgDest r oyCont ext (cont ext) ;

}
Direct3D 8

C Direct3D
8
#i ncl ude <cg/ cg. h>
#i ncl ude <cg/ cgD3D8. h>

| Di rect 3DDevi ce8* devi ce; [/ Initialized somewhere el se
| Direct 3DText ure8* texture; // Initialized somewhere el se
D3DXCOLOR const ant Col or; // Initialized sonmewhere el se

CCGcont ext cont ext;
CCpr ogr am vert exProgram fragment Program
CGpar anet er baseTexture, someCol or, nodel Vi ewMatri x;

[/l Called at application startup
void OnStartup()
{

/1 Create context

cont ext = cgCreateContext();

}

[/ Called whenever the Direct3D device needs to be created
voi d OnCreat eDevi ce()
{
/1 Pass the Direct3D device to the expanded interface.
cgD3D8Set Devi ce( devi ce) ;

/1 Determine the best profiles to use
CCprofile vertexProfile = cgD3D8Cet Lat est VertexProfile();
CCprofile pixelProfile = cgD3D8Get Lat estPi xel Profile();

/1 Grab the optimal options for each profile.
const char* vertexOptions[] = {
cgD3D8Get Opt i nal Opti ons(vertexProfile), 0 };
const char* pixel Options[] = {
cgD3D8Get Opt i mal Opti ons( pi xel Profile), 0 };
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/| Create the vertex shader.
vert exProgram = cgCr eat ePr ogr antr onfi | e(
context, CG SOURCE, "VertexProgramcg",
vertexProfile, "VertexProgran', vertexOptions);
/1 |If your program uses explicit binding semantics (like
/1 this one), you can create a vertex declaration
/'l using those semanti cs.
DWORD decl aration[] = {
D3DVSD_STREAM 0) ,
D3DVSD _REG( D3DVSDE_PCSI Tl ON, D3DVSDT_FLOAT3) ,
D3DVSD_REG( D3DVSDE_DI FFUSE, D3DVSDT_D3DCOLOR) ,
D3DVSD_REG( D3DVSDE_TEXCOORDO, D3DVSDT_FLOAT2),
D3DVSD_ENIX )

}

/1 Ensure the resulting declaration is conpatible with the
/1 shader. This is really just a sanity check.
assert (cgD3D8Val i dat eVer t exDecl ar ati on(vert exProgram

decl aration));

/1 Load the programw th the expanded interface.
/| Parameter shadowi ng is enabl ed (second paranmeter = TRUE).
cgD3D8LoadPr ogr an{vert exProgram TRUE, 0, 0, declaration);

/'l Create the pixel shader.
f ragnment Program = cgCr eat ePr ogr anfr onFi | e(
context, CG _SOURCE, "FragnentProgram cg",
pi xel Profil e, "FragmentProgrant, pixel Options);

/1 Load the programw th the expanded interface.

/1 Paraneter shadowi ng is enabl ed (second paraneter = TRUE).
/1 lIgnore vertex shader specifc flags, |ike declaration and
/| usage.

cgD3D8LoadPr ogr an( f ragment Program TRUE, 0, 0, 0);

/!l Grab sone paraneters.
nodel Vi ewMat ri x = cgGet NanedPar anet er (vert exPr ogr am
"Model Vi ewivat ri x");
baseText ure = cgCet NanedPar anet er (f r agment Pr ogr am
"BaseTexture");
sonmeCol or = cgGet NanedPar anet er (f ragnent Pr ogr am
"SonmeCol or") ;
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/1 Sanity check that paraneters have the expected size
assert (cgD3D8TypeToSi ze( cgGet Par anet er Type(
nmodel Vi ewMat ri x)) == 16);
assert (cgD3D8TypeToSi ze( cgCGet Par anet er Type( sormeCol or) )
== 4);

[/l Set paraneters that don't change. They can be set
/1 only once since paraneter shadowi ng is enabl ed
cgD3D8Set Text ur e( baseTexture, texture);
cgD3D8Set Uni f or m sonmeCol or, &const ant Col or) ;

}

// Called to render the scene

voi d OnRender ()

{
// Load nodel -view matri x.
D3DXMATRI X nodel Vi ewat ri x;
/1

/1 Set the paraneters that change every frane
/1 This must be done before binding the prograns
cgD3D8Set Uni f or mvat ri x( nodel Vi ewvatri x, &model Vi ewMatri x) ;

/1 Bind the prograns. This downl oads any paraneter val ues
/1 that have been previously set.

cgD3D8Bi ndPr ogr an( vert exPr ogr anj ;

cgD3D8Bi ndPr ogr an{ f r agnment Pr ogr an) ;

/! Draw scene.
[/

}

/1 Called before the device changes or is destroyed

voi d OnDest royDevi ce()

{
/[l Calling this function tells the expanded interface to
/Il release its internal reference to the Direct3D device
// and free its Direct3D resources.
cgD3D8Set Devi ce(0) ;
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voi d OnShut down()

/1 This frees any core runtime resource.
cgDest r oyCont ext (cont ext) ;

}
Direct3D
86 Direct3D
Direct3D 9 Direct3D 8 Cg
Direct3D 9 Direct3D 8 Cg DLL
Win32
Cut put DebugSt ri ng()
DLL
Q Direct3D Cg
a
a

cgD3D( TRACE): Creating vertex shader for program 3
cgD3D( TRACE): Discovering paraneters for vertex program 3

cgD3D( TRACE): Di scovered uni form paraneter ' Mdel Vi ewProj'
of type fl oat4x4

cgD3D( TRACE) : Fi ni shed di scovering paraneters for vertex
program 3

cgD3D( TRACE): Creating pixel shader for program 24
cgD3D( TRACE): Discovering paraneters for pixel program 24
cgD3D( TRACE): Di scovered sanpl er paraneter 'BaseTexture'

cgD3D( TRACE): Di scovered uniform paranmeter 'SonmeCol or' of
type float4

cgD3D( TRACE) : Fi ni shed di scovering paraneters for pixel
program 24

cgD3D( TRACE): Shadowi ng state for sanpler paraneter
BaseText ure

cgD3D( TRACE) : Shadowi ng sanpl er state D3DTSS_MAGHI LTER for
sanpl er paraneter 'BaseTexture'

cgD3D( TRACE) : Shadowi ng sanpl er state D3DTSS_M NFI LTER for
sanpl er paraneter 'BaseTexture'

cgD3D( TRACE) : Shadowi ng sanpl er state D3DTSS M PFILTER for
sanpl er paraneter 'BaseTexture'
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cgD3D( TRACE) : Shadowi ng 16 val ues for uniform paraneter
' Model Vi ewProj ' of type float4x4

cgD3D( TRACE): Activating vertex shader for program3
cgD3D( TRACE): Setting shadowed paraneters for program 3

cgD3D( TRACE): Setting registers for uniform paraneter
' Model Vi ewProj ' of type fl oat4x4

cgD3D( TRACE): Setting constant registers [0 - 3] for
paraneter ' Model ViewProj' of type float4x4

cgD3D( TRACE): Activating pixel shader for program 24
cgD3D( TRACE): Setting shadowed paraneters for program 24

cgD3D( TRACE): Setting texture for sanpler paraneter

' BaseTexture'

cgD3D( TRACE): Setting Sanpl er St at e[ 0] . DBDTSS_MAGFI LTER f or
sanpl er paraneter 'BaseTexture'

cgD3D( TRACE): Setting Sanpl erState[0].D3DTSS M NFILTER for
sanpl er paraneter 'BaseTexture'

cgD3D( TRACE): Setting Sanpl er State[0].D3DTSS M PFILTER f or
sanpl er paraneter 'BaseTexture'

cgD3D( TRACE): Del eting vertex shader for program 3
cgD3D( TRACE): Del eting pi xel shader for program 24

DLL
1. cgD3D9. 1ib cgD3D8.1ib
cgbD3DAd. li b cgb3D8d. lib
2. cgD3Dad. dlI | cgD3D8d. di |

3. cgD3D9Enabl eDebugTr aci ng()

voi d cgD3D9Enabl eDebugTr aci ng( CGhool enabl e);

cgD3D9Enabl eDebugTr aci ng( CG_TRUE) ;
...

[l Application code that is traced
...

cgD3D9Enabl eDebugTr aci ng( CG_FALSE) ;

cgD3D9DebugTr ace
cgSet Error Cal | back()

87
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Direct3D

Cg

Direct3D

Direct3D
Direct3D HRESULT

Cg CGerror

2 Direct3D Cg

aQ CCerror

%

%

cgD3D9Fai | ed: Direct3D Direct3D

cgD3D9DebugTr ace: DLL

Direct3D

O HRESULT

%

%

CCD3DOERR_| NVALI DPARAM
CGD3DOERR _| NVALI DPRCFI LE:

CGD3DOERR _| NVALI DSAMPLERSTATE: sanpl er
D3DTEXTURESTAGESTATETYPE sanpl er

CGD3DOERR _| NVALI DVEREXDECL :

CGD3D9ERR_NODEVI CE: Direct3D 0
Direct3D
cgD3DOSet Devi ce()

CGD3D9ERR_NOTMATRI X:

CCD3D9ERR_NOTLOADED: cgD3D9LoadPr ogr am()
CCD3D9ERR_NOTSAMPLER:  sanpl er

sanpl er

CGD3DI9ERR_NOTUNI FORM  uniform uniform

CGD3D9ERR _NULLVALUE: 0 0

86
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% CGD3DOERR_OUTOFRANGE:

% CGD3D9_I| NVALI D_REG

HRESULT Direct3D
Win32 FAI LED()
SUCCEEDED )
0 D3D K
Direct3D
cgCet LastError () cgD3D9Cet Last Error ()
FAI LED() TRUE HRESULT
Direct3D

HRESULT cgD3D9CGet Last Error();

cgD3D9Tr ansl at eHRESULT( ) HRESULT

const char* cgD3D9Tr ansl at eHRESULT( HRESULT hr) ;

Cg Direct3D
DXGet Err or Descri pti on9()

Direct3D

void MyErrorCal | back() {
CCerror error = cgGetError();
if (error == cgD3D9DebugTrace) {
/1 This is a debug trace output.
/1 A breakpoint could be set here to step from one
/'l debug output to the other.
return;

}
char buffer[1024];
if (error == cgD3D9Fai | ed)
sprintf(buffer, "A Direct3D error occurred: %'\n",
cgD3D9Tr ansl at eHRESULT( cgD3D9Get Last Error()));
el se
sprintf(buffer, "A Cg error occurred: '9%'\n",
cgD3D9Tr ansl at eCGerror(error));
Qut put DebugStri ng(buffer);

}
cgSet Error Cal | back( MyEr r or Cal | back) ;
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Cg
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FileView
Source Files Header Files
Cg Programs
Cg Program si npl e. cg 1
Cg sinmpl e. cg
sinmpl e. cg [Crl]
[F7]
C C++
simple.cg
Cg_Sinpl e si npl e. cg
sinpl e. cg
4

4  simple.cg
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sinmpl e. cg
[/ Define inputs from application.
struct appin
{
fl oat4 Position : POSITI ON;
fl oat4 Nor mal : NORMAL;
IE

[/ Define outputs from vertex shader.
struct vertout

{

float4 HPosition : POSITI ON;

fl oat4 Col or ;. COLOR;

i

vertout mai n(appin IN,
uni form fl oat 4x4 Mbodel Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ewl T,
uni form fl oat4 Li ght Vec)

vertout QOUT;

/1 Transform vertex position into honmogenous clip-space.
QUT. HPosi tion = mul (Mbdel Vi ewProj, IN. Position);

/1 Transform normal from nodel -space to vi ew space.
fl oat3 normal Vec = nornalize(nul (Mbdel View T,
I N. Normal ). xyz);

[/l Store normalized |ight vector.
float3 |ightVec = nornmalize(LightVec.xyz);

/1 Calculate half angle vector.
float3 eyeVec = float3(0.0, 0.0, 1.0);
float3 halfVec = normalize(lightVec + eyeVec);

/1 Cal cul ate diffuse conponent.
float diffuse = dot(nornal Vec, |ightVec);

/1 Cal cul ate specul ar conponent .
fl oat specul ar = dot (normal Vec, hal fVec);

/1l Use the it function to conpute lighting vector from
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/1 diffuse and specul ar val ues.
float4 lighting = lit(diffuse, specular, 32);

/1 Blue diffuse materi al
float3 diffuseMaterial = float3(0.0, 0.0, 1.0);

/1 \Wite specul ar materi al
float3 specul arvaterial = float3(1.0, 1.0, 1.0);

/| Conbi ne diffuse and specul ar contri buti ons and

/1 output final vertex color.

QUT. Color.rgb = lighting.y * diffuseMaterial +
lighting.z * specul arMVateri al ;

QUT.Color.a = 1.0;

return OUT;
}
varying
varying

appi n
/1 define inputs from application
struct appin
{

fl oat4 Position : PCSI Tl ON;

fl oat4 Nor mal : NORMAL;
b

Position Nor mal 2
POSI TI ON NORMAL POSI TI ON
NORMAL

sinpl e. cg 1 vertout
/1 define outputs from vertex shader
struct vertout
{

float4 HPosition : PGSl TI ON,

float4 Col or ;. COLOR;
b
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vert out Hposi tion Col or

PCSI TI ON
CALOR

mai n()

vertout main(appin IN,
uni form f | oat 4x4 Mddel Vi ewPr oj ,
uni form fl oat 4x4 Model View T,
uni form fl oat 4 Li ght Vec)

mai n()
appin ver t out 2
main() 3 uniform
2 1 3
si npl e. cg
Model Vi ewPr oj

2 Model Viewl T 3

Li ght Vec
vertout OUT;

QUT. HPosi tion = mul (Model Vi ewProj, |IN. Position);

I'N. Position
Model Vi ewPr oj
QUT. HPosi tion
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/1 transformnornmal from nodel -space to vi ew space
float3 normal Vec = nornalize(nul (Mbdel View T,
I N. Normal ). xyz);

nor mal Vec

/] store normalized |ight vector
float3 |ightVec = nornalize(LightVec. xyz);

[/l calculate half angle vector
float3 eyeVec = float3(0.0, 0.0, 1.0);
float3 hal fVec = normalize(lightVec + eyeVec);

I N. Nor nal

LightVec1
(lightVec+eyeVec)/ 2
hal f Vec hal f Vec
2
(0, 0, 1)
uniform
Cg
3 fl oat
eyeVec

1. Li ght Vec  uniform
1
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/1 cal cul ate diffuse conponent
float diffuse = dot(nornal Vec, |ightVec);

/| cal cul ate specul ar conponent
fl oat specul ar = dot (normal Vec, hal fVec);

/1l Use the it function to conpute lighting vector from
/1 diffuse and specul ar val ues

float4 lighting = lit(diffuse, specular, 32);
Cg dot ()
lit() Blinn
y
z
lighting.y lighting.z
/1 blue diffuse materi al
float3 diffuseMaterial = float3(0.0, 0.0, 1.0);
/1 white specular nmateri al
float3 specul arMaterial = float3(1.0, 1.0, 1.0);
/1 conbi ne diffuse and specul ar contri butions and
/1 output final vertex col or
QUT.Color.rgb = lighting.y * diffuseMaterial +
lighting.z * specul arMateri al ;
QUT.Color.a = 1.0
return OUT
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simple.cg

1.0

QUT. Col or
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struct inputs

{
float4 position : POSITI ON;
float4 weights . BLENDWEI GHT;
fl oat 4 nor nal : NORMAL;
float4 matri xl ndi ces : TESSFACTOR;
fl oat 4 nunBones : SPECULAR;

i ¢

struct outputs

fl oat4 hPosition : POSI Tl ON;
float4 col or ;. COLORO;

}

out puts mai n(inputs IN,
uni form fl oat 4x4 nodel Vi ewPr oj ,
uni form f | oat 3x4 boneMatrices[ 30],
uni form fl oat4 col or,
uni form fl oat4 |ight Pos)

{
out puts QOUT,;
float4 index = I N matri x| ndi ces;
float4 weight = I N weights;

float4 position;
fl oat 3 nornal ;

for (float i = 0; i <IN nunBones.x; i += 1) {
/1 transformthe offset by bone i
position = position + weight.x *

fl oat 4(mul (boneMatri ces[i ndex. x], | N position).xyz,

1.0);

/1 transform nornmal by bone i
normal = normal + weight.x *
mul ((fl oat 3x3) boneMatri ces[i ndex. x],
I N. normal . xyz) . xyz;

/1 shift over the index/weight variables; this nobves

/1 the index and weight for the current bone into
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/1 the .x conponent of the index and wei ght vari abl es

i ndex = index.yzwx;
wei ght = wei ght . yzwx;
}
normal = normalize(normal);

QUT. hPosi tion = mnul (nodel Vi ewProj, position);
QUT. col or = dot (normal, |ightPos.xyz) * col or;

return OUT,
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struct app2vert

{
float4 Position . PCsSI TI ON,;
}s

struct vert2frag

{
float4 HPosition : PGCSITION;
float4 TexCoordO : TEXCOORDO;
float4 TexCoordl : TEXCOORD1;
float4 Col or0 : COLORO;
float4 Col orl : COLORI1;

i

voi d cal cWave(out float disp, out float2 nornal,
fl oat danpening, float3 viewPosition,
fl oat waveTi ne, float height,
float frequency, float2 waveDirection)

float distancel = dot (viewPosition.xy, waveDi rection);
di stancel = frequency * distancel + waveTi ne;

di sp = height * sin(distancel) / danpeni ng;
nornmal = -cos(di stancel) * height * frequency *
(waveDirection.xy) / (.4*danpening);
}

vert2frag mai n(
app2vert | N,
uni form fl oat 4x4 Model Vi ewPr oj ,
uni form fl oat 4x4 Nodel Vi ew,
uni form fl oat 4x4 Model Vi ewl T,
uni form fl oat 4x4 Text ur eMat ,
uni formfloat Tine,
uni form fl oat 4 Wavel,
uniformfloat4 \WavelOrigin,
uni form fl oat 4 Wave2,
uni form fl oat 4 Wave2Ori gi n,
const uniformfloat4 WaveDat a[ 5] )

{
vert2frag OUT;
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float4 position = float4(IN. Position.x, O,
IN. Position.y,1);
float4 normal = float4(0,1,0,0);
fl oat danpening = 1 + dot(position.xyz, position.xyz)/1000;
float i, disp;
float2 norm

for (i =0; i <5; i =i +1)
{
float waveTine = Tine.x * WaveData[i]. z;
float frequency = WaveData[i]. z;
float height = WaveDatal[i].w
float2 waveDir = WaveData[i].Xxy;

cal cWwave(di sp, norm danpening, |IN. Position.xyz,
waveTi me, height, frequency, waveDir);

position.y = position.y + disp;

normal . xz = normal . xz + norm

}

QUT. HPosi ti on = nul ( Mbdel Vi ewProj, position);

/1 transfom normal into eye-space
normal = mul (Model Viewl T, nornal);
normal . xyz = normal i ze(normal . xyz);

/'l get a vector fromthe vertex to the eye
float3 eyeToVert = mul (Model Vi ew, position).xyz;
eyeToVert = nornalize(eyeToVert);

/1 calculate the reflected vector for cubemap | ook-up
float4 refl ected = nul (Texturelat,
refl ect (eyeToVert, normal.xyz).xyzz);

/1 output two reflection vectors for the two
/1 environment cubenmaps

QUT. TexCoordO = refl ected;

QUT. TexCoordl = refl ected;

/[l Calculate a fresnel term(note that fO = 0)
float fres = 1+dot(eyeToVert, normal . xyz);
fres = powm(fres, 5);

/1 set the two color coefficients (the magic constants
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/l are arbitrary), these two col or coefficients are used

/1 to calculate the contribution fromeach of the two

/'l environnent cubemaps (one bright, one dark)

QUT. Color0 = (fres*1.4 + min(reflected.y, 0)).xxxx +
float4(.2,.3,.3,0);

QUT. Col orl = (fres*1.26) . XXXX;

return OUT,

}

float4 main(in float3 col or0 : COLORO,
in float3 coloril . COLOR1,
in float3 refl ectVec :  TEXCOORDO,
in float3 reflectVecDark : TEXCOORDI1,
uni f or m sanpl er CUBE envi r onnment Maps| 2]
) ¢ COLOR

{

float3 refl ectCol or = texCUBE(environnment Maps[ 0],
refl ect Vec). rgb;

float3 reflectCol orDark = texCUBE(environnent Maps[ 1],
refl ect VecDarKk) . r gb;

float3 color = (reflectColor * color0) +
(reflectColorbDark * colorl);
return float4(color, 1.0);
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I/l define inputs from application
struct app2vert
{
float4 Position . POCSI TI ON
fl oat4 Nor mal : NORMAL;

808-00504-0000-003 105
NVIDIA



Cg

float4 Col or0
fl oat4 TexCoordO

i

struct vert2frag

{
fl oat4 HPosition
float3 OPosition
float3 EPosition
fl oat 3 Nor nal
fl oat 3 TexCoor dO
float4 Col or0

fl oat 3 Li ght Pos
fl oat 3 Vi ewer Pos

i

vert2frag mai n(app2v

COLORO;
TEXCOORDO

PCSI TI ON;
TEXCOORD2
TEXCOORD3
TEXCOORD1
TEXCOORDO
COLORO;

TEXCOORD4
TEXCOORD5

ert In,

uni form fl oat 4x4 Model Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ew,

uni form fl oat 4x4 Model Vi ew ,
uni form fl oat 4 Vi ewer Pos,

uni form fl oat4 Li ght Pos)

vert2frag Qut;

/'l Vertex positi
/1 In clip space
Qut . HPosi tion =

ons:

mul ( Model Vi ewPr

/1 In object space

Qut . OPosi tion =
/1 In eye space
Qut . EPosi tion =

I n. Position. xyz

mul ( Model Vi ew,

0j, In.Position);

I n. Position).xyz;

Qut . Normal = nornalize(ln. Normal.xyz);

/1 Copy the text

ure coordi nates

Qut . TexCoord0 = I n. TexCoordO. xyz;

// Cenerate a wh
Qut.Color0 = Lig

ite col or
ht Pos;

Qut . Li ght Pos = nul ( Model Vi ew ,

Qut . Vi ewer Pos =

return CQut;

mul ( Model Vi ew ,

Li ght Pos) . xyz;
float4(0,0,0,1)).xyz;
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struct vert2frag

{
float4 HPosition : POSITION;
float3 OPosition : TEXCOORDZ;
float3 EPosition : TEXCOORDS3;

fl oat 3 Nor mal ;. TEXCOORDI;
float 3 TexCoordO : TEXCOORDO;
float4 ColorO : COLORO;

fl oat 3 Li ght Pos . TEXCOORD4;
float3 Viewer Pos : TEXCOORDS5;

}

voi d cal cLighting(out float diffuse, out float specul ar,
float3 nornmal, float3 fragPos, float3 |ightPos,
fl oat3 eyePos, float specul ar Exp)
{
float3 light = lightPos - fragPos;
float len = length(light);
light = light / len;

float3 eye = nornalize(eyePos - fragPos);
float3 halfVec = normalize(eyePos + |ight);

float attenuation = 1. / (.3 * len);

float4 lighting = lit(dot(light, normal),
dot (hal f Vec, nornmal), specul ar Exp);

diffuse = lighting.y * attenuation;

specular = lighting.z * attenuation;

}

float4 mai n(vert2frag IN,
uni form float4 Light Pos,
uni f orm sanpl er 3D noi se_nap,
uni f orm sanpl er 2D nv_nap,
uni f orm sanpl er CUBE cube_map,
uni form float4 interpolate
) : COLOR

{

float diffuse, specul ar;
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float3 biVariate = float3(IN OPosition.x-IN OPosition.z,
IN. OPosition.y+l N.OPosition.z, 0);

float3 uni Variate = fl oat3(IN. OPosition.x+l N. OPosition.z,
0, 0);

float3 normal = nornalize(lN Normal);
fl oat3 noi seTex = float3((IN. OPosition.x+l N OPosition.z)*6,
IN. OPosition.y/2, 0);
fl oat3 noi seSum = tex3D(noi se_nmap, biVariate/3).rgbh/12 +
t ex3D( noi se_map, noi seTex).rgb/ 18 +
t ex3D( noi se_nmap, bi Vari ate*6).rgh/ 18;
nornmal = normalize(normal + noi seSun);

cal cLi ghting(diffuse, specular, normal, |N. OPosition,
I N. Li ght Pos, | N. Vi ewer Pos, 32);

float3 nvShift = tex3D(noi se_nmap, uni Variate/3).rgh / 2 +
tex3D(noi se_nmap, uniVariate).rgbh / 4 +
tex3D( noi se_map, biVariate*3).rgb / 16;
nvShift.x = nvShift.x*nvShift.x * interpolate.x * 3;
nvShift.y 0;

bi Variate = float3(I N. OPosition.x - IN OPosition.z,
IN. OPosition.y, 0);
float2 texCoord = biVariate.xy/4 + float2(1.1, .5) +
nvShift.yx + float2(0, interpolate.x/8);
fl oat3 nvDecal =
tex2D(nv_map, float2(1-texCoord.x, texCoord.y)).rgb *
(1-interpolate.x * .7).xxx;

float3 eye = I N ViewerPos - | N OPosition;
float3 |ight etal = texCUBE(cube_nap,
refl ect (normal, eye)).rgb;
float3 darkMetal = (diffuse * float3(.5,.25,0) +
specular * float3(.7,.4,0));

float3 final Color = lerp(lightMetal, darkMetal, nvDecal.x);
return float4(final Color, 1);
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/1 define inputs fromvertex buffer
struct appin

{
float4 Position : PGsSI TI ON,
float4 W :  TEXCOORDO;
fl oat4 Tangent : TEXCOORDL;
fl oat4 Bi nor nal ;. TEXCOORDZ2;
fl oat4 Nor mal : TEXCOORDS;
It
// output -- sane struct is the input to "cg_nultipaint.cg"
struct Ml ti Pai nt V2F {
float4 HPosition : POSITION, // position (clip space)
fl oat 4 TexCoords : TEXCOORDO; // base ST coordi nates
float3 OPosition : TEXCOORD1; // position (obj space)
fl oat3 Nor mal : TEXCOORD2; // normal (eye space)
float3 VPosition . TEXCOORD3; // view pos (obj space)
float3 T . TEXCOORD4; // tangent (obj space)
float3 B : TEXCOORD5; // binormal (obj space)
float3 N : TEXCOORD6; // normal (obj space)
fl oat4 LightVecO : TEXCOORD7; // light dir (obj space)
It

Mul ti Pai nt V2F nmai n(appin | N,
uni form fl oat 4x4 Mddel Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ewl T,
uni form fl oat 4x4 Model Vi ew ,
uni form fl oat 4 TexRepeat s,
uni formfloat4 LightVec) // (eye space)

Mul ti Pai nt V2F OUT;
QUT. HPosi tion = mul (Mbdel Vi ewProj, |IN. Position);

/1 pass through object-space position
QUT. OPosition = I N Position. xyz;

/1 transformnormal to eye space
QUT. Nor mal = normal i ze(rmul (Model Viewl T, | N Nornal).xyz);

QUT. TexCoords = IN. WV * TexRepeats;
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/1 pass through object-space nornal, tangent, binornmal.
QUT.N = normalize(lN. Normal.xyz);

QUT. T I N. Tangent . xyz;

QUT. B I N. Bi nor mal . xyz;

/1 transformview pos (origin) to obj space
QUT. VPosi tion = mul (Mbdel Viewl, float4(0,0,0,1)).xyz;

/1 transformlight vector to obj space
QUT. Li ght VecO = mul ( Mbdel Vi ewl, LightVec);

return OUT,;

#define WHI TE hal f 4(1. Oh, 1. Oh, 1. Oh, 1. Oh)

[l input -- same struct is output from"cg_multipaintVP.cg"
struct Ml ti Pai nt V2F {
float4 HPosition : POSITION, // position (clip space)
fl oat4 TexCoords : TEXCOORDO; // base ST coordi nates
float3 OPosition . TEXCOORD1; // position (obj space)
fl oat 3 Nor nmal : TEXCOORD2; // normal (eye space)
float3 VPosition : TEXCOORD3; // view pos (obj space)
float3 T : TEXCOORD4; // tangent (obj space)
float3 B . TEXCOORD5; // binormal (obj space)
float3 N . TEXCOORD6; // normal (obj space)
fl oat4 LightVecO : TEXCOORD7; // light dir (obj space)
H

/1 channels in our material map:
#defi ne SPEC STR x

#defi ne METALNESS y

#defi ne NORM_SPEC EXPON z

[/ subfields in "SpecData"
#defi ne M NPONER x

#defi ne MAXPOVNER y

#def i ne MAXSPEC z

[/ subfields in "Refl Data"
#defi ne FRESNEL_M N x
#defi ne FRESNEL_MNAX y
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#def i ne FRESNEL_EXPON z
#defi ne REFL_STRENGTH w

/] subfields in "BunpData"
#defi ne BUMP_SCALE x

hal f4 mai n(Mul ti Pai nt V2F I N,
uni f orm sanpl er 2D Col or Map, /1 col or
uni f orm sanpl er2D Materi al Map, // see above
uni f orm sanpl er 2D Nor mal Map, /| tangent-space normal s
uni f orm sanpl er CUBE EnvMap, /1 environment skybox
uni form fl oat 4 SpecDat a, /'l see above
uni form f | oat 4 Refl Dat a, /| see above
uni form fl oat 4 BunpDat a /'l see above
) : COLOR

hal f4 surfCol = tex2D(Col or Map, | N. TexCoords. xy);

hal f4 material = tex2D(Material Map, | N TexCoords. xy);

hal f3 Nt = tex2D( Nor nal Map, | N. TexCoords. xy).rgb -
hal f 3(0. 5h, 0. 5h, 0. 5h) ;

/| SpecDat a. MAXSPEC *shoul d* range fromO0 - 1.
hal f specStr = material.SPEC STR * SpecDat a. MAXSPEC;
hal f specPower = SpecData. M NPOAER +
mat eri al . NORM_SPEC _EXPON *
( SpecbDat a. MAXPONER - SpecDat a. M NPO/ER) ;

hal f3 Vn
hal f3 Ln
hal f3 Nob

-normal i ze(I N. VPosition - | N OPosition);

nor mal i ze( I N. Li ght VecO) . xyz;

nor mal i ze( BunpDat a. BUVP_SCALE *
(NE.X*IN.T + Nt.y*IN. B) +
(Nt.z*IN.N));

hal f diff = dot(-Ln, Nb);
hal f3 Hh = -nornmalize(Vn + Ln);
hal f4 lighting = lit(diff, dot(Hn, Nb), specPower);

hal f4 diffResult = lighting.y * surfCol;
hal f4 specCol = lerp(WH TE, surfCol, material.METALNESS);
hal f4 specResult = lighting.z * specStr * specCol;

hal f3 refl Vect = reflect(Vn, Nb);

hal f4 refl Col or = t exCUBE(EnvMap, refl Vect);

hal f fakeFresnel = ReflData. FRESNEL_M N +
Ref | Dat a. FRESNEL _MAX *
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pow sat urate(l.0h-dot(-Vn,IN. N)),
Ref | Dat a. FRESNEL_EXPQN) ;
hal f 4 pai nt Shi ne = fakeFresnel * refl Col or;
hal f4 nmetal Shine = surfCol * refl Col or;
hal f4 shi neCol = Refl Data. REFL_STRENGTH *
| er p( pai nt Shi ne, netal Shi ne,
mat eri al . METALNESS) ;

hal f4 final Col or = specResult + diffResult + shineCol;
final Col or.w = 1. 0h;

return final Col or;
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struct appin

{
float4 Position : POSITION;
fl oat4 Nor mal : NORMAL;
|5
[/l output -- sane struct is the input to fragnent shader

struct EyeV2F {

float4 HPosition : PCSITION;, // clip space pos
float3 OPosition : TEXCOORDO; // Obj-coords |ocation
float3 VPosition : TEXCOORDL; // eye pos (obj space)
float3 N : TEXCOORD2; // normal (obj space)
float4 LightVecO : TEXCOORD3; // light dir (obj sp)

H

EyeV2F mai n(appin IN,
uni form fl oat 4x4 Model Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ew ,
uni form float4 LightVec) // in EYE coords

EyeV2F OUT;

/1 calculate clip space position for rasterizer use
QUT. HPosi ti on = nul (Mbdel Vi ewProj, I N. Position);

/] pass through object space position
QUT. OPosition = I N. Position. xyz;

/| object-space nornal
QUT. N = nornalize(l N Nornal.xyz);

/1 transformview pos and |ight vec to obj space
QUT. VPosi tion = nul (Model View, float4(0,0,0,1)).xyz;
QUT. Li ght VecO = normal i ze(mul (Model Vi ewd, Li ghtVec));

return OUT;
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/1 Assume ray direction is nornalized.
/1l Vector "planeEq" is encoded hal f3(A B, C D) where
/'l (Ax+By+Cz+D) =0 and hal f 3( A, B, C) has been normali zed.
/'l Returns distance along to to intersection; distance is
/'l negative if no intersection.
hal f intersect_plane(hal f3 rayOrigin,half3 rayDir,
hal f 4 pl aneEq) {

hal f 3 pl aneN = pl aneEq. xyz;

hal f denom nator = dot(planeN, raybDir);

half result = -1.0h;

/l d==0 -> parallel || d>0 -> faces away

if (denom nator < 0.0h) {
hal f top = dot(planeN, rayOrigin) + planeEq. w
result = -top/denom nator;

}

return result;

}

[/ subfields in "BallData"
#def i ne RADI US x

#define | RIS DEPTH y
#define ETA z

#define LENS DENSI TY w

/1 subfields in "SpecData"
#def i ne PHONG x

#define GLOSS1 y

#define GLOSS2 z

#def i ne DROP w

struct EyeV2F {
float4 HPosition : PGCSITION;
float3 OPosition : TEXCOORDO;
float3 VPosition : TEXCOORD1;
float3 N . TEXCOORD2;
float4 LightVecO : TEXCOORDS3;

}i

hal f4 mai n( EyeV2F | N,
uni form sanpl er2D  Col or Map, // col or
/1 conponents: {radius,irisDepth,eta,l|ensDensity)
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uni form fl oat 4 Bal | Dat a,

/'l conmponents: {phongExp, gl oss1, gl oss2, drop)
uni form fl oat4 d ossDat a,

uni form fl oat 3 Anbi Col or,

uni form float3 DiffCol or,

uni form fl oat 3 SpecCol or,

uni form fl oat 3 LensCol or,

uni form fl oat 3 BgCol or) : COLOR

const hal f3 baseTex = hal f3(1. 0h, 1. 0h, 1. 0h);
const hal f GRADE = 0. 05h;

const hal f3 yAxis hal f 3(0. Oh, 1. Oh, 0. 0h);
const hal f3 xAxi s hal f 3(1. Oh, 0. Oh, 0. 0h) ;
const hal f3 ball Cr = hal f3(0.0h, 0. 0h, 0. 0h);

/1 (actually constants - could be done in VP or on CPU)
hal f irisSize = Ball Dat a. RADI US *

sqrt(1l.0h-Ball Data. | RIS DEPTH * Bal | Data. | Rl S_DEPTH) ;
hal f irisScale = 0.3333h / max(0.01h, irisSize);
half irisDi st = Ball Data. RADIUS * Bal | Data. | Rl S_DEPTH;
hal f 3 pupil Center = ballCr + half3(irisDist,0.0h,0.0h);
/[l if x axis, returns sinple -irisDi st
hal f D = -dot (pupil Center, xAXxis);
half slice = IN. OPosition.x - irisDist;
hal f4 pl aneEquati on = hal f4(xAxis, D);

/1 view vector TO surface

hal f3 Vn nornmal i ze(I N. OPosition - IN VPosition);

hal f3 Nf nornal i ze(I N. N);

hal f3 Ln = I N. Li ght VecO xyz;

hal f 3 Di ffLi ght DiffCol or * saturate(dot(Nf, -Ln));
hal f3 m ssCol or Anbi Col or + baseTex * DiffLight;

hal f3 Di ff Pupi | Anbi Col or + saturate(dot (xAxis, -Ln));

hal f3 hal fAng = normalize(-Ln - Vn);

hal f ndh = abs(dot (Nf, hal f Ang));

hal f specl = pow ndh, G ossData. PHONG);

hal f s2 = snoot hst ep(d ossDat a. &.0SS1, d ossDat a. GLCSS2,
specl);

specl = | erp(d ossDat a. DROP, specl, s2);

hal f 3 Specul arLi ght = SpecCol or * speci;

hal f3 hitColor = m ssCol or;

if (slice >= 0.0h) {
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hal f gradedEta = Bal | Dat a. ETA;
gradedEta = 1.0h/ gradedEt a;
hal f3 faceCol or = BgCol or;

hal f3 refVector = refract(Vn, N, gradedEta);
if (dot(refVector, refVector) > 0) {
/Il nowlet's intersect with the iris plane
half irisT = intersect_plane(lN. OPosition, refVector,
pl aneEquati on) ;
hal f fadeT = irisT * Ball Dat a. LENS DENSI TY;
fadeT = fadeT * fadeT;
faceCol or = Diff Pupil.xxx;
if (irisT > 0) {
hal f3 irisPoint = IN.OPosition + irisT*refVector;
hal f3 irisST = (irisScale*irisPoint) +
hal f3(0. 0h, 0.5h, 0.5h);
faceCol or = tex2D( Col or Map, irisST.yz).rgb;

}
faceCol or = |l erp(faceColor, LensColor, fadeT);
hitCol or = | erp(m ssCol or, faceCol or,

snoot hst ep(0. Oh, GRADE, slice));

}
}

hitCol or = hitCol or + Specul arLi ght;
return hal f4(hitCol or, 1.0h);

}
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Blinn-Phong

struct fragin

fl oat2 texcoords . TEXCOORDO;
fl oat 4 shadowcoor ds . TEXCOORDL1;
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float4 tangent ToEyeVat0 : TEXCOORD4;
fl oat3 tangent ToEyeVat1l : TEXCOORD5;
fl oat 3 tangent ToEyeVat2 : TEXCOORDG;
fl oat3 eyeSpacePosition : TEXCOORD?;

—h

oat 3 hgphase( float3 vl, float3 v2, float3 g )

fl oat cost het a;
float3 g2;
fl oat 3 gtenp;

costheta = dot( -vi1, v2 );

92 = g*g;

gt enp 1. 0. xxx + g2 - 2.0*g*cost het a;
gt enp pow gtenp, 1.5.xxx );

gtenp (1.0.xxx - g2) / gtenp;
return gtenp;

}

/1l Conputes the single-scattering approxi mation to
/] scattering froma one-di nmensi onal volunetric surface.
float3 singleScatter( float3 wi, float3 wo, float3 n,
float3 g, float3 al bedo,
fl oat thickness )

float win = abs(dot(wi ,n));
fl oat won = abs(dot(wo, n));
float eterm

float3 result;

eterm= 1.0 - exp( (-((1./wi n)+(1./won))*thickness) );
result = eterm* (albedo * hgphase( wo, wi, g ) /
(win + won));

return result;

}

/1 i is the incident ray

// nis the surface nornal

// etais the ratio of indices of refraction
/[l r is the reflected ray

// t is the transmtted ray

float fresnel( float3 i, float3 n, float eta,
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out float3 r, out float3 t )

float result;
float ci;
fl oat cs2;
float tflag;

/'l Refraction vector courtesy Paul Heckbert.
cl = dot(-i,n);

cs2 = 1. 0-eta*eta*(1.0-cl*cl);

tflag = (float) (cs2 >= 0.0);

t =tflag * (((eta*cl-sqrt(cs2))*n) + eta*i);
/[l t is already unit length or (0,0, 0)

/1 Conmpute Fresnel terns

/1 (From d obal Il um nati on Conpendeum )
float ndott;

float cosr_div_cosi;

float cosi_div_cosr;

float fs;

float fp;

float kr;

ndott = dot(-n,t);

cosr_div_cosi = ndott / c1;

cosi _div_cosr = cl / ndott;

fs = (cosr_div_cosi - eta) / (cosr_div_cosi + eta);
fs =fs * fs;

fp = (cosi_div_cosr - eta) / (cosi_div_cosr + eta);
fp=1»fp * fp;

kr = 0.5 * (fs+fp);
result = tflag*kr + (1.-tflag);
r =reflect( i, n);

return result;

f

oat4 main( fragin In,

uni f orm sanpl er 2D t exO0,

uni f orm sanpl er 2D t ex1,

uni f orm sanpl er 2D t ex2,

uni f orm sanpl er 2D t ex3,

uni form fl oat 3 eyeSpaceli ght Posi ti on,
uni form fl oat thickness,

uni form fl oat4 anbient ) : COLOR
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float bscale = In.tangent ToEyeMat 0. w,
float eta = (1.0/1.4);

/1 ratio of indices of refraction (air/skin)
float m= 34.; /'l specul ar exponent

float4 lightColor = { 1, 1, 1, 1 }; // light color
float4 sheenColor = { 1, 1, 1, 1 }; // sheen color
float4 skinColor = tex2D( texl, In.texcoords );
float3 g ={ 0.8, 0.3, 0.0};

fl oat 3 al bedo ={ 0.8, 0.5 0.4};

// oiliness mask
float4 oiliness = 0.9 * tex2D( tex2, In.texcoords);

/1 Cet eye-space eye vector.
float3 v = normalize( -1n.eyeSpacePosition );

/Il CGet eye-space light and hal fangl e vectors.
float3 | = normalize( eyeSpacelLi ghtPosition -

I n. eyeSpacePosition );
float3 h = normalize( v + 1 );

/'l CGet tangent-space nornmal vector from nornmal map.

fl oat 3 tangent SpaceNormal = tex2D(tex0, |n.texcoords).rgb;
fl oat3 bunmpscale = { bscale, bscale, 1.0 };

t angent SpaceNor nal = tangent SpaceNormal * bunpscal e;

[/l Transformit into eye-space.

float3 n;

n[ 0] = dot( In.tangent ToEyeMat 0. xyz, tangent SpaceNormal );
n[ 1] = dot( In.tangent ToEyeMat 1, tangent SpaceNormal );
n[2] = dot( In.tangent ToEyeMat 2, tangent SpaceNormal );

n = normalize( n);

/! Conpute the |ighting equation.
float ndotl = max( dot(n,l), O ); // clamp 0 to 1
float ndoth = max( dot(n,h), 0 ); // clamp 0 to 1
float flag = (float)(ndotl > 0);

/1 Conpute oil, sheen, subsurf scattering contributions.
float4 oail;

float4 sheen;

fl oat4 subsurf;
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float Kr, Kr2;
float Kt, Kt2;
float3 T, T2;
float3 R, R2;

/1 Conpute fresnel at sheen layer, ranp it up a bit.
fresnel( -v, n, eta, R T);

snmoot hstep( 0.0, 0.5, Kr );

1.0 - Kr;

Kr
Kt

/1l Conpute the refracted light ray and the refraction
/1 coefficient.

Kr2 = fresnel( -1, n, eta, R2, T2 );

Kr 2 smoot hstep( 0.0, 0.5, Kr2 );

Kt2 = 1.0 - Kr2;

/1 For oil contribution, nodulate the oiliness mask by a
/| specul ar term
oil = 0.5 * oiliness * powm{ ndoth, m);

/1 For sheen contribution, nodul ate Fresnel term by

/'l sheen col or tinmes specular. Modul ate by additional

/1 diffuse termto soften it a bit.

sheen = 2.5*Kr*sheenCol or*(ndot| *(0.2 + pow( ndoth, m));

/1 Conpute single scattering approximtion to subsurface
/] scattering. Here we conpute 3 scattering terns
/1 simultaneously and the results end up in the x,y,z
/1 conponents of a float3. Using 3 terns approxi nates
/1 distribution of nultiply-scattered light. For
[/l details see: Matt Pharr's SI GGRAPH 2001 Render Man
/1 course notes "Layered Media for Surface Shaders".
float3 temp = singleScatter( T2, T, n, g, albedo,

thi ckness );
subsurf = 2.5 * skinColor * ndotl * Kt * Kt2 *

(tenp. x+t enp. y+t enp. z) ;

// Add contributions fromoil, sheen, and subsurface

[l scattering and nmodul ate by |ight color and result

/1 of a shadow nmap | ookup.

return |ightCol or*tex2Dproj ( tex3, In.shadowcoords ).r *
(oil + sheen + subsurf);
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/A
1
/] define inputs from application
struct a2v
float4 Position : PGCSITION;
fl oat 3 Nor mal : NORMAL;
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}s

/1 define outputs from vertex shader
struct vaf

{
fl oat4 HPOS . PCSI TI ON;
float4 diffCol ;. COLORO;
fl oat4 specCol : COLOR1;

float2 filmDepth : TEXCOORDO;
I

v2f main(a2v IN,
uni form fl oat 4x4 Wor | dVi ewPr oj ,
uni form fl oat 4x4 Worl dVi ewl T,
uni form fl oat 4x4 Worl dVi ew,
uni form fl oat 4 Li ght Vect or,
uni form fl oat4 Fil nDept h,
uni form fl oat 4 EyeVector)

v2f QOUT;

//transformposition to clip space
QUT. HPCS = nul (Worl dVi ewProj, | N Position);

float4 tenpnorm= float4(IN Normal, 0.0);
/1 transform normal from nodel -space to view space
float3 normal Vec = nul (Worl dView T, tenpnorm.xyz;

nor mal Vec = nornal i ze( nor mal Vec) ;

/1 conpute the eye->vertex vector
fl oat3 eyeVec = EyeVector.xyz;

/1 compute the view depth for the thin film

float viewdepth = (1.0 / dot(nornal Vec, eyeVec)) *
Fi | nDept h. x;

QUT. fil mDepth = vi ewdept h. xx;

/1 store normalized |ight vector
float3 |ightVec = normalize((float3)LightVector);

/1 calculate half angle vector
fl oat 3 hal f Angl eVec = nornalize(lightVec + eyeVec);
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/1 calculate diffuse conponent
float diffuse = dot(normal Vec, |ightVec);

/1 cal cul ate specul ar conponent

fl oat specul ar = dot (normal Vec, hal f Angl eVec) ;

[/l use the lit instruction to calculate lighting,

/1 automatically clanp
float4 lighting = lit(diffuse, specular, 32);

/1 output final lighting results
QUT.di ffCol = (float4)lighting.y;
QUT. specCol = (float4)lighting. z;

return OUT;

struct v2f

{
float3 diffCol ;. COLORO;
fl oat 3 specCol : COLOR1;
float2 fil mDepth : TEXCOORDO;
s

voi d mai n( v2f IN,
out float4 color : COLOR
uni form sanpl er 2D fri ngeMap,
uni f orm sanpl er 2D di f f Map)

{
/1 diffuse material col or
float3 diffCol = float3(0.3, 0.3, 0.5);
/1 1 ookup fringe val ue based on vi ew depth
float3 fringeCol = (float3)tex2D(fringeMap, |IN. fil nDepth);
/1 modul ate specul ar lighting by fringe col or,
/1 combine with regular lighting
color.rgb = fringeCol *I N. specCol + IN.diffCol*diffCol;
color.a = 1.0;
}
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/1 This shader is based on the Tine Machi ne tenporal

/1 shader. Car paint data was neasured by Cornel l

9

rust

/1 University from sanpl es provided by Ford Mt or Conpany.

struct a2v {

}s

float4
float3
float2
float3
float3
float3

OPosi tion :

ONor mal
uv
Tangent
Bi nor mal
Nor mal

struct VS _OUTPUT {

}s

float4
float2
float3
float4
float3
float4
float3
float3
float3
fl oat

HPosition :

uv
li ght

hal fangl e :
refl ection:

Vi ew
t angent
bi nor mal
nor mal
fresn

PCSI Tl ON;
NORVAL;
TEXCOORDO;
TEXCOORD1,;
TEXCOORD2;
TEXCOORD3;

PGCsSI TI ON,;
TEXCOORDO;
TEXCOORD];
TEXCOORDZ;
TEXCOORD3;
TEXCOORD4;
TEXCOORD5;
TEXCOORDG;
TEXCOORDY;
COLORO;

VS _QUTPUT mai n( a2v vert,
/| TRANSFORMATI ONS
uni form f | oat 4x4 Model Vi ew,

uni form fl oat 4x4 Mbdel Vi ew T,
uni form fl oat 4x4 Mddel Vi ewPr oj ,

uni form fl oat 3
uni form fl oat 3

VS_OUTPUT O,

Li ght Vect or,
EyePosi tion )

/1 coord position in w ndow
/1 wavy/fl eckmap coords

/1 light pos (tangent space)
/1 Blinn hal fangl e

/'l Refl vector (per-vertex)
/1 view (tangent space)

/1 viewtangent matrix

I

I

Il Obj
Il Obj

space
space

/'l Cenerate honpbgeneous PCSI TI ON

O HPosi tion = nmul (Model Vi ewProj ,

// Generate BASIS matri x

fl oat 3x3 Model Tangent

vert. OPosition);

= { normalize(vert. Tangent),

nor mal i ze(vert. Bi nornal ),
normal i ze(vert. Normal ) };
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/| FRESNEL
fl oat4 Fresnel

{ OFFSET, SCALE, POMER, UNUSED };
{ 0.1f, 4.2f, 4.4f, 0.0f };

fl oat 3x3 Vi ewTangent mul ( Model Tangent ,

(f1 oat 3x3) Mbdel Vi ew T) ;

/| Cenerate VI EW SPACE vectors
float3 viewN = normalize(mul ((fl oat3x3) Model Vi ew,
vert. ONormal ));
float4 viewP = nul (Model View, vert.OPosition);
viewP.w = 1-saturate(sqrt(dot (vi ewP. xyz,
vi ewP. xyz)) *0. 01) ;
float3 view = -viewP. xyz;

[/ Generate OBJECT SPACE vectors

float3 objV = nornalize(EyePosition-vert. OPosition. xyz);
float3 objL nor mal i ze(Li ght Vector) ;

float3 objH = nornalize(objL + objV);

/] Generat e TANGENT SPACE vectors

float3 tanL = nul (Mbdel Tangent, objL);
float3 tanV = nul (Mbdel Tangent, objV);
float3 tanH = nul (Mbdel Tangent, objH);

/'l Cenerate REFLECTI ON vector for per-vertex
/1 reflection |ook-up
float3 reflection = reflect(-view, view;

/'l Cenerate FRESNEL term

float ndv = saturate(dot(viewN, view));

fl oat Fresnel Approx = (pow( (1-ndv), Fresnel.z)*Fresnel.y +
Fresnel . x);

/[l Fill QUTPUT paraneters
O uv. xy = vert.uv; /| TEXCOORDO. xy
O |ight = tanL; /'l Tangent space LI GHT
/1 Tangent space HALF- ANGLE
O halfangle = float4(tanH. x, tanHy,
tanH. z, 1-exp(-viewP.w));

Oreflection = reflection; /1 View space REFLECTI ON
/'l Tangent space VIEW + di stance attenuation
O vi ew = float4(tanV.x, tanV.y,

tanV.z, viewP.w);
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/[ VI EWTANGENT

O. t angent = nor mal i ze( Vi ewlangent[0]); // colum O
O. bi nor nal = normal i ze(Vi ewrangent[1]); // colum 1
O. nor nal = nor mal i ze( Vi ewlangent[2]); // colum 2
O fresn = Fresnel Appr ox;
return G
}
9

/1 This shader is based on the Tine Machi ne tenporal rust
/1 shader. Car paint data was neasured by Cornel l

/1 University from sanpl es provided by Ford Mtor Conpany.
I

struct VS _QUTPUT {
float4 HPosition : POSITION, // coord position in w ndow
float2 uv : TEXCOORDO; // wavy/fl eckmap coords
float3 |ight : TEXCOORD1; // light pos (tangent space)
float4 hal fangle : TEXCOORD2; // Blinn hal fangle
float3 reflection: TEXCOORD3; // Refl vector (per-vertex)

float4 view : TEXCOORD4; // view (tangent space)
fl oat 3 tangent : TEXCOORD5; // viewtangent matri X
fl oat 3 bi nor nal : TEXCOORDG; [/

fl oat 3 nor mal : TEXCOORD?; [/

float fresn : COLORO;

}s

/] Pl XEL SHADER
float4 mai n( VS_OUTPUT vert,

uni f or m sanpl er 2D WavyMap . register(s0),
uni f orm sanpl er CUBE Envi ronnent Map : register(sl),
uni f orm sanpl er 2D Pai nt Map . register(s2),
uni f orm sanpl er 2D Fl eckMap . register(s3),
uni form float Anmbient ) : COLOR
{
/| NEWPAI NTSPEC = { UNUSED, SPEC POWER, G.CSSI NESS,
/1 FLECK SPEC PONER }

float4 NewPai nt Spec = { 0.0f, 64.0f, 3.8f, 8.0f };
fl oat 3 C ear Coat = { 0.299f,0.587f, 0.114f };
fl oat 3 Fl eckCol or ={ 0.9, 1.05, 1.0 };

fl oat 3 WavyScal e ={ 0.2, -0.2, 1.0 };
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/| Tangent space LI GHT vector
float3 L = nornalize(vert.light);

/1l Tangent space HALF- ANGLE vect or
float3 H = nornalize(vert. hal fangl e. xyz);

/| Tangent space VI EW vect or
float3 V = normalize(vert.view xyz);
float v_dist = vert.vieww,

/'l Tangent space WAVY_NORMAL
float3 wavyN = (fl oat 3)tex2D( WavyMap, vert.uv)*2-1;
wavyN = nor nal i ze(wavyN*WavyScal e) ;

/1 PAI NT

/1 A normal map map coul d be | oaded here instead if
/!l we wanted nore detail. In this case we have a
/1 uniformtangent space normal (0,0, 1)

float n_d_ | = L.z;

float n_d_h = H z;
float3 paint_color = (float3)tex2D(Pai nt Map,
float2(n_d_|, n_d_h));

/| SPECULAR POWMER - use a saturated diffuse term
/1 to clanp the backlighting
n_d h = saturate(n_d_I *4)*pow(n_d_h, NewPai nt Spec.y);

/| REFLECTI ON ENVI RONVENT
/1 Reflect view vector about wavy nornmal and bring
/1 to view space
float3 R = reflect(-V, wavyN);
R = R x*vert.tangent + R y*vert.binormal +
R z*vert. normal ;
float3 reflect_color = (float3)texCUBE(Environnent Map, R);

/| FLECKS

/1 Load random 3-vector flecks fromfleck _map

/'l Reduce tiling artifacts by sanpling at

/1 different frequencies

float3 fleckN = (fl oat3)tex2D(Fl eckMap, vert.uv*37)*2-1;

fleckN = ((fl oat 3)tex2D( Fl eckMap, vert.uv*23)*2-1)/2 +
fl eckN 2;

float fleck_n_d h = saturate(dot(fleckN, H));
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float3 fleck _color = FleckCol or * powfleck_n_d_h,
| er p( NewPai nt Spec.y, NewPai nt Spec.w, v_dist));
/1 Control the ambient fleckiness and al so
/] attenuate w th distance
fleck _color = fleck_col or*Anbi ent *vert. hal fangl e. w;

/| DI FFUSE
float k_d = saturate(n_d_|*1.2);
float3 paintResult = | erp(Anbi ent*paint_col or,
paint _col or, k_d);
/| FRESNEL
float Fresnel = saturate(dot(C earCoat, reflect_color));

Fresnel = pow Fresnel, NewPai nt Spec. z);

/1 This hel ps make the clear coat |ess omi present --

/1 only the really (perceptually) bright areas reflect
/1 the nost.

Fresnel = saturate(vert.fresn*Fresnel);

/1 Show nore of the specul ar reflection environment

/1 when in fresnel zones

[/ diffuse * (1-fresnel) + environment * (fresnel)
paintResult = lerp(paintResult, reflect_color, Fresnel);

/| SPECULAR
// diffuse + specul ar + flecks
paintResult = paintResult + n_d_h + fleck_col or;

/] OUTPUT
return pai nt Resul t. xyzz;
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struct appdata {
float3 Position : PGCSI Tl ON
float3 Normal : NORMAL;

}i

struct vpconn {
float4 Hposition : PGCSITION
fl oat4 TexCoordO : TEXCOORDO;

i

vpconn nai n(appdata I N,
uni form fl oat 4x4 Worl dVi ewPr oj ,
uni form fl oat 3x3 Worl dI T,
uni form fl oat 3x4 Worl d,
uni form fl oat 3 Li ght Vec,
uni form fl oat 3 EyePos)

{
vpconn OUT;
float3 worl dNormal = normalize(mul (Worldl T, IN Normal));
[/build float4
float4 tenpPos;
tenpPos. xyz = I N. Position. xyz;
tenmpPos.w = 1.0;
[/ conmpute worl d space position
float3 worl dSpacePos = nul (Worl d, tenpPos);
/lvector fromvertex to eye, nornalized
float3 vert ToEye = normal i ze(EyePos - worl| dSpacePos);
[1h = normalize(l + e)
float3 hal fAngl e = normal i ze(vert ToEye + Li ght Vec);
QUT. TexCoor d0. x = nmax(dot (Li ght Vec, wor | dNor mal ), 0. 0) ;
QUT. TexCoor d0.y = nmax(dot (hal f Angl e, wor | dNor mal ), 0. 0) ;
/1 transforminto honbgeneous-clip space
QUT. Hposi tion = nul (Wrl dVi ewProj, tenpPos);
return OUT;
}
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dot3x2
dot3x2 DirectX 8
texnBx2tex OpenGL DOT_PRODUCT _TEXTURE 2D
t exnBx2t ex
2
2D

14 dot3x2
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struct a2v {
float4 Position : POSITION; //in object space
float3 Normal : NORMAL; //in object space
float2 TexCoord : TEXCOORDO;
float3 T : TEXCOORDL; //in object space
float3 B : TEXCOORD2; //in object space
float3 N : TEXCOORD3; //in object space

i

struct v2f {
float4 Position : POSITION, //in projection space
float4 Nornmal : COLORO; /lin tangent space
float4 LightVectorUnsi gned : COLORL; //in tangent space
fl oat 3 TexCoordO : TEXCOORDO;
float 3 TexCoordl : TEXCOORDL;
float4 LightVector : TEXCOORDZ; //in tangent space
float4 Hal f Angl eVect or : TEXCOORD3; //in tangent space

}s

v2f main(a2v | N,
uni f orm f | oat 4x4 Wor | dVi ewPr oj ,
uni form fl oat4 LightVector, //in object space
uni form fl oat4 EyePosition //in object space

)

v2f QUT;

/| pass texture coordinates for
/1 fetching the diffuse map
QUT. TexCoor d0. xy = | N. TexCoord. xy;

/| pass texture coordinates for
/1 fetching the normal map
QUT. TexCoordl1. xy = | N. TexCoord. xy;

/1 conpute the 3x3 transform from
/1 tangent space to object space
f | oat 3x3 obj ToTangent Space;

obj ToTangent Space[0] = IN. T;

obj ToTangent Space[1] = IN. B;
obj ToTangent Space[2] = IN. N;
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[l transformnormal from
/] object space to tangent space

QUT. Normal . xyz = 0.5 * nul (obj ToTangent Space,

0. 5;

/1 transformlight vector from
/'l object space to tangent space
float3 |ightVectorlnTangent Space =
mul (obj ToTangent Space, LightVector. xyz);

I'N. Normal ) +

QUT. Li ght Vector. xyz = |i ght Vect or| nTangent Space;

QUT. Li ght Vect or Unsi gned. xyz = 0.5 *
| i ght Vect or I nTangent Space + 0.5;

/1 conpute view vector
float3 viewector =

nor nal i ze( EyePosi tion. xyz - I N Position.xyz);

/1 conmpute half angle vector
fl oat 3 hal f Angl eVector =
nor mal i ze(Li ght Vector.xyz + vi ewector);

/1 transform hal f-angle vector from
/| object space to tangent space
QUT. Hal f Angl eVector. xyz =
mul (obj ToTangent Space, hal f Angl eVector);

/1 transformposition to projection space

QUT. Position = mul (Worl dViewProj, IN Position);

return OUT;

dot3x2

struct v2f {
float4 Position : POSITION, //in projection space

float4 Normal : COLORO; //in tangent space

float4 LightVectorUnsigned : COLORL; //in tangent space

fl oat 3 TexCoord0 : TEXCOORDO;
fl oat3 TexCoordl : TEXCOORDL;

float4 LightVector : TEXCOORD2; //in tangent space
float4 Hal f Angl eVector : TEXCOORD3; //in tangent space
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float4 mai n(v2f IN,
uni f orm sanpl er 2D Di f f useMap,
uni f orm sanpl er 2D Nor nmal Map,
uni form sanpl er2D ||| uni nati onMap,
uni form fl oat Anbient) : COLOR

/'l fetch base col or
float4 color = tex2D(Di ffuseMap, | N TexCoordO. xy);

/1 fetch bunp normal and expand it to [-1, 1]
float4 bumpNormal = 2 *
(t ex2D( Nor mal Map, | N. TexCoordl. xy) - 0.5);

/1 conpute the dot product between

/1 the bunmp normal and the |ight vector,

/1 conmpute the dot product between

/1 the bunmp normal and the half angle vector,
[/l fetch the illum nation map using

/1 the result of the two previous dot products
/1 as texture coordinates

[/l returns the diffuse color in the
/1 col or conponents and the specular color in the
/1 al pha conponent

float2 illunCoord =
fl oat 2(dot (I N. Li ght Vect or. xyz, bunpNornal . xyz),
dot (I N. Hal f Angl eVect or. xyz, bunmpNormal . xyz));
float4 illum nation = tex2D(I| | um nati onMap, il l unCoord);

/1 expand iterated normal to [-1,1]
float4 normal = 2 * (1IN Normal - 0.5);

/1 conpute self-shadow ng term
fl oat shadow = saturate(4 * dot (nornal.xyz,
I N. Li ght Vect or Unsi gned. xyz));

/1 conmpute final color
return (Ambient * col or + shadow)
* (illumnation * color + illum nation. www) ;
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struct a2v {
float4 Position : POSITION, [/
float 2 TexCoord : TEXCOORDO;

float3 T : TEXCOORD1; /1
float3 B : TEXCOORDZ; /1
float3 N : TEXCOORDS; /1

i

struct v2f {

in
in
in

obj ect

obj ect
obj ect
obj ect

space

space
space
space

float4 Position : POSITION, // in projection space

float4 TexCoord : TEXCOORDO;

/1l first row of the 3x3 transform

I fromtangent to cube space

fl oat 4 Tangent ToCubeSpaceO : TEXCOORD1;

/1l second row of the 3x3 transform

I fromtangent to cube space

fl oat4 Tangent ToCubeSpacel : TEXCOORD2;

/[l third row of the 3x3 transform

I fromtangent to cube space

fl oat4 Tangent ToCubeSpace2 : TEXCOORD3

}s

v2f main(a2v I N
uni f orm f | oat 4x4 Worl dVi ewPr oj ,
uni f orm f | oat 3x4 Cbj ToCubeSpace

uni form float3 EyePosition, // in cube space

uni form fl oat BunpScal e)
v2f OUT
/| pass texture coordinates for

/1 fetching the normal map
QUT. TexCoord. xy = I N. TexCoord. xy;

/1 conmpute 3x3 transform fromtangent to object

f | oat 3x3 obj ToTangent Space;

/1 first rows are the tangent and bi nor nal

/1 scaled by the bunp scal e

space
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obj ToTangent Space[ 0]
obj ToTangent Space[ 1] BunpScal e * | N. B;

obj ToTangent Space[ 2] I N N;

/1 conpute the 3x3 transformfrom

Il tangent space to cube space:

/| Tangent ToCubeSpace

I = obj ect 2cube * tangent 20bj ect

I = obj ect 2cube * transpose(obj ToTangent Space)

/1 (since the inverse of a rotation is its transpose)
I/

/1l So a row of Tangent ToCubeSpace is the transform by
Il obj ToTangent Space of the correspondi ng row of

I Obj ToCubeSpace

BunpScale * IN. T;

QUT. Tangent ToCubeSpace0. xyz =

mul (obj ToTangent Space, Obj ToCubeSpace[ 0] . xyz);
QUT. Tangent ToCubeSpacel. xyz =

mul (obj ToTangent Space, Obj ToCubeSpace[ 1].xyz);
QUT. Tangent ToCubeSpace2. xyz =

mul (obj ToTangent Space, Obj ToCubeSpace[ 2] . xyz);

/1l conpute the eye vector

Il (going fromeye to shaded point) in cube space

fl oat3 eyeVector = nul (Obj ToCubeSpace, | N. Position) -
EyePosi ti on;

QUT. Tangent ToCubeSpace0. w = eyeVect or. Xx;
QUT. Tangent ToCubeSpacel. w = eyeVector.y;
QUT. Tangent ToCubeSpace2. w = eyeVector. z;

[/l transformposition to projection space
QUT. Position = mul (Wrl dViewProj, IN Position);

return OUT;
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struct v2f {
float4 Position : PCSITION;, //in projection space
float4 TexCoord : TEXCOORDO;

/1 first row of the 3x3 transform
/1 fromtangent to cube space
fl oat 4 Tangent ToCubeSpaceO : TEXCOORDL;

/1 second row of the 3x3 transform
//  fromtangent to cube space
fl oat 4 Tangent ToCubeSpacel : TEXCOORD2;

[/ third row of the 3x3 transform
/1 fromtangent to cube space
fl oat 4 Tangent ToCubeSpace2 : TEXCOORDS;

i

float4 mai n(v2f IN,
uni f orm sanpl er 2D Nor mal Map,
uni f orm sanpl er CUBE Envi r onment Map,
uni form fl oat 3 EyeVector) : COLOR

/1 fetch the bunp nornmal from the normal nap
float4 normal = tex2D( Nor mal Map, | N. TexCoord. xy) ;

/1 transformthe bunp normal into cube space
/1 then use the transformed normal and eye vector
/1 to compute the reflection vector that is
/1 used to fetch the cube map
return texCUBE refl ect _eye dp3x3(Environnent Map,
I N. Tangent ToCubeSpace?2. xyz,
I N. Tangent ToCubeSpace0,
I N. Tangent ToCubeSpacel,
nor mal ,
EyeVector);
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struct app2vert

{

float4 Position
fl oat4 Nor nmal

fl oat4 TexCoordO

h

PCSI TI ON,
NORVAL;
TEXCOORDO;

144

NVIDIA

808-00504-0000-003



struct vert2frag

{
fl oat4 HPosi ti on : POSI TI ON;
float4 Col or0O : COLORO;
fl oat4 TexCoor dO . TEXCOORDO;
}s

vert2frag mai n(app2vert IN,
uni form f | oat 4x4 Mddel Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ew,
uni form fl oat 4x4 Model Vi ewl T)

{
vert2frag OUT;

#i f def PROFI LE_ARBVP1

Model Vi ewProj = gl state. matri x. mvp;

Model Vi ew = gl state. matri x. nodel vi e 0] ;

Model Viewl T = gl state. matri x. i nvtrans. nodel vi ew 0] ;
#endi f

QUT. HPosi ti on

mul (Model Vi ewProj, |N. Position);

float3 normal = nornalize(nmul (Mdel View T,
I'N. Normal ). xyz);
float3 eyeToVert = nornmalize(mul (Mobdel Vi ew,
I N. Posi tion).xyz);

/1 reflect the eye vector across the normal vector
[/ for reflection
QUT. TexCoord0 = float4(reflect(eyeToVert, nornmal), 1.0);

float fO = .1;

/1 conmpute the fresnel term

fl oat oneMCosAngl e = 1+dot (eyeToVert, nornal);
oneMCosAngl e = pow oneMCosAngl e, 5);

QUT. Col or0 = | erp(oneMCosAngl e, 1, f0).xxxx;

return OUT;
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Sin
17
struct app2vert {
float4 Position : POSITION;
float4 Normal : NORMAL;
float4 TexCoordO : TEXCOORDO;
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float4 Color0 : COLORO;
s

struct vertout {
float4 Hposition : PGSl TION
float4 Col or0 : COLORO;
float4 TexCoordO : TEXCOORDO;

i

vertout mai n(app2vert IN,
uni form fl oat 4x4 Model Vi ewPr oj ,
uni form fl oat 4x4 Model Vi ew,
uni form fl oat 4x4 Model Vi ew T,
uni form fl oat 4 Const ant s)

vertout OUT;

/1 we need to figure OQUT what the position is
float4 position = I N Position;

position.z = O;

position.y = O;

// add IN the actual base |ocation of
/1 the straw (stored I N Col or0. xz)

position.x = position.x + IN. Color0.x;
position.z = position.z + IN. Col or0. z;

/1 figure OUT where the wind is coming from
float4 origin = float4(20,0, 20,0);
float4 dir = position - origin;

/1 find the intensity of the w nd

float inten = sin(Constants.x + .2*length(dir)) *
IN. Position.y;

dir = nornalize(dir);

// we need to do sone Bezier curve stuff here.

float4 ctrll = float4(0,0,0,0);

float4 ctrl 2 float4(0,IN. Col or0.y/2,0,0);

float4 ctrl3 float4(dir.x*inten, IN ColorO.y,
dir.z*inten, 0);

/! do the Bezier linear interpolation steps

float t = IN. Col or0. w;

float4 temp = lerp(ctrll, ctrl2, t);
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float4 temp2 = lerp(ctrl2, ctrl3, t);
float4 result = lerp(tenp, tenmp2, t);

/1 add IN the height and wi nd di spl acenent conponents
position = position + result;
position.w = 1;

/1 transformfor sending to the reg. conbiners
QUT. Hposi tion = nul (Mbdel Vi ewProj, position);

/1 calculate the texture coordi nate
Il fromthe position passed IN
QUT. TexCoordO = float4((IN Position.x + .05)*10,t,1,1);

/1 find the nornal

/1l we need one nore point to do a parti al
tenmp = lerp(ctrl 1, ctrl2, t+0.05);

temp2 = lerp(ctrl2, ctrl3, t+0.05);

float4 newResult = lerp(tenp, tenp2, t+0.05);

[/l do a crossproduct with a vector that

I is horizontal across the screen

float normal = cross((result - newResult).xyz,
float3(1,0,0));

normal = normalize(normal);

/1 calculate diffuse lighting off the nornal

Il that was just cal cul ated

float3 |ightPos = float3(0,5,15);

float3 |ightVec = nornalize(lightPos - position);
float diffuselnten = dot(lightVec, nornal);

/1 Set up the final col or
/] The first termis a sem randomterm based
Il on the total height of this straw
/1 The second termis the diffuse Iighting conponent
QUT. Col or0 = normalize(ctrl3) * diffuselnten *
I N. Position.z;

return OUT;
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struct inputs

{
fl oat4 Position . PCSI TI ON,

fl oat 4 Nor nmal : NORMAL;
b

struct outputs

fl oat4 hPosition . PCSI TI ON,
float4 fresnel Term : COLORO;
float4 refractVec :  TEXCOORDO;
float4 refl ectVec ;. TEXCOORDI;

}

/1 fresnel approximation
fixed fast_fresnel (float3 I, float3 N,
fl oat 3 fresnel Val ues)
{
fixed power = fresnel Val ues. x;
fixed scale = fresnel Val ues. y;
fi xed bias = fresnel Val ues. z;

return bias + pow(1.0 - dot(l, N), power) * scal e;

}

out puts mai n(inputs IN,
uni form f | oat 4x4 Mbddel Vi ewPr oj ,
uni form f| oat 4x4 Model Vi ew,
uni form fl oat 4x4 Model View T,
uni form fl oat theta)

out puts QUT,;
QUT. hPosi ti on = nul (Mobdel Vi ewProj, IN. Position);

/1 convert the position and normal into

/| appropriate spaces

float3 eyeToVert = nul (Model View, | N Position).xyz;
eyeToVert = normalize(eyeToVert);

float3 normal = nul (Model View T, | N. Nornal). xyz;
normal = nornalize(normal);
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.refractVec.xyz = refract(eyeToVert, nornal, theta);
.refractVec.w = 1;

€& &€

.refl ectVec.xyz = refl ect(eyeToVert, nornal);
.reflectVec.w = 1;

/] calculate the fresnel reflection
QUT. fresnel Term = fast_fresnel (-eyeToVert, nornal,
float3(5.0, 1.0, 0.0));

return OUT;

}

float4 main(in float3 refractVec : TEXCOORDO,
in float3 refl ectVec : TEXCOORDL,
in float3 fresnel Term : COLORO,
uni f orm sanpl er CUBE envi r onment Maps| 2],
uni form fl oat enabl eRefracti on,
uni form fl oat enabl eFresnel) : COLOR

{

float3 refract Col or = texCUBE(environnment Maps[ 0],
refract Vec) . rgb;

float3 reflectCol or = texCUBE(environnment Maps[ 1],
refl ect Vec) . rgb;

float3 reflectRefract = lerp(refractCol or, reflectCol or,
fresnel Term;

float3 final Col or = enabl eRefraction ?
(enabl eFresnel ? reflectRefract : refractCol or)
(enabl eFresnel ? reflectColor : fresnel Term;

return float4(final Color, 1.0);
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struct appdata {
float3 Position : PGSITION;
float3 Normal : NORMAL;

}s

struct vpconn {
float4 Hposition : PGCSITION
fl oat4 TexCoordO : TEXCOORDO;
float4 TexCoordl : TEXCOORDL;
float4 Color0 : COLORO;

}s

vpconn nai n(appdata I N,
uni form f | oat 4x4 Wor | dVi ewPr oj ,
uni form fl oat 4x4 TexTr ansform
uni form fl oat 3x3 WorldI T,
uni form fl oat 3 Li ght Vec)

vpconn QOUT;

float3 worl dNormal = normalize(mul (WorldlT,

float |Idotn = max(dot (LightVec, worl dNornal),

QUT. Col or 0. xyz = | dot n. xxx;

fl oat4 tenpPos;
tenpPos. xyz = I N. Posi tion. xyz;
tenpPos. w = 1. 0;

QUT. TexCoor d0 mul (TexTr ansform tenpPos);
QUT. TexCoord1l = mul (TexTransform tenpPos);

QUT. Hposi tion = mul (Worl dVi ewProj, tenpPos);

return OUT,

I N. Normal )) ;
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struct v2f_sinple {
float4 Hposition : POSI TION,
fl oat4 TexCoord0O : TEXCOORDO;
float4 TexCoordl : TEXCOORDL;
float4 Col or0 : COLORO;

b

float4 main(v2f_sinple IN,
uni f orm sanpl er 2D Shadowvap,
uni f orm sanpl er 2D SpotLi ght) : COLOR

{

fl oat 4 shadow =

float4 spotlight =

float4 lighting = IN Col orO0;

return shadow * spotlight * |ighting;
}

t ex2D( Shadowivap, | N. TexCoor dO. xy) ;
t ex2D( Spot Li ght, | N. TexCoor d1. xy) ;
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struct appdata

{

}

float4 Position : POCSITIQON;
float3 Normal : NORMAL;
float4 DiffuseCol or : COLORO;
fl oat2 TexCoordO : TEXCOORDO;

struct vpconn {

}

float4 Hposition : PGSITION,
float4 Color0 : COLORO;
fl oat2 TexCoordO : TEXCOORDO;

vpconn nai n(appdata I N,

uni form fl oat 4x4 Wor | dVi ewPr oj ,

uni form float4 LightPos, // (in object space)
uni form fl oat 4 Fat ness,

uni form fl oat 4 ShadowExt r udeDi st ,

uni form fl oat4 Factors

)
vpconn QOUT;

/1 Create normalized vector fromvertex to |ight
float4 light _to_vert = normalize(lN Position - LightPos);

/1 Ndot L to decide if point should be noved away
Il fromthe light to extrude the vol une
float ndotl = dot(-light _to_vert.xyz, IN Nornal.xyz);

/1 Inset the position al ong

/1 the normal vector direction

/1 This noves the shadow vol une points

/1 inside the nodel slightly to mnimze

/'l poppi ng of shadowed areas as

/| each facet cones in and out of shadow.

/1l The Fatness val ue shoul d be negative

float4 inset_pos = (IN Normal * Fatness.xyz +
I N. Posi tion.xyz).xyzz;

i nset_pos.w = I N. Position.w
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/1 scale the vector fromlight to vertex
float4 extrusion_vec = light_to_vert * ShadowExtrudeD st;

/1 if ndotl < O then the vertex faces

/1 away fromthe light, so nove it.

/1l It will be noved along the direction from

/1 light to vertex to extrude the shadow vol une.
float away = (float)(ndotl < 0);

/'l Move the back-faci ng shadow vol ume points
float4 new position = extrusi on_vec * away + inset_pos;

/1 Transform position to hclip space;
QUT. Hposi tion = mul (Wrl dVi ewProj, new_position);

/Il Set the color to blue for when the shadow vol unme
/1 is rendered in color for illustrative purposes
float4 color = float4(0, 0, Factors.x, 0);

QUT. Col or0 = col or;
QUT. TexCoor d0. xy = | N. TexCoor dO;
return OUT,
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struct appdata {
fl oat4 TexCoordO : TEXCOORDO;

i

struct vpconn {
float4 HPCS : PGCSI Tl ON;
float4 COLO : COLORO;
float4 TEXO : TEXCOORDO;

i

vpconn nai n(appdata I N,
uni form fl oat 4x4 Wor |l dVi ewPr oj ,
uni form fl oat 3x4 Worl dVi ew,
uni form fl oat 3x3 Worl dVi ewl T,
uni form fl oat 3 Waves X,
uni form fl oat 3 WavesY,
uni form fl oat 3 WavesH,
uni form fl oat 3 Ti me

)
vpconn QOUT;

float3 angle = WavesX * | N. TexCoordO. x +
WavesY * | N. TexCoor d0. y;
angle = angle + Tine;

fl oat 3 si ne, cosine;
si ncos(angl e, sine, cosine);

/Il position is: (u, sum(hi * sin(anglei)), v, 1)
float4 position;

position.xz = I N TexCoor dO. xy;

position.y = dot(WavesH, sine);

position.w = 1.0f;

QUT. HPOS = mul (Wor | dVi ewProj, position);

/1l normal is (t h WaveX cos(angle),
/-1,

/1t h \WaveY cos(angle))

float3 normal;

nornmal . x = dot (WavesH * WavesX, cosine);

808-00504-0000-003 159
NVIDIA



Cg

nor mal .y -1.0f;
normal .z = dot (\WvesH * WAvesY, cosine);

/1 transformnornal into eye-space
normal = mul (Worl dViewl T, nornmal);
normal = nornalize(normal);

[/ Transformvertex to eye-space and

I conpute the vector fromthe eye to the vertex.
/1 Because the eye is at 0, no subtraction is

Il necessary. Because the reflection of this vector
Il | ooks into a cube-map nornalization is al so

I unnecessary!

float3 eyeVector = mul (Worl dVi ew, position);

QUT. TEXO. xyz = refl ect (eyeVector, normal);

return OUT;
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struct appdata {

b

float3 Position : POSITION,
float2 Wights : BLENDWElI GHTO;
float2 Indices : BLEND NDI CES;
float3 Normal : NORMAL;

fl oat2 TexCoordO : TEXCOORDO;
float3 S : TEXCOORD1;

float3 T : TEXCOORDZ;

float3 SxT : TEXCOORD3;

struct vpconn {

b

float4 Hposition : PQOSITION,
fl oat4 TexCoordO : TEXCOORDO;
float4 TexCoordl : TEXCOORDIL;
float4 Color0 : COLORO;

vpconn mai n(appdata I N,

uni form fl oat 4x4 Wor | dVi ewPr oj ,
uni form fl oat 3x4 Bones|[ 26],
uni form fl oat 3 Li ght Vec)

vpconn QOUT;

fl oat4 tenpPos;
tenpPos. xyz = I N. Posi tion. xyz;
tenpPos.w = 1. 0;

[l grab first bone matrix
float i = I N Indices.x;

//transform position
float3 posO = mul (Bones[i], tenpPos);

//create 3x3 version of bone matri x
fl oat 3x3 m

m _n00_nD1_nD2
m _nl0_nill ni2
m _n20_nR1 nR2

Bones[i]._nD0_nD1_n02;
Bones[i]._nl0_nill_ni2;
Bones[i]._nR0_nR1_nR2;

/[l transformsS, T, SxT

162
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float3 sO =ml(m INYS)
float3 t0 mul (m INT);
float3 sxtO mul (m | N. SxT);

/! next bone
i = INIndices.y;

/'l create 3x3 version of bone

m _n00_nD1 nD2 = Bones[i]._nmD0_nD1_nD2;
m _nil0_nill nl2 Bones[i]. mlO nll nil2;
m _n20_nR1 nR2 Bones[i]. _nm20_nRl nP2;

float3 posl = mul (Bones[i], tenpPos);

// transformsS, T, ST

float3 s1 =ml(m INYS)
float3 t1 =ml(m INT);
float3 sxtl = mul (m | N SxT);

/1 final blending

// blend s, t, sxt
float3 finalS
float3 final T
float3 final ST

sO * IN.Wights.x + s1 * IN Wights.y;
t0 * IN Wights.x + t1 * |IN Wights.y;

/1 blend between the two positions
float3 final Pos = posO * | N Weights.x+posl1*| N Wights.y;

fl oat 3x3 wor | dToTangent Space

wor | dToTangent Space. _nD0_n01_ nD2 final S;
wor | dToTangent Space. _ml0_mll ml2 final T;
wor | dToTangent Space. _nR20_nmR1 nmR2 = fi nal SxT;

fl oat3 tangentLight =
nor mal i ze(mul (wor | dToTangent Space, Li ghtVec));

// scale and bias, add bit of anbient
tangent Li ght = ((tangentLight + 1.0) * 0.5) + 0. 2;

I/l create float4 with 1.0 al pha
float4 tenpLight;

tenpLi ght . xyz = tangentLi ght. xyz;
tenpLi ght.w = 1. 0;

sxt0 * I N Weights. x+sxt1 * | N. Weights.y;
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QUT. Col or0 = tenpLi ght;

/| pass through texcoords

QUT. TexCoor d0. xy = | N. TexCoor dO. xy;
QUT. TexCoord1. xy = | N. TexCoor dO. xy;

float4 tenpPos2;
tenpPos2. xyz = fi nal Pos. xyz;
tempPos2. w = 1. 0;

QUT. Hposi tion = nul (Worl dVi ewProj, tenpPos2);

return OUT;
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ANSI C

struct

ANSI C C++ Java
RenderMan Stanford
GPU
Cg
C
2
C++ t ypedef
Cg C

bool
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a / out i nout
in
in out
i nout
ANSI C
Cg ANSI-C
a 168
for whi | e
a API
183
a goto break conti nue
a switch case def aul t
a & ->
a
packed
packed
a . XyzZw .rgba
a
a
. _row><col >[ _nkrow><col >][...]
DirectX 8
2
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] C
fixed
fixed
fl oat
Cg
Cg
a
a 2 || && !
4
a
uni form
a sanpl er *
a C++
a
QO enum uni on
a
a
a C
a
Q struct C++
a C /*

Cg

fixed

double fl oat

bool 4

A Cg

float half
3
fl oat hal f
hal f
fl oat hal f
fixed
i nt
20 &&
mai n()
uni form
uni form
C++

float4(1,2,3,4)

*/

t ypedef

C++
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ANSI C
a
a
a
Cg
float half
fixed sanpl er*
Cg 1
t ypedef

fixed

Cg

168
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uniform
mai n()
uni form uni form
uni f orm <type> <vari abl e>
uni form fl oat 4 myVect or;
fragout foo(uniformfloat4 uv);
uni form
1
uni form uni form
uni form
uni form
uni form
uni form
uni form
uni form
C voi d
2
a C voi d functi onNane(voi d)
a functionName()
static
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Cg

profileA profileB nmyfunc() 2

profileA float myfunc(float x) {/*...*/};
profileB float myfunc(float x) {/*...*/};

t ypedef
VS
ps
ps_1 DirectX 8 1.x
ps_2 DirectX 9 2.X
vs_1 DirectX 1.x
vs_2 2.X
181
1.
2
vs ps_1
3.
170 808-00504-0000-003
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183

[unifornm} <type>identifier [: <binding_semantic> [= <default>]

a <type> in out inout const
175

Q <default>

uni form

y = nyfunc(x)[2];
nyfunc(x)[2] =y;.

Cg
a int 32 2 int
fl oat

a float IEEE 32
fl oat

Q half |IEEE
hal f fl oat

Q fixed [-2,2) 10

fixed hal f fl oat
fixed
174
fixed

808-00504-0000-003 171
NVIDIA



Cg

sanpl er *

true false

sanpl er *
in
sanpl er *

sanpl er sanpl er1D sanpl er2D sanpl er 3D

sanpl er1D sanpl er2D

sanpl er RECT

hal f f I oat fixed
bool bool
cint 32 2
cint
cfl oat IEEE 32
cf | oat
voi d
sanpl er *
sanpl er*
sanpl er *
sanpl er *
sanpl er CUBE sanpl er RECT
sanpl er sampler*
sanpl er
sanpl er
sanpl er 3D sanpl er CUBE
174
6 sampler*
array 1
array packed
packed
packed
packed
unpacked
4 2
1 packed
packed

sanpl er 1D sanpl er 2D

array 1

packed
unpacked

4x4

t ypedef

172
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t ypedef
t ypedef
t ypedef
t ypedef

packed
packed
packed
packed
packed
packed
packed
packed

TYPE

packed TYPE TYPEL[ 1];
packed TYPE TYPEZ[ 2] ;
packed TYPE TYPE3[ 3] ;
packed TYPE TYPE4[ 4] ;

TYPEL
TYPE2
TYPES3
TYPE4
TYPEL
TYPE2
TYPES3
TYPE4

TYPE1X1[ 1] ;
TYPE1x2[ 1] ;
TYPE1X3[ 1] ;
TYPELx4[ 1] ;
TYPE2x1[ 2] ;
TYPE2x2[ 2] ;
TYPE2x3[ 2] ;
TYPE2x4[ 2] ;

a._nmB0_nB81_nB82_nB83

a

Q struct

3

floatl float2

TYPE

packed
packed
packed
packed
packed
packed
packed
packed

A Cg

float3 float4

TYPEL TYPE3x1[3];
TYPE2 TYPE3x2[ 3] ;
TYPE3 TYPE3x3[ 3] ;
TYPE4 TYPE3x4[ 3] ;
TYPEL TYPE4x1[4];
TYPE2 TYPE4x2[ 4] ;
TYPE3 TYPE4x3[ 4] ;
TYPE4 TYPE4x4[ 4] ;

float2x1l float3x3 float4x4

t ypedef

fl oat 4x4 a

TYPE_rows_X col umms

a[ 3]
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a
a
a
a cint int
a cfl oat fl oat hal f fixed
/
a
a cfl oat cint
a
a bool
<cat egory>
1
float half fixed
C 1
aQ f =float
Q d=double
Q h=half
aQ x=fixed
cfl oat
cint
174 808-00504-0000-003
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NVIDIA

10 C 16
0x 8
0
Q float: s23e8 fp32 IEEE
Q half: sl0e5 fpl6 |EEE
Q fixed: sl.10 [-2,2)
Q double: sh2ell fp64 |IEEE
Q int: 32
1
Q const
const const
const
static const
uni form
const const
QO in out
in out i nout i nout
in
in out
i nout
/ out
const
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variable float4

Q

sanpl er CUBE

sanpl er 2D

struct

C
(float4)vari abl e

sanpl er sanpl er 1D sanpl er2D sanpl er 3D
sanpl er RECT
sanpl er1D sanpl er

(0.0)

struct
struct

176
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A Cg

0O 00O

808-00504-0000-003

NVIDIA

177




Cg

T1 T2
T2 T1
T1 T2
O T1 T2 typedef
a T1 T2
a T1 T2
a T1 T2
cfl oat cint 181
fl oat int
2
1 doubl e doubl e
fl oat fl oat
3. hal f hal f
4, fixed fixed
5. cfl oat cfl oat
6. int i nt
7. cint
178 808-00504-0000-003
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A Cg

= *= C
2
3
? 2 2 3
1
C 2
C
a struct
a :
% typedef struct t ypedef
%
%
packed 171 C
Cg
array
[1]
Cg
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A

float A[4][4];

A =

Q A0]

O

Al row] [ col umm]

{ {Al0][OQ],
{AL1][0],
{AL2][0],
{AL3][0],

{AL0][0Q],

structs

ALOI[1], A[O][2],
A1), ALL][2],
Al2][1], Al2][2],
AL3I[1], AL3][2],

AL0][3
Al1][3

AL3][3

ALOI[1], ALOI[2], A[O][3]}

uniform

uniform
uniform

uniform

1}

1},
AL2][3]},

1}

b

uniform

180
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A Cg

uni f orm
uni form
struct
float arr[8] float4arr[8] float4x4 arr[4][ 4]
170
1
2
3.
4.
5.
a
b.
C.
d.
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6.
a 1
b.
1
7.
C uniform
uniform API
struct struct
0
Cg #i f #define ANSI C
#defi ne #i ncl ude
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GPU
Cg 2
FOO
FOO
API
PCSI Tl ON
2
in out
2
in out
2
Cg
st ruct
struct
2
3
a
[const] [in | out | inout]

<type><identifier>[ : <binding-semantic>[=<initializer>]
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a struct struct
struct
struct <struct-tag> {
<type> <identifier> : <binding-semantic>];

[*. .. % };
a
<type> <identifier> : <binding-semantic>][ =<initializer>]
struct 2
struct
a
<type><identifier>( <paraneter-list>)[ : <bindi ng-senmantic>]
{ <body>}
1 struct
struct struct
2
struct
struct
struct uniform
uniform
1 struct
184 808-00504-0000-003
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a
Q man
a
a
Cy
struct
st ruct
1 st ruct
struct <struct-tag> :
[*... * };
struct

A Cg

uniform
uniform 1
struct
uniform
1 struct

<allocation-rule-identifier> {

808-00504-0000-003
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struct
POSI TI ON
varying
varying in uniform
uniform in
varying out varying
sanpl er* const
C
a if wiile f or bool
a = C
a di scard
di scard
if while for
a i f
a
for whi | e
186 808-00504-0000-003
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if for while 72:

a for whil e

a . <typelD>(...)
1

fl oat4(scal ar, scalar, scalar, scalar)
float4(float3, scalar)

a T <typelD>(...)
1

float3x3(1, 2, 3, 4, 5, 6, 7, 8, 9)
float 3x3(float3, float3, float3)
float3x3(1, float2, float3, float3, 1, 1, 1)

a ()

a = b.xxyz; [/ A swi zzle operator exanple

% 1
% 2
1 xyzw = 0123 2 rgba = 0123
%
% 1

nyscal ar. xxx float 3(nyscal ar, nyscal ar, nyscal ar)

b.y
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(1).xxx or 1..xxx or 1.0.xxx or 1. 0f. xxx

float2(0,1).xxyy float4(0,0,1,1)

<t ype><r ows>x<col utms>
<mat ri xObj ect >. _nxrow><col >[ _nxrow><col >][...]

<r ow><col >
1 <r ow><col >
0

fl oat 4x4 nmyMatri x;
fl oat nmyFl oat Scal ar ;
float4 myFl oat Vec4;

/] Set nyFloatScalar to myMatrix[3][2].
nyFl oat Scal ar = nyMatri x. m 32;

/1 Assign the main diagonal of nyMatrix to myFl oat Vec4.

nmyFl oat Vec4 = nyMatri x. m 00_nill nR2_ nB3;

% D3DMatrix Cg m
1

<matri xObj ect >. _<r ow><col >[_<row><col >][...]

<row> <col > C 0
1 2

fl oat 4x4 nyMatri x;
fl oat4 nmyVec;

/] These two statenents are functionally equival ent:
nmyVec = nyMatrix. _nD0_nR23 _mll nB1;
myVec = nyMatrix. 11 34 22 42;

1
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A Cg

%
1
a ()
|IEEE
|IEEE
Cg C Cg C
[]
C + * %
unary
179
7
Mn][m n m
vin] n
-V[n] -> V[n]
-Mn] -> Mn]
Mn] * V[n] -> V[n] *
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7
Vin] / V[n] -> V[n] /
Vin] %V[n] -> V[n] %
V[n] + V[n] -> V[n] +
Vin] - V[n] ->V[n]
Mnl[m * Mn]l[n -> Mn][n *
Mnl[m / Mn]l[m -> Mn][n /
Mnl[m %Mn]l[n -> Mn][n %
Mnl[m + Mn]l[n -> Mn][n +
Mnl[m - Mn]l[n -> Mn][n]
&& || !
bool bool
bool
&& | C
< > <= >= | = ==
bool
bool true
1 false O
bool
bool
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+ - * | % ++ -- unary- unary+
% C ci nt
i nt 2
/ % cint int /
% C
Cg
Cc +=
?:
bool 2 3
a
] bool
a bool 2 4
bool
2 3 1
C 2 3

(typecast) ,
Cg C
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Cg
asnt
bool
catch
col utm maj or
const _cast
def aul t
do
dynam c_cast
enum
fal se
for
got o
in
int
matri x*
new
packed
pi xel shader *
public
return
sanpl er_state
sanpl er 3D
short
static
struct
tenpl ate
texture2D
t ext ur eRECT
true
typeid
uni on
vect or*
virtual
whi | e

asm fragnent
br eak

char
conpil e
conti nue
del ete
doubl e

el se
explicit
fixed
friend

hal f

inline
interface
mut abl e
oper at or
pass*
private
register
row nmj or
sanpl er 1D
sanpl er CUBE
si gned
static_cast
switch

t exture*
texture3D
this

try

t ypenane
unsi gned
vertexfragment *
voi d
__identifier (

auto

case

cl ass

const

decl *

di scard

dwor d*

em t

extern
float*

get

i f

i nout

| ong
nanmespace
out

pi xel fragment *
protected
rei nterpret_cast
sanpl er
sanpl er 2D
shared

si zeof
string*

t echni que*
texturelD

t ext ur eCUBE
t hr ow

t ypedef

uni form

usi ng

vert exshader*
volatile
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A Cg

GPU Cg
19 Cg
Cg
POSI TI ON HPCS
API 2
2
2
Cg
a 2
&
- posi nv
&
OUT_PCSI TION = mul (MVP, | N_PGCSI TI ON)
QUT_PCSI TI ON float4 PCsSI TI ON HPCS
I N_PCSI TI ON float4 PCsI TI ON
WP fl oat 4x4
uniform
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OpenGL
_GE_WWP

a
a 2

8 2

8
PCSI TI ON float4
PSI ZE fl oat
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A Cg

Cg
9 3
9
COLOR RGBA float4
COLORO COLOR )
DEPTH fl oat
[0,1] [0,1]
1.0 COLOR
10 Cg
Cg
DEPTH Cg
struct nyfragout put {
float2 mycol or COLOR; }
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t ypecast

G mycol or B A
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-1-..._“-“ e
Cg
Q DirectX 2.X vs 2 0 vs_2 x
Q DirectX 2X ps_2. 0 ps_2_x
Q OpenGL ARB ar bvpl
Q OpenGL ARB arbf pl
Q OpenGL NV_vertex_program 2.0 vp30
Q OpenGL NV_fragment_program f p30
Q DirectX 11 vs_ 1 1
Q DirectX 1x ps_ 1 1 ps_1 2 ps_1 3
Q OpenGL NV_vertex_program 1.0 vp20
Q OpenGL NV_texture shader NV _register_combiners f p20
165 Cg Cg
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DirectX 2.X vs 2 0 vs 2 X

DirectX 2.0 Cg DirectX 9 VS
20 1 DirectX 9VS2.0
a :

vs_2_0 DirectX9VS2.0

vs_2 x DirectX 9VS20
a .

-profile vs_2 0 -profile vs_2 x
vs_2 0 Vs_2 X
Cg
vs_ 2 0 DirectX VS 2.0
Cg vVs_2 X vs_2 0
DirectX 9
DirectX 9 256
256
256 /
2 32
1. DirectX VS 2.0
DirectX 9 SDK
198 808-00504-0000-003
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vs 2 0 if while do f or
VS20
Vs_2 X Dynam cFl owCont r ol Dept h
0 if while do
> < >= <= == |= | | &8 7?:

& | N ~
a float |IEEE 32
a half doubl e fl oat
a int
a fixed sanpl er*

uniform
uniform
const
1 4-float
float arr[10] float2 arr[10] float3 arr[10]
float4 arr[10] 10
floor
1
floor
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uniform
10 vs 2 0 vs_2 X uniform
10 vs_2 O/vs_2 x  uniform
regi ster(c0)-register(c255) [0..95]
C0- G255 c0-c95
varying /
POSI TI ON
0 15
11 vs_2 0O/vs_2_x varying
POSI TI ON PSI ZE
BLENDWEI GHT BLENDI NDI CES
NORMAL TEXCOORD
COLOR TANGENT
TESSFACTOR Bl NORIVAL
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12 vs_2 0 VSs_2 X varying
DirectX 9

12 vs_2 0/lvs_2 x varying

PCsSI TI ON - oPos
PSI ZE . oPts

FOG . oFog
COLORO- COLCR1 . oD0O oD1
TEXCOORDO- TEXCOORD? . 0oTO0-0T7

VS_2 X
Dynam cFl owCont r ol Dept h=<n> n=0 24 24
Nunfenps=<> 12<=n<=32 16
Pred cation true
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DirectX 2.X
ps 2 0 ps_2 X
DirectX 2.0 Cg DirectX
9PS2.0 2 DirectX 9 PS2.0
a

ps_2 0 DirectX 9PS2.0
ps_2 x DirectX 9PS2.0

]
-profile ps_2 0 -profile ps_2 x
ps_2_0 DirectX PS2.0
Cog ps_2_x ps_2_0
Cg
DirectX 9
Q PS20 ps_2.0 32
64
a PS2.0 ps_2_x 9% 1024
32 /
12 32
2. DirectX PS 2.0
DirectX 9 SDK
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a float |IEEE 32

O half fixed doubl e fl oat
hal f

QO int

Q sanpler*

vs 2 0 if while do for
VS20 Cg
ps_2_x
> < >= <= == |= | | &8 7?:
& | N —
uniform
13 ps_ 2.0 ps_2 x uniform

13 ps_2_0/ps_2_x uniform

regi ster(s0)-register(slb) Texunit n n [0..15]
TEXUNI TO- TEXUNI T15 sanpl er * uniform
regi ster(c0)-register(c3l) Texunit N N [0..31]
- 31 uniform
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varying /
14 ps_ 2 0 ps_2 x varying

14 ps_2 0/ps_2_x varying

COLORO 0 float4

COLOR1 1 float4

TEXCOORDO- TEXCOORDY float4
15 ps_2 0 ps_2 x varying

15 ps_2 0/ps_2_x varying

COLOR COLORO float4

DEPTH float 4

ps_2_x
NunTenps=<n> 12<=n<=32 32
Num nst ructi onSl ot s=<n> 96<=n<=1024 1024
Pr edi cat i on=<b> b=0 1 1
ArbitrarySa zzl e=<b> b=0 1 1
Gradi ent I nstructi ons=<b> b=0 1 1
NoDependent ReadLi m t =<b> b=0 1 1
NoTexl nstructionLi m t =<b> b=0 1 1

Col or 0
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OpenGL ARB ar bvpl
OpenGL ARB Cg
GL_ARB vertex_program 10
a ar bvpl
a : -profile arbvpl
arbvpl Cg
a arbvpl OpenGL
vp20
Q ARB vertex_program NV_vert ex_program DirectX 8
Cg
NV_vert ex_progr an®
OpenGL
arbvpl vp20 Cg OpenGL
vp20 dx8vs
Cg Cg
uniform ARB
OpenGL
OpenGL
gl state
ARB OpenGL
glstate 3
0
GL_MAX_LI GHTS 2 2
glstate.light[1].diffuse
3.
222 DirectX 11 vs_1 1
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16 fl oat 4x4 gl state

16 fl oat4x4 gl state
gl state. matri x. nodel vi ewf 0] gl state. matri x. proj ecti on
gl state. matri x. nvp gl state. matri x. t exture[ 0]
gl state. matri x. pal ette[ 0] gl state. matri x. prograni 0]
gl state. matrix.inverse. nodel view 0] |glstate.nmatrix.inverse.projection
gl state. matri x.i nverse. nvp gl state. matri x. i nverse.texture[0]
gl state. matri x. i nverse. pal ette[ 0] gl state. matri x. i nverse. prograni 0]
gl state. natrix. transpose. nodel vi ewf 0] gl state. matri x. transpose. proj ecti on
gl state. matri x. transpose. nvp gl state. matri x. transpose. texture[ 0]
gl state. matri x.transpose. palette[0] |glstate.matrix.transpose. progranf 0]
gl state. matrix.invtrans. nodel view 0] (gl state. matri Xx.invtrans. projection
glstate. matrix.invtrans. nvp gl state. matri x. i nvtrans.texture[0]
glstate. matrix.invtrans. pal ette[ 0] gl state. matri x. i nvtrans. prograni 0]

17 float4 gl state

17 float4 glstate
gl state. materi al . anbi ent gl state. material . di ffuse
gl state. materi al . specul ar gl state. material . enm ssion
gl state. mat eri al . shi ni ness gl state. material . front. anbi ent
glstate.material.front.diffuse gl state. material.front. specul ar
gl state.material . front. em ssion gl state. material . front. shininess
gl state. mat eri al . back. anmbi ent gl state. materi al . back. di f fuse
gl state. mat eri al . back. specul ar gl state. materi al . back. eni ssi on
gl state. mat eri al . back. shi ni ness gl state.light[0].anbient
glstate.light[0].diffuse gl state.light[0].specul ar
glstate.light[0].position gl state.light[0].attenuation
gl state.light[O].spot.direction glstate.light[O0]. half
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17 float4 glstate

gl state.|lightnodel . anbi ent gl state.lightnodel . scenecol or

gl state.lightnodel.front.scenecol or |glstate.lightnodel.back.scenecol or

gl state.lightprod[0].anbient gl state.lightprod[0].diffuse

gl state.lightprod[0].specul ar gl state.lightprod[0].front. anbi ent

glstate.lightprod[0].front.diffuse |[glstate.lightprod[QO].front.specular

gl state.lightprod[0].back. ambi ent gl state. lightprod[O0].back. diffuse

gl state. lightprod[0].back. specul ar gl state.texgen[0].eye.s

gl state.texgen[0].eye.t gl state.texgen[0].eye.r
gl state. texgen[0].eye.q gl state.texgen[ 0] . object.s
gl state.texgen[0].object.t gl state.texgen[0].object.r
gl state.texgen[0].object.q gl state. fog. col or
gl state. f og. parans gl state.clip[O].plane

18 fl oat gl state

18 float glstate

gl state. point.size gl state. point.attenuation
Q arbvpl
Q GL_MWP
a float ARB_vert ex_program
Q half fl oat
a fixed sanpl er*
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Cg

vp20
vp20 Cg
uniform OpenGL ar bvpl
ar bvpl vp20
Cg
gl Progr anPar anet er xxNV()
ARB
ARB gl TrackMat ri xNV() gl TrackMat ri xNV()
ar bvpl 1
gl state Cg
GL_ARB vertex OpenGL
Cg cgBi ndUni f ornSt at eMat ri x()
ar bvpl vp20 1
varying vp20
PCSI TION ATTRO NV_vertex_program Vertex
Attribute O 241
42 vp20 varying
ar bvpl ARB_vert ex_program
Attribute O
ar bvpl
ARB_vertex_program 210
20 arbvpl Vvarying
ar bvpl vp20 vp30
Cg Cg
#const
OpenGL
uniform
ARB
Cg #def aul t
Cg uniform
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uniform

19 arbvpl uniform

19 arbvpl uniform

regi ster(c0)-register(c255) n
Q0- C255 n [0..255]
c0-c255
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Cg

varying /
20 ar bvpl
arbvpl varying

uniform

POSI TI ON BLENDVEI GHT NORVAL COLORO COLCR1 TESSFACTOR
TEXCOORDO- EXCOORDY

PSI ZE BLENDI NDI CES

TEXCOORD6 TEXCOORDY TANGENT Bl NORVAL
ATTRO- ATTR15
20 arbvpl varying
PCSI TI ON Ver t ex
BLENDWEI GHT Wi ght ARB
Ver t ex\\ei ght EXT
NORVAL Nor mal
COLORO DI FFUSE Col or

COLOR1 SPECULAR

Secondar yCol or EXT

FOGCOORD

FogCoor dEXT

TEXCOORDO- TEXCOORDY

Mul ti TexCoor d
t excoor dO- t excoor d7

ATTRO- ATTR15

VertexAttrib
0-15

PSI ZE ATTR6
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21 arbvpl varying

ARB_vert ex_program 2

21 arbvpl varying

PCSI TI ON HPGS
PSI ZE PSI Z
FOG FOGC
COLORO COLO
COLORL COL1
BCOLO

BCOL1

TEXCOORDO- TEXCOORD7? TEXO- TEX7

ar bvpl COLORL
gl Enabl e( G._COLOR_SUM ARB)

varying
WPCS
Cg
arbvpl varying fp30
varying
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Cg

OpenGL ARB
ar bf pl
OpenGL ARB Cg
OpenGL G._ARB _fragnent _program 1.40
a : arbfpl
a : -profile arbfpl
arbfpl OpenGL ARB
Cg ar bf p1
Cg
OpenGL ARB ARB
ARB MAX_PROGRAM | NSTRUCTI ONS_ARB
OpenGL 72
24 OpenGL
48
24
16 OpenGL
4. OpenGL ARB
OpenGL Extensions ARB
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Q float |EEE 32
a half fixed doubl e fl oat
a int
Q sanpler*
ARB while do
for
ARB 1
> < > <= == |I= | | && 7
& | N ~
uniform
22 arbfpl uniform
22 arbfpl uniform
regi ster(s0)-register(slb) Texunit N N [0..15]
TEXUNI TO- TEXUNI T15 sanpl er * uniform
regi ster(c0)-register(c31) N N [0..31]
- 31 uniform
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Cg

varying /
23 ar bf p1

23 arbfpl varying

varying

COLORO

0 float4

COLORL

1 float4

TEXCOORDO- TEXCOORDY

float4

24 arbfpl

24 arbfpl varying

varying

COLOR COLORO

float4

DEPTH

float4

ARB

NumTlenps=<n>

Num nst ructi onSl ot s=<n>
NoDependent ReadLi m t =<b>
NumTex| nstructi onSl ot s=<n>

O OpenGL ARB

Q ARB

16<=n<=32 32
72<=n<=1024 1024
b=0 1 1

n >=24

OpenGL

214
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OpenGL NV _vertex_program 2.0 vp30
vp30 OpenGL NV_vert ex_progran?
Cg
a . vp30
a : -profile vp30
vp30 NV_vert ex_progran? Cg
vp30 Cg
vp30
Q GL_MWP
vp20 ar bvpl
a
Q float |EEE 32
a half fl oat
a int
a fixed sanpl er*
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Cg

vp20

Q for while
a

uniform
25 vp30

25 vp30

vp20

do

iflelse

uniform

vp30

vp30

uniform

vp20

CO- C255

regi ster(c0)-register(c255)

[0..255]
c0-c255

varying
26 vp30

TEXCOORD6

/

TEXCOCORD?

varying

TANGENT

Bl NORVAL
NV_vert ex_progran®

216
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26 vp30 varying

PCSI TI ON ATTRO 0
BLENDWEI GHT ATTRL
NORMAL ATTR2 2

COLORO DI FFUSE ATTR3

COLOR1 SPECULAR ATTR4

TESSFACTOR FOGCOORD
ATTR5

PSI ZE ATTR6

BLENDI NDI CES ATTR7

TEXCOORDO- TEXCOORD?

ATTR8- ATTR15 t excoor dO- t excoor d7 8-15
TANGENT ATTR14 14
Bl NORVAL ATTR15 15

27 vp30

27 vp30 varying

varying

NV_vert ex_progran?

POSI TI ON HPGS

PSI ZE PSI Z

FOG FOGC

COLORO COLO

COLORL COL1

BCCLO

BCOL1

808-00504-0000-003

NVIDIA

217




Cg

27 vp30 varying

TEXCOORDO- TEXCOCORD?

TEXO- TEX7
CLPO- CL5
varying
WPOS
Cg
vp30 varying fp30
varying
218 808-00504-0000-003
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OpenGL NV_fragment_program f p30

fp30 OpenGL
NV_fragnent _program Cg

a . fp30
a : -profile fp30
f p30 Cg

fixed s1.10
hal f s10e5

0 o

fixed half float

iflelse
] for whi | e

O

O
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Cg

uniform
28 f p30 uniform

28 fp30 uniform

regi ster(s0)-register(slb) TexunitN N [0..15]
TEXUNI TO- TEXUNI T15 sanpl er * uniform
regi ster(c0)-register(c31) N N [0..15]
- C31 uniform
varying /

29 f p30 varying

NV_f ragment _program

2
varying
POSI TION FOG PSIZE HPOS FOGC PSIZ
BCOLO BCOL1 CLPO- LP5
Cg vp30 varying
f p30 varying
29 fp30 varying
COLORO COLO 0 float4
COLOR1 COL1 1 float4
TEXCOORDO- TEXCOORD? float4
TEXO- TEX7
WPCS fl oat4
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30 fp2 varying

30 fp30 varying

COLOR COLORO COL float4
DEPTH DEPR f1 oat
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Cg

DirectX 1.1 vs 1 1
DirectX 11 Cg DirectX 8.1
DirectX 9VS1.1 5
a covs_1 1
a : -profile vs_1_1
vs 1 1 DirectX Cg
vs_1 1 Cg
DirectX 8
DirectX 8 128
128
96 /
12
a float |EEE 32
a half doubl e f | oat
a int

5. DirectX VS 1.1
DirectX 8.1 SDK
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a fixed sanpl er*
if while do for
VS11
>
< > <= == |I= | | && ?
& | N -~
uniform
uniform
const
1 4-float
float arr[10] float2arr[10] float3arr[10]
float4 arr[10] 10
floor
1
floor
Cg
Cg

223

808-00504-0000-003
NVIDIA



Cg

uniform

31 vs_ 1 1 uniform

31 vs_1 1 uniform
regi ster(c0O)-register(c95) [0..95]
Q0- C95 c0-c95
varying /

32 vs_1 1 uniform

DirectX 8.1

32 vs_1 1 varying

POSI TI ON vO
BLENDVEI GHT vl
BLENDI NDI CES v2
NORMAL v3
PSI ZE va
COLORO DI FFUSE v5
COLORL SPECULAR v6
TEXCOORDO- TEXCOORD? v7-v14
TANGENT' v1i4
BI NORVAL v15

i. TANGENT TEXCOORDY

224
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33  vs_ 1 x varying
DirectX 8.1

33 vs_1_1 varying
PCSI TI ON oPos
PSI ZE OPts
FOG oFog
COLORO- COLORL oD oDl
TEXCOORDO- TEXCOORD? 0T0-oT7
DirectX 9 vs_1_1 varying
dcl

dcl

-profileopts dcls

225
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Cg

DirectX 1.X
ps 1 1 ps 12 ps 1 3
DirectX 1x Cg DirectX
PS11 12 13
a

ps_1 1 DirectX PS1.1
ps_1 2 DirectX PS1.2
ps_1_3 DirectX PS1.3

a

-profile ps_1_1

-profile ps_1_2

-profile ps_1_3

dx8ps ps_1 1
DirectX 1x
DirectX PS1.4 Cg
ps_1 x ps_1 1 ps_1 2 ps_1_3
Cg
6 Cg
Cg ps_1_2 ps_1_3
ps_1_3
DirectX 1x
2
Cg
4 8
Cg
6. DirectX
11 12 13 MSDN
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ps_1_x
a
a
z=(x-05+y)/ 2
Cg
x tO z r0
add_d2 r0, tO_bias, t1
34 DirectX 1x Cg
DirectX 1x
34 ps_1_x
/ Cg
instr_x2 2*x
instr_x4 4*x
instr_d2 x/ 2
instr_sat sat ur at e(x) mn(x, max(x, 1), 0)
reg_bias x-0.5
l-reg 1-x
-reg - X
reg_bx2 2*(x-0.5)

808-00504-0000-003

NVIDIA

227




Cg

ps_1 x MaxPi xel Shader Val ue
MaxPi xel Shader Val ue
MaxPi xel Shader Val ue DirectX

DirectX 1x

DirectX 1x Cg
a

xbor wyl.g .zl.b .w.a

.xyl.rg .xyz/.rgh .xyzw .rgba

CXxx/.rrro.yyyl.ggg .zzz/.bbb .ww . aaa

CXxxx/.rrrr .yyyy/l.gggg .zzzz/. bbbb . www . aaaa
a < <= > >=

< <= > >=
?:

a
a / 0 ps_1 3
Qa %
a 3 ?:

uniform [-0.5, 1.0]

a>05?b: c
Q do for whi | e
a
QO discard
clip()
a struct allocation-rule-identifier
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DirectX

Cg

35

35

Cg

dot (floatN, floatN)

lerp(floatN, floatN,

fl oat N)

lerp(floatN, floatN,

float)

tex1D(sanpl er 1D, fl oat)

tex1D(sanpl er 1D, fl oat2)

t ex1Dpr oj (sanpl er 1D,

fl oat 2)

t ex1Dpr oj (sanpl er 1D,

fl oat 3)

tex2D(sanpl er 2D, fl oat 2)

tex2D(sanpl er 2D, fl oat 3)

t ex2Dpr oj (sanpl er 2D,

fl oat 3)

t ex2Dpr o (sanpl er 2D,

fl oat4)

t exRECT( sanpl er RECT,

fl oat 2)

t exRECT( sanpl er RECT,

fl oat 3)

t exRECTpr oj ( sanpl er RECT, fl oat 3)

t exRECTpr oj ( sanpl er RECT, fl oat4)

tex3D(sanpl er 3D, fl oat 3)

t ex3Dpr oj (sanpl er 3D,

fl oat 4)

t exCUBE( sanpl er CUBE,

fl oat 3)

t exCUBEpr oj ( sanpl er CUBE, fl oat4)
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Cg

ps_1_x
36
36
t ex1Dpr 0j Xwi/.ra
t ex2Dpr 0j Xyw/.rga
t exRECTpr oj Xyw/.rga
t ex3Dpr 0j Xyzw/.rgba
t exCUBEpr 0j Xyz/.rgba
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Cg uniform /
uniform
uniform /
uniform
TEXUNI T<n>
TEXCOORD<n>
DirectX 1x
uniform
uniform
uniform
Cyg
Xyz w Cg
X uniform
37 ps_1_x uniform
37 ps_1_x uniform
regi ster(s0)-register(s3) N N [0..3]
TEXUNI TO- TEXTUNI T3 sanpl er* uniform
register(cO)-register(c7) [0..7]
Q- C7
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Cg

varying /
ps_1 x varying vs_1 1
varying
ps_1_x varying
COLORO COLOR1 TEXCOORDO TEXCOORDL TEXCOORD2 TEXCOORD3
DirectX
38 ps_1_x varying

38 ps_1 x varying

TEXCOORDS TEXCOORD6

COLOR COLORO vO
COL COLo
COLORL vl
CaL1
TEXCOORDO- TEXCOCORD3 t0-t3
TEXO- TEX3
ps_1_x PCSI TION FOG PSI ZE TEXCOORD4

vs_11
varying

39 ps_1 x

39 ps_1 x varying

TEXCOORD7  varying

Cg
varying ps_1_x

varying

COLOR COLORO float4
COL COLo

DEPTH fl oat
DEPR

232
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ps_1_3

float4 t = <texture addressing operation>;
float z dot (t exCoord<n>, t.xyz);

float w = dot (texCoord<n+1>, t.xyz);

depth =z / w

DirectX 1x

ps1x Cg

40

40 ps_1 x

of f set t ex2D(uni form sanpl er 2D tex, float2 st,
float4 prevl ookup, uniformfloatd4d m
of f set t exRECT(uni f orm sanpl er RECT tex, float2 st,
float4 prevl ookup, uniformfloatd4 n)

float2 newst = st + mxy * prevl ookup. xx + mzw * prevl ocokup. yy;
return tex2D RECT(tex, newst);

st t ex
prevl ookup
m 2-D
ps_1 x t exbem
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Cg

40 ps_1_x

of f sett ex2DScal eBi as(uni form sanpl er2D tex, float2 st,
float4 prevl ookup, uniformfloatd4 m
uni form float scale, uniformfloat bias)
of f sett exRECTScal eBi as(uni form sanpl er RECT tex, float2 st,
float4 prevl ookup, uniformfloat4 m
uniformfloat scale, uniformfloat bias)

float2 newst = st + mxy * prevl ookup. xx + mzw * prevl ookup. yy;
float4 result = tex2D RECI(tex, newst);
return result * saturate(prevl ookup.z * scal e + bias);

st t ex
pr evl ookup
m 2-D
scale 2-D
bias 2-D
ps_1 x t exbeni

tex1D dp3(sanplerlD tex, float3 str, float4 prevl ookup)

return texl(tex, dot(str, prevlookup. xyz));

str t ex
prevl ookup
ps_1 2 ps_1 3 t exdp3t ex

234
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40 ps_1 x

tex2D _dp3x2(uni form sanpler2D tex, float3 str,
float4 internediate_coord, float4 prevlookup)
t exRECT_dp3x2(uni form sanpl er RECT tex, float3 str,
float4 internediate_coord, float4 prevlookup)

float2 newst = float2(dot (i nternedi ate_coord. xyz, prevl ookup. xyz),
dot (str, prevl ookup. xyz));
return tex2D RECT(tex, newst);

str tex
prevl ookup
i ntermedi ate_coord

ps_1 x
t exmBx2pad/ t exnBx2t ex

t ex3D_dp3x3(sanpler3D tex, float3 str,
float4 internediate_coordl,
float4 internediate_coord2, float4 prevl ookup)
t exCUBE_dp3x3(sanpl er CUBE tex, float3 str,
float4 internediate_coordl,
float4 internediate_coord2, float4 prevl ookup)

float3 newst = float3(dot (i nternedi ate_coordl. xyz, prevl ookup. xyz),
dot (i nternedi at e_coord2. xyz, prevl ookup. xyz),
dot (str, prevl ookup. xyz));

return tex3D QBHtex, newst);

str t ex
prevl ookup
internmedi ate_coordl n-2

intermedi ate_coord2 n-1

ps_1 x t exm8x3pad/
t exmBx3pad/ t exnBx3t ex
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Cg

40 ps_1_x

t exCUBE_refl ect _dp3x3(uniform sanpl er CUBE tex, float4 strq,
float4 internediate_coordl,
float4 internediate_coord2,
fl oat4 prevl ookup)

float3 E = fl oat 3(i nternedi at e_coord2. w internedi ate_coordl. w
strg.w;
float3 N = fl oat 3(dot (i nternedi at e_coordl. xyz, prevl ookup. xyz)
dot (i nter nedi at e_coord2. xyz, prevl ookup. xyz)
dot (strqg. xyz, prevl ookup. xyz));
return texdBHtex, 2 * dot(N B / dot(N N * N- B);

strq t ex
pr evl ookup
internmedi ate_coordl n-2

internmedi ate_coord2 n-1

ps_1 x t exm8x3pad/
t exmBx3pad/ t exnBx3vspec
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40 ps_1 x

t exCUBE_r ef | ect _eye_dp3x3(uni f orm sanpl er CUBE t ex,

float3 str, float4 internedi ate_coordl,
float4 internedi ate_coord2,

float4 prevl ookup, uniformfloat3 eye)

float3 N = fl oat 3(dot (i nt er nedi at e_coor d1. xyz, prevl ookup. xyz),
dot (i nt er nedi at e_coor d2. xyz, prevl ookup. xyz),
dot (coords. xyz, prevl ookup. xyz));

return texOBEtex, 2 * dot(N E) / dot(N N * N- B;

strq t ex
prevl ookup
internmedi ate_coordl n-2

intermedi ate_coord2 n-1
eye

ps_1 x t exn8x3pad/
t exmBx3pad/ t exmBx3spec

tex_dp3x2_depth(float3 str, float4 internedi ate_coord,
float4 prevl ookup)

float z = dot (internedi ate_coord.xyz, prevl ookup. xyz);
float w= dot(str, prevlookup.xyz);
return z / w

str n
intermedi ate_coord n-1

prevl ookup

ps_1 3 varyring DEPTH
t exmBx2pad/t exnBx2dept h
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Cg

Cg DirectX 1x

1

struct VertexQut {
float4 col or : COLORO;
float4 texCoordO : TEXCOORDO;
float4 texCoordl : TEXCOORDL;
It
float4 mai n(VertexQut IN,
uni f orm sanpl er 2D di f f useMap,
uni f orm sanpl er 2D nor mal Map) : COLOR

float4 diffuseTexCol or = tex2D(di ffuseMap, | N.texCoordO0. xy);
float4 normal = 2 * (tex2D(nornmal Map, |N. texCoordl. xy)-0.5);
float3 light_vector = 2 * (INcolor.rgb - 0.5);
float4 dot_result = saturate(dot(light_vector,

nor mal . Xyz) . Xxxx) ;
return dot _result * diffuseTexCol or;

2

struct VertexQut {
float4 texCoord0O : TEXCOORDO;
float4 texCoordl : TEXCOORDI1;
float4 texCoord2 : TEXCOORD2;
float4 texCoord3 : TEXCOORDS;

i

float4 mai n(VertexQut IN,
uni f orm sanpl er 2D nor nal Map,
uni f orm sanpl er 2D i nt ensi t yMap,
uni f orm sanpl er 2D col or Map) : COLOR

float4 normal = 2 * (tex2D(normal Map, | N. texCoord0. xy)-0.5);
float2 intensCoord = fl oat 2(
dot (I N. t exCoordl1. xyz, normal . xyz),
dot (I N. t exCoor d2. xyz, normal .xyz));
float4 intensity = tex2D(i ntensityMap, intensCoord);
float4 col or = tex2D(col or Map, | N. texCoord3. xy);
return color * intensity;
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OpenGL NV _vertex_program 1.0 vp20
vp20 OpenGL  NV_vert ex_program
Cg
7
a : vp20
a : -profile vp20
vp20 Cg
vp20 NV_vert ex_program Cg
NV_vertex_program DirectX 8
Cg
DirectX VS 1.1 8
vp20 DirectX VS 1.1
vp20 2
BFCO
BFCL
a vp20
a G_MWP

7. NV_vertex_program vp20
GL_NV_vertex_program
8.
222 DirectX 11 vs_1 1
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Cg

Q float |IEEE 32
Q half doubl e fl oat
Q int
a fixed sanpl er *
uniform
41 vs20 uniform

41 vp20 uniform

register(c0)-register(c95) [0..95]
C0- C95 c0-c95
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varying /

42 vp20 varying

TEXCOORDG TEXCOORD? TANGENT Bl NORMAL
2 ATTRO- ATTRL5
2

42 vp20 varying
PCSI TI ON ATTRO 0
BLENDWEI GHT ATTRL 1
NORMAL ATTR2 2

COLORO DI FFUSE ATTR3

COLOR1L SPECULAR ATTR4

TESSFACTOR FOGCOCORD ATTR5

PSI ZE ATTR6

BLENDI NDI CES ATTR7

TEXCOORDO- TEXCOORD?

ATTR8-ATTR15 t excoor dO- t excoor d7 815
TANGENT ATTR14 14
Bl NORVAL ATTR15 15

43 vp20

43 vp20 varying

varying

NV_vertex_program

PCSI TI ON  HPGS

PSI ZE PSI Z

FOG FOGC
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NVIDIA

241




Cg

43 vp20 varying

COLORO COLO

COLOR1L COL1

BCOLO

BCOL1

TEXCOORDO- TEXCOORD3, TEXO- TEX3

varying
WPQOS

vp20
varying

varying

Cg
fp30
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OpenGL NV _texture shader

NV _register_combiners fp20
OpenGL NV _texture_shader NV _register_combiners
OpenGL NV _texture_shader NV _register_combiners Cg
nvpar se
9
a : fp20
a : -profile fp20
f p20 Cg
fp20 2
Cg
Cg
Cg
4 8
Cg
f p20
a
a
250
9. NV _texture_shader
NV _register_combiners OpenGL
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Cg

z =(x- 05+y)/ 2

Cg
x tex0 y texl z «colO
rgb

{
di scard = hal f_bi as(tex0. rgb);
di scard = texl.rgb;

col 0 = sum();
scal e_by one_hal f();
}
al pha
{

di scard = hal f_bi as(tex0. a);
di scard = texl. a;

col0 = sunm();

scal e_by one_hal f();

}

44 NV_texture_shader NV _register_combiners
Cg
NV _texture shader
NV _register_combiners

44 NV_texture_shader NV _register_combiners
/ Cg
scale_by_two() 2* X
scale_by_four() 4*x
scale_by_one_half() x/ 2
bias_by _negative_one_half() x-0.5
bias_by negative_one_half_scale_by two() |2* (x- 0. 5)
unsigned(r eg) sat ur at e( x)
mn(x, max(x, 1), 0)
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44 NV_texture_shader

NV _register_combiners

/

Cg

unsigned_invert(r eg)

1-saturate(x)

half_bias(r eg)

x-0.5

-reg - X
expand(r eg) 2*(x-0.5)
f p20 -1
NV _texture_shader
NV _register_combiners
fp20 Cg
a

xXb.r oyl.g .z/.b .w.a

.xyl.rg .xyz/l.rgb .xyzw .rgba

XXX Lrrr

CXXXX[Lrrrr

.yyy/.ggg .zzz/.bbb .ww . aaa

.yyyy/.gggg .zzzz/.bbbb .www . aaaa

a
a < <= > >= <
<= > >= ?:
a
a /
a %
a 3
uniform [-0.5, 1.0]
a>05?b: c
Q do for whil e
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Cg

a
Q discard
clip()
a struct
f p20
45
45

allocation-rule-identifier

Cg

Cg

dot (floatN, floatN)

lerp(floatN, floatN, floatN)

lerp(floatN, floatN, float)

tex1D(sanpl er 1D, fl oat)

tex1D(sanpl er 1D, fl oat2)

t ex1Dpr oj (sanpl er 1D, fl oat 2)

t ex1Dpr oj (sanpl er 1D, fl oat 3)

tex2D(sanpl er 2D, fl oat 2)

tex2D(sanpl er 2D, fl oat 3)

t ex2Dpr oj (sanpl er 2D, fl oat 3)

t ex2Dpr oj (sanpl er 2D, fl oat4)

t exRECT( sanpl er RECT, fl oat2)

t exRECT( sanpl er RECT, fl oat 3)

t exRECTpr oj ( sanpl er RECT,

fl oat 3)

t exRECTpr oj ( sanpl er RECT,

fl oat 4)

tex3D(sanpl er 3D, fl oat 3)

t ex3Dpr oj (sanpl er3D, fl oat4)
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45

t exCUBE( sanpl er CUBE, fl oat 3)

t exCUBEpr oj ( sanpl er CUBE, fl oat4)

w 1
f p20

46

46
t ex1Dpr 0j Xwi/.ra
t ex2Dpr 0j Xyw/.rga
t exRECTpr oj Xyw/.rga
t ex3Dpr 0j Xyzw/.rgha
t exCUBEpr 0j Xyz/.rgba
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Cg

Cg uniform /

uniform

uniform /

uniform  sampler

TEXUN T<n>
TEXCOORD<n> /
NV _texture shader
uniform
uniform
uniform
Cg
Xyz w Cg
X uniform
47  fp20 uniform
47 fp20  uniform
regi ster(s0)-register(s3) N N [0..3]
TEXUNI TO- TEXTUNI T3 sanpl er * uniform
ps_1 x C<n>/r egi st er (c<n>)
uniform
NV_r egi st er _conbi ners
fp20
NV_r egi st er _conbi ners
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varying /
fp20

varying
f p20

varying

varying

COLOR0O COLOR1 TEXCOORDO TEXCOORD1 TEXCOORD2

48 fp20

48 fp20 varying

varying

vp20

TEXCOCORD3

COLOR COLORO
CcoL CaLo

vO

COLOR1
oLl

vl

TEXCOORDO- TEXCOORD3
TEXO- TEX3

t0-t3

FOGP
FOG

f p20
TEXCOORD5 TEXCOORD6

varying

49  fp20

49 fp20 varying

varying
TEXCOORD7
Cg

varying fp20

varying

PCSI TI ON PSI ZE TEXCOORD4

vp20

COLOR COLORO
CcoL CaLo

float4

DEPR
DEPTH

float4
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Cg

float4 t = <texture shader operation>;
float z dot (t exCoord<n>, t.xyz);
float w = dot (texCoord<n+1>, t.xyz);
depth =z / w

NV _texture shader

fp20 Cg

50

50 fp20

of fsettex2D(uni form sanpl er2D tex, float2 st,
float4 prevl ookup, uniformfloatd4d m

of f sett exRECT(uni form sanpl er RECT tex, float2 st,
float4 prevlookup, uniformfloat4 m

float2 newst = st + mxy * prevl ookup. xx + mzw * prevl ocokup. yy;
return tex2D RECT(tex, newst);

st tex
prevl ookup
m
of fset _2d of fset _rectangle
NV_texture_shader
250 808-00504-0000-003
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50 fp20

of f set t ex2DScal eBi as(uni f orm sanpl er2D tex, float2 st,
float4 prevl ookup, uniformfloatd4 m
uni form float scale, uniformfloat bias)
of f set t exRECTScal eBi as(uni form sanpl er RECT tex, float2 st,
float4 prevlookup, uniformfloatd4 m
uniformfloat scale, uniformfloat bias)

float2 newst = st + mxy * prevl ookup. xx + mzw * prevl ookup. yy;
float4 result = tex2D RECT(tex, newst);
return result * saturate(prevl ookup.z * scal e + hias);

st t ex
prevl ookup
m
scal e
bi as
of fset _2d_scal e of fset _rectangl e_scal e

NV_texture_shader

tex1D dp3(sanplerlD tex, float3 str, float4 prevl ookup)

return texl(tex, dot(str, prevlookup.xyz));

str t ex
prevl ookup
dot _product _1d NV_texture_shader
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50 fp20

tex2D_dp3x2(uni f orm sanpl er2D tex, float3 str,
float4 internediate_coord, float4 prevlookup)
t exRECT_dp3x2(uni form sanpl er RECT tex, float3 str,
float4 internedi ate_coord, float4 prevl ookup)

float2 newst = fl oat2(dot (i nternedi ate_coord. xyz, prevl ookup. xyz),
dot (str, prevl ookup. xyz));
return tex2D RECT(tex, newst);

str tex
prevl ookup
i ntermedi ate_coord

dot _product _2d dot _product_rectangl e
NV_texture_shader

tex3D _dp3x3(sanpler3D tex, float3 str,
float4 internedi ate_coordl,
float4 internedi ate_coord2, float4 prevl ookup)
t exCUBE_dp3x3(sanpl er CUBE tex, float3 str,
float4 internedi ate_coordl,
float4 internedi ate_coord2, float4 prevl ookup)

float3 newst = float 3(dot (i nternedi ate_coordl. xyz, prevlookup. xyz),
dot (i nternedi at e_coord2. xyz, prevl ookup. xyz),
dot (str, prevl ookup. xyz));

return tex3D QBHtex, newst);

str t ex
prevl ookup
intermedi ate_coordl n-2

intermedi ate_coord2 n-1

dot _product _3d dot _product _cube_nap
NV_texture_shader
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50 fp20

t exCUBE_r ef | ect _dp3x3(uni form sanpl er CUBE tex, float4 strq,

float4 internedi ate_coordl,
float4 internedi ate_coord2,
fl oat4 prevl ookup)

float3 E = fl oat 3(i nternedi at e_coor d2. w i nternedi ate_coor dl. w
strg.w;
float3 N = fl oat 3(dot (i nternedi at e_coordl. xyz, prevl ookup. xyz),
dot (i nternedi at e_coord2. xyz, prevl ookup. xyz),
dot (strqg. xyz, prevl ookup. xyz));
return texdBEtex, 2 * dot(N B) / dot(N N * N- B;

strq t ex
prevl ookup
internedi ate_coordl n-2

intermedi ate_coord2 n-1

dot _product _reflect_cube_nap_eye fromags
NV_texture_shader
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Cg

50 fp20

t exCUBE_ref | ect _eye_dp3x3(uni form sanpl er CUBE t ex,
float3 str,
float4 internedi ate_coordl,
float4 internedi ate_coord2,
float4 prevl ookup,
uni form fl oat 3 eye)

float3 N = fl oat 3(dot (i nternedi at e_coor d1. xyz, prevl ookup. xyz),
dot (i nt ernedi at e_coor d2. xyz, prevl ookup. xyz),
dot (coords. xyz, prevl ookup. xyz));

return texOBEtex, 2 * dot(N B / dot(N N * N- B);

strq t ex
prevl ookup
intermedi ate_coordl n-2

internmedi ate_coord2 n-1
eye

dot _product _refl ect_cube_nmap_const _eye
NV_texture_shader

tex_dp3x2_depth(float3 str, float4 internedi ate_coord,
float4 prevl ookup)

float z = dot (interned ate_coord.xyz, prevl ookup. xyz);
float w=dot(str, prevlookup.xyz);
returnz / w

str n
intermedi ate_coord n-1

prevl ookup
varying DEPTH
dot _product _depth_repl ace NV_texture_shader
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Cg NV _texture_shader
NV _register_combiners

1

struct VertexQut {
float4 col or ;. COLORO;
float4 texCoord0 : TEXCOORDO;
float4 texCoordl : TEXCOORDI1;
}s

float4 main(\VertexQut I|N,
uni f orm sanpl er 2D di f f useMap,
uni form sanpl er 2D nor nal Map) : COLOR

float4 diffuseTexCol or = tex2D(diffuseMap, |N.texCoordO0.xy);
float4 normal = 2 * (tex2D(normal Map, |N.texCoordl. xy)-0.5);
float3 light_vector =2 * (IN.color.rgb - 0.5);
float4 dot_result = saturate(

dot (1 i ght _vector, normal.xyz).xxxx);
return dot _result * diffuseTexCol or;

2

struct VertexQut {
float4 texCoord0 : TEXCOORDO;
float4 texCoordl : TEXCOORD1;
float4 texCoord2 : TEXCOORDZ;
float4 texCoord3 : TEXCOORDS;

}s

float4 mai n(VertexQut [N,
uni f orm sanpl er 2D nor mal Map,
uni f orm sanpl er 2D i nt ensi t yMap,
uni form sanpl er 2D col or Map) : COLOR

float4 normal = 2 * (tex2D(normal Map, | N.texCoordO0. xy)-0.5);
float2 intensCoord = fl oat2(
dot (I N. t exCoordl1. xyz, normal . xyz),
dot (I N. t exCoord2. xyz, normal .xyz));
float4 intensity = tex2D(i ntensityMap, intensCoord);
float4 color = tex2D(col or Map, | N.texCoord3. xy);
return color * intensity;
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Cyg C C++

Java
GPU
CPU
GPU
Cg GPU
GPU
C C++
Cg GPU
Cg NVIDIA  GeForce FX
vp30 fp30 arbfpl ps_2 0 ps_2 x vs_ 20
VS_2_X
GPU 1 4
4 2
float4 a, b;
2

float4 ¢ = a+b;

2

float d = a.x + b.Xx;
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Cg

2
float4 2
float4 ¢ = float4(a.x + b.x, a.x + b.y, a.z + b. z,
a.w+ b.w;
float4 c = a+b;
X
y z
C C++
/] Tangent, binormal, nornmal. Passed in fromvertex program
Float3 T, B, N;
Fl oat 3 Nounp; /1 Bunp- mapped nor nal

Fl oat 3 bunp = tex2D( bunpSanpl er, uv);

Nounp. x = bunp.x * T.x + bunp.y * B.x + bunp.z * N x;
Nounmp.y = bunp.x * T.y + bump.y * B.y + bunp.z * Nvy;
Nounp.z = bunp.x * T.z + bump.y * B.z + bunp.z * N. z;

float3 fl oat 3
float3 2

Nounp = bunp.x * T + bunmp.y * B + bunp.z * N;

GPU
float3 a = float3(0, 1, 2);
a.xxx = float3(0, 0, 0);
a.yzz = float3(1, 2, 2);
a.zy = float2(2, 1);
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ccyg 9

2
2 3
2
float3 a, b;
float3 ¢ = float3(a.y*b.z - a.z*b.y, a.z*b.x - a.x*b.z,
a.x*b.y - a.y*b.x);
f | oat
Cg
cross() 2 1
float3 cross(float3 a, float3 b) {
return a.yzx * b.zxy - a.zxy * b.yzx;
}
GPU
Cg
GPU
2 dot ()
abs() 0 1 saturate()
1 m n() max()
GPU
float mydot(float3 a, float3 b) {
return a.x*b.x + a.y*b.y + a.z*b. z;
}
dot ()
1
2 abs()
GPU
saturate()
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Cg

f(x,y)
Xy 0 1 f(x,y)
0 1
float val = f(x,y);
float val = tex2D(fSanpler, float2(x, y)).X;
1D 3D 1
3
[0, 1]
remapTo01() [1 ow, hi gh] [0, 1]
remapFron01()
float4 renmapToOl(float4 v, float4 low, float4 high) {
return saturate((v - low)/ (high-Ilow));
}
float4 remapFronDl(float4 v, float4 |low, float4 high) {
return lerp(low, high, v);
}
2 f1 oat
1 2 1
remap* ()
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ccyg 9

NVIDIA

S.
fixed
hal f hal f
fl oat hal f fl oat
Lambertian Blinn Phong
0
a dot ()
a [0, 1]
max() saturate()
max(0, dot (N, L))
1 N L
saturate(dot (N, L))
saturate() 259 3.Cg
a lit() lit()
Blinn
3
%
%
%
4
L ooX w 1
Loy 0
0
L oz
0 0
Cg
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varying
3
a
a
GPU
a
Gourand
uniform
CPU uniform
float3 CPU
normal i ze(li ghtvector)
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CCg 9
fl oat 3x3 m

float3 v

mul (v, m;

mul (transpose(m, Vv);

GPU

iflelse
CPU
1
iflelse
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Cg
Cg cgc. exe
-profile prof
pr of
Q -profileopts profopts

O

Q -entry fnane

main f nane

QO -o fnane
f name

Q -Dmacro[ =val ue]

nmacr o val ue
a - pathname
a -I filenanme

fil enamne

Q -strict
O -nofx

CgFX
Q -quiet

st dout
Q -nocode
O -nostdlib

stdlib.h
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Cg

Q -1 ongprogs
QO -debug
debug()
a -v
st dout
a -h
Q -maxunrollcount N
N N
256
Q -posinv
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& & FEEFEE

E FEEEEEEE

268
268
268
268
269
269
269

269
270
270
270
270
271
271
271
271

dot3x2
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101 105
23 -

109 114
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119 124
25 -

127 9 134

26 - 9
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Cg

dot3x2
136 dot3x2 140

27 - dot3x2

144 146

28
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149 155
29 -

158 161

30 -
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abs() 259
ANSI C

Cg 165

Cg 166
arbfpl 212
arbvpl 205
array 172

B

Blinn-Phong 119
bool , 172

bool 11

C
C++ Cg 165
cfloat 172
Cg
89

Xii
19
Cg_Simple 89
cgc.exe Cg 265
cgD3D9EnableParameterShadowing()
CGerror
Direct3D 86
OpenGL 57
Cg
cgc.exe 265
265
Cg 19
Cg 29
API 45
Direct3D 57
cgD3D9GetLastError() 87
CGerror 86
87
86

74

87
84

Direct3D cgD3D9EnableDebugTracing() 85

Direct3D cgD3D9TranslateHRESULT() 87

Direct3D HRESULT 86

Direct3D 69
cgD3D8LoadProgram() 75
cgD3D8SetSamplerState() 74
cgD3D9BindProgram() 76
cgD3D9EnableParameterShadowing() 74
cgD3D9GetDevice() 70
cgD3D9GetLatestPixelProfile() 77
cgD3D9GetLatestVertexProfile() 77
cgD3D9GetOptimalOptions() 77
cgD3D9lIsParameterShadowingEnabled()

74

cgD3D9lIsProgramLoaded() 76
cgD3D9LoadProgram() 75
cgD3D9SetDevice() 70
cgD3D9SetSamplerState() 73
cgD3D9SetTexture() 73
cgD3D9SetTextureWrapMode() 74
cgD3D9SetUniform() 72
cgD3D9SetUniformArray() 73
cgD3D9SetUniformMatrix() 72
cgD3D9SetUniformMatrixArray() 73
cgD3D9UnloadProgam() 76

Direct3D 8 81
Direct3D 9 78
Direct3D 70
70
77
72
sampler 73
uniform 72
73
78
75
77
Direct3D 57
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Cg

62
60

cgD3D8ResourceToDeclUsage()
cgD3D8ValidateVertexDeclaration()

cgD3D9EnableParameterShadowing() 74

cgD3D9GetDevice() 70

cgD3D9ResourceToDeclUsage() 62 cgD3D9GetLatestPixelProfile() 77
cgD3D9ValidateVertexDeclaration() 60 cgD3D9GetLatestVertexProfile() 77
Direct3D 8 67 cgD3D9GetOptimalOptions() 77
Direct3D 8 58 cgD3D9IsParameterShadowingEnabled()
Direct3D 9 64 74
Direct3D 9 58 cgD3D9IsProgramLoaded() 76
63 cgD3D9LoadProgram() 75
57 cgD3D9SetDevice() 70
63 cgD3D9SetSamplerState() 73
64 cgD3D9SetTexture() 73
OpenGL 46 cgD3D9SetTextureWrapMode() 74
57 cgD3D9SetUniform() 72
OpenGL 54 cgD3D9SetUniformArray() 73
OpenGL 46 cgD3D9SetUniformMatrix() 72
32 cgD3D9SetUniformMatrixArray() 73
32 cgD3D9UnloadProgam() 76
46 Direct3D 8 81
33 Direct3D 9 78
34 Direct3D 70
32 70
34 77
29 72
32 sampler 73
Cg uniform 72
30 73
cint 172 78
C 75
182 77
57
D cgD3D8ResourceToDeclUsage() 62
Direct3D Cg 57 cgD3D8ValidateVertexDeclaration() 60
cgD3D9EnableDebugTracing() 85 cgD3D9ResourceToDeclUsage() 62
cgD3D9GetLastError() 87 cgD3D9ValidateVertexDeclaration() 60
cgD3D9TranslateHRESULT() 87 Direct3D 8 67
CGerror 86 Direct3D 8 58
HRESULT 86 Direct3D 9 64
87 Direct3D 9 58
86 63
87 57
69 63
cgD3D8LoadProgram() 75 64
cgD3D8SetSamplerState() 74 84
cgD3D9BindProgram() 76 Direct3D DLL 85
DirectX 11 222
274 808-00504-0000-003

NVIDIA



DirectX 2.X
DirectX 1.x
226
DirectX 2.X
202
dot() 259
dx8ps 226

F
fixed 172
fixed 11

float 171

float 10

for 186
fp20 243
fp30 219

G
GL_ARB_vertex 205

H

half 171
half 11

if 186
int 171
int 11

J
Java Cg 165

M
min() 259

@)
OpenGL CGerror 57
OpenGL Cg 46
OpenGL 54
57
46
OpenGL
ARB 205
ARB 212

198

NV_fragment_program 219
NV_register_combiners 243
NV_texture_shader 243
NV_vertex_program 239
NV_vertex_program 2.0 215

P
packed 172

ps_1_x 226
ps_2 0 202
ps_2 X 202

R
Renderman Cg 165

S

sampler 172
sampler 11
saturate() 260
simple.cg
93
92
93
sinh(x) 23
Sin 146 158
Stanford Cg
165
struct
185

U

uniform 5
uniform 169

\Y
varying 5
void 172
vp20 239
vp30

vp20 215
vs 11 222
vs 2 0 198
Vs _2 X 198
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w 11 176
Web NVIDIA  xviii 176
while 186 176
176
177
193 176
134 170
135 24
171
15
19
169
C 165 -
13 28
27
16 1
189 170
14
17
16 14
15
14
189 181
171
170
Cg 168 o4
11
15
9 263
128 161
130 ™
" 14 162
189
1l 174 146
175 146
const 175 174
in 175
out 175 149
178 150
179 151
19
179
178
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182

262

Cg 35
Cg 35
187

12
183
92
Cg
265

Cg 35

-debug 266
-Dmacro 265
-entry 265
-h 266

-lpathname
-l flename 265
-longprogs 266
-maxunrollcount
-nocode 265
-nofx 265

-nostdlib 265
-0 265

-profile 265
-profileopts
-quiet 265
-strict 265
-v 266

265

266

265

265
174

13

158

159
14 191
189
189
97
133
simple.cg 90
134
101
98
161
146
149
158
155
152
dot3x2
136
140
119
144
109
105
114
261
146
155
156
155
152
152
153
154
17 191
168 182
101
102
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104
258
16
187
19
174
174
98
99
13
Cg 186
13
174
184
184
Cg 168
191
89
92
93
93
varying 7
2
193
Cg 168
174
bool 11
fixed 11
float 10
half 11
int 11

sampler 11

10
261
25
260
17
28
179
27
uniform 5
varying 5
179
12
179
183
183
6
124
126
abs() 259
dot() 259
min() 259
saturate() 260
263
262
261
258
261
260
263
257

278
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193

14 195
46
144 arbfpl 212
dot3x2 arbvpl 205
136 fp20 243
137 fp30 219
138 ps.1 1 ps 12 ps_ 13 226
ps 2 0 ps 2 x 202
140 vp20 239
141 vp30 215
143 vs_ 1.1 222
vs 2 0 vs 2 x 198
3
uniform 185
190
15 15
2 187
2
257
119 11
119
182
182
15 190 uniform 185
174
263
109
varying 8 110
28 111
2
195
OpenGL ARB 212 C 165
OpenGL NV_fragment_program 219
177
17 177
144 177
144 177
144
GPU 2
4 105
> 105
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107

192

Cg 35

Xiv

114
115
116

89
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