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Interact ive Render ingInteract ive Render ing

Illusion of presenceIllusion of presence
• 10 – 30 – 60 frames per  second10 – 30 – 60 frames per  second

• Immediate responseImmediate response

• Simple appearanceSimple appearance



Mult i-pass Render ingMult i-pass Render ing

Improved appearanceImproved appearance
• Bu ild effectsBu ild effects

• Per-frame or  per-objectPer-frame or  per-object

• St il l in teract iveSt il l in teract ive

[Diefenbach97] [Peercy97] [Cabral99] [Kautz99]



What’s in a Pass?What ’s in a Pass?

Graphics hardwareGraphics hardware
• (as seen through OpenGL)(as seen through OpenGL)

applicationapplication

vertex operationsvertex operations

rasterizerasterize

fragment operationsfragment operations

texturetexture

pixel operationspixel operations

frame bufferframe buffer
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Mult i-Pass = SIMDMult i-Pass = SIMD

Single Instruct ion, Mu lt iple DataSingle Instruct ion, Mu lt iple Data

Classic SIMDClassic SIMD
• Thousands/ mill ions of processorsThousands/ mill ions of processors

• Think ing Machines, PixelFlow, ...Think ing Machines, PixelFlow, ...

• Not  small-scale SIMD (MMX, etc.)Not  small-scale SIMD (MMX, etc.)

Shading languages use SIMD modelShading languages use SIMD model
• Descr ibe shading for  one pointDescr ibe shading for  one point

• Apply for  every point  on su r faceApply for  every point  on su r face



Mult i-Pass = SIMDMult i-Pass = SIMD

General SIMDGeneral SIMD OpenGLOpenGL

Shared ControlShared Control Applicat ionApplicat ion

Processor ArrayProcessor Array Pixel ArrayPixel Array

Per-PE ALUPer-PE ALU Fragment opsFragment ops

Per-PE MemoryPer-PE Memory FB /  Textu reFB /  Textu re

Per-PE Condit ionalsPer-PE Condit ionals Alpha /  StencilAlpha /  Stencil



What’s it  Mean?What ’s it  Mean?

We can create a compilerWe can create a compiler
• High-level language inHigh-level language in

• OpenGL ou tOpenGL ou t



Isn’t  that Slow?Isn’t  that Slow?

No!No!
• Like drawing a few extra objectsLike drawing a few extra objects

• Opt imize to compress passesOpt imize to compress passes

• Target hardware extensionsTarget hardware extensions



OpenGL ShaderOpenGL Shader

ISLISL

PlainPlain
OpenGLOpenGL

IRIR
extensionsextensions

NVNV
extensionsextensions

OthOth erer
extensionsextensions

OpenGL Shader



About ISLAbout ISL

Things exposed in ISLThings exposed in ISL
• Pass count: passes <= statementsPass count: passes <= statements

• Opt imize to fewerOpt imize to fewer

• Range: clamped 0 – 1Range: clamped 0 – 1

• Textur ing limitsTextur ing limits
• No per-pixel computed textu re coordinatesNo per-pixel computed textu re coordinates

• Can use per-ver tex textu re coordinatesCan use per-ver tex textu re coordinates



I Can do that  Myself!I Can do that  Myself!
sur f ace f ancy(  )
{
    FB = envi r onment ( " f l ower s. r gb" ) ;
    FB * = col or ( . 5, . 2, . 0, 0) ;
    FB = under ( t ext ur e( " bi r ds. r gba" ,
      scal e( 2, 2, 2) ) ) ;
}  

/ *  Dr aw Shader :  f ancy * /
GLi nt  dr aw_f ancy_shader  ( voi d
( * dr aw_geomet r y)  ( voi d* ) ,
                      voi d * geomet r y,
                      GLs i zei  wi n_w,
GLsi zei  wi n_h,
                      GLi nt  x_l ower _l ef t ,
GLi nt  y_l ower _l ef t ,
                      GLi nt  x_upper _r i ght ,
GLi nt  y_upper _r i ght )
{
    GLsi zei  boundi ng_r ect _w,
boundi ng_r ect _h;
    GLenum l i ght _i d;
    GLf l oat  l i ght _posi t i on[ 4] ;
    GLf l oat  l i ght _ambi ent [ 4] ;
    GLf l oat  l i ght _di f f use[ 4] ;
    GLf l oat  l i ght _specul ar [ 4] ;
    GLf l oat  mat _emi ssi on[ 4] ;
    GLf l oat  mat _ambi ent [ 4] ;
    GLf l oat  mat _di f f use[ 4] ;
    GLf l oat  mat _specul ar [ 4] ;
    GLf l oat  cur r _mat r i x [ 16] ;
    GLf l oat  t exgen_pl ane[ 4] ;
    GLf l oat  t ex_w_scal e,  t ex_h_scal e;

    i f  ( set up_done == GL_FALSE)  {
        r et ur n 0;
    }

    / *  Er r or  check boundi ng box x  coor ds * /
    i f  ( ( boundi ng_r ect _w = x_upper _r i ght  -
x_l ower _l ef t  + 1)  &l t ; = 0)  {
        r et ur n - 1;
    }

    / *  Er r or  check boundi ng box y  coor ds * /
    i f  ( ( boundi ng_r ect _h = y_upper _r i ght  -
y_l ower _l ef t  + 1)  &l t ; = 0)  {
        r et ur n - 1;
    }
    / *  Er r or  check wi ndow di mensi ons * /
    i f  ( ( wi n_w &l t ; = 0)  | |  ( wi n_h &l t ; = 0) )
{
        r et ur n - 1;
    }

    / *  Er r or  check t empor ar y  t ext ur e
di mensi ons * /
    i f  ( ( t mp_t ex_w &l t ; = 0)  | |  ( t mp_t ex_h
&l t ; = 0) )  {
        r et ur n - 1;
    }

    t ex_w_scal e = ( GLf l oat )  wi n_w /
( GLf l oat )  t mp_t ex_w;
    t ex_h_scal e = ( GLf l oat )  wi n_h /
( GLf l oat )  t mp_t ex_h;

#i f  1

    / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
     *  St ar t  Geom Pass.  Pass:  0      
     * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

    / *  Save Def aul t  St at e * /
    gl PushAt t r i b ( GL_ALL_ATTRI B_BI TS) ;

    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PushMat r i x ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PushMat r i x ( ) ;

    l i ght _i d = GL_LI GHT0;

    / *  I PF_Col or mask_At t r i but e * /
    gl Col or Mask ( 1,  1,  1,  1) ;

    / *  I PF_St enci l _At t r i but e * /
    gl Enabl e ( GL_STENCI L_TEST) ;
    gl St enci l Func ( GL_ALWAYS,  0x1,  0xf f ) ;
    gl St enci l Op ( GL_KEEP,  GL_KEEP,
GL_REPLACE) ;
    gl St enci l Mask ( 0xf f ) ;

    / *  I PF_Dept h_At t r i but e * /
    gl Enabl e ( GL_DEPTH_TEST) ;
    gl Dept hFunc ( GL_LEQUAL) ;

    / *  I PF_Text ur e_At t r i but e * /
    gl Enabl e ( GL_TEXTURE_2D) ;
    gl Bi ndText ur e ( GL_TEXTURE_2D,
t ext ur e_i ds[ 0] ) ;   / *  f l ower s. r gb * /

    / *  I PF_Texgen_At t r i but e * /
    gl Mat r i xMode ( GL_MODELVI EW) ;
    gl PushMat r i x ( ) ;
    gl LoadI dent i t y  ( ) ;

    gl Enabl e ( GL_TEXTURE_GEN_S) ;
    gl TexGeni  ( GL_S,  GL_TEXTURE_GEN_MODE,
GL_SPHERE_MAP) ;

    gl Enabl e ( GL_TEXTURE_GEN_T) ;
    gl TexGeni  ( GL_T,  GL_TEXTURE_GEN_MODE,
GL_SPHERE_MAP) ;

    gl PopMat r i x  ( ) ;

    / *  Dr aw Geomet r y  * /
    / *  Al ways set  t he mat r i x  mode t o
model vi ew.    
       Thi s coul d be a pr obl em i f  t he
cal l back   
       expect s t he mode t o be somet hi ng
el se.  * /
    gl Mat r i xMode ( GL_MODELVI EW) ;
    dr aw_geomet r y ( geomet r y) ;

    / *  Rest or e Def aul t  St at e * /
    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PopMat r i x  ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PopMat r i x  ( ) ;
    gl PopAt t r i b ( ) ;

#endi f

#i f  1

    / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
     *  St ar t  Geom Pass.  Pass:  1      
     * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

    / *  Save Def aul t  St at e * /

    gl PushAt t r i b ( GL_ALL_ATTRI B_BI TS) ;
    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PushMat r i x ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PushMat r i x ( ) ;

    l i ght _i d = GL_LI GHT0;

    / *  I PF_Col or mask_At t r i but e * /
    gl Col or Mask ( 1,  1,  1,  1) ;

    / *  I PF_St enci l _At t r i but e * /
    gl Enabl e ( GL_STENCI L_TEST) ;
    gl St enci l Func ( GL_LEQUAL,  0x1,  0xf f ) ;
    gl St enci l Op ( GL_KEEP,  GL_KEEP,
GL_KEEP) ;
    gl St enci l Mask ( 0x7f f f f f f f ) ;

    / *  I PF_Bl end_At t r i but e * /
    gl Enabl e ( GL_BLEND) ;
    gl Bl endEquat i onEXT ( GL_FUNC_ADD_EXT) ;
    gl Bl endFunc ( GL_DST_COLOR,  GL_ZERO) ;

    / *  I PF_Dept h_At t r i but e * /
    gl Enabl e ( GL_DEPTH_TEST) ;
    gl Dept hFunc ( GL_LEQUAL) ;

    / *  I PF_Col or _At t r i but e * /
    gl Col or 4f  ( 0. 500000,  0. 200000,
0. 000000,  0. 000000) ;

    / *  Dr aw Geomet r y  * /
    / *  Al ways set  t he mat r i x  mode t o
model vi ew.    
       Thi s coul d be a pr obl em i f  t he
cal l back   
       expect s t he mode t o be somet hi ng
el se.  * /
    gl Mat r i xMode ( GL_MODELVI EW) ;
    dr aw_geomet r y ( geomet r y) ;

    / *  Rest or e Def aul t  St at e * /
    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PopMat r i x  ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PopMat r i x  ( ) ;
    gl PopAt t r i b ( ) ;

#endi f

#i f  1

    / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
     *  St ar t  Geom Pass.  Pass:  2      
     * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

    / *  Save Def aul t  St at e * /
    gl PushAt t r i b ( GL_ALL_ATTRI B_BI TS) ;
    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PushMat r i x ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PushMat r i x ( ) ;

    l i ght _i d = GL_LI GHT0;

    / *  I PF_Col or mask_At t r i but e * /
    gl Col or Mask ( 1,  1,  1,  1) ;

    / *  I PF_St enci l _At t r i but e * /
    gl Enabl e ( GL_STENCI L_TEST) ;
    gl St enci l Func ( GL_LEQUAL,  0x1,  0xf f ) ;
    gl St enci l Op ( GL_KEEP,  GL_KEEP,
GL_KEEP) ;
    gl St enci l Mask ( 0x7f f f f f f f ) ;

    / *  I PF_Bl end_At t r i but e * /
    gl Enabl e ( GL_BLEND) ;
    gl Bl endEquat i onEXT ( GL_FUNC_ADD_EXT) ;
    gl Bl endFunc ( GL_SRC_ALPHA,
GL_ONE_MI NUS_SRC_ALPHA) ;

    / *  I PF_Dept h_At t r i but e * /
    gl Enabl e ( GL_DEPTH_TEST) ;
    gl Dept hFunc ( GL_LEQUAL) ;

    / *  I PF_Text ur e_At t r i but e * /
    gl Enabl e ( GL_TEXTURE_2D) ;
    gl Bi ndText ur e ( GL_TEXTURE_2D,
t ext ur e_i ds[ 1] ) ;   / *  mar bl ebi r ds. r gba * /

    / *  I PF_Mat r i x_At t r i but e * /
    gl Mat r i xMode ( GL_TEXTURE) ;
    cur r _mat r i x [ 0]  = 2. 000000;
    cur r _mat r i x [ 1]  = 0. 000000;
    cur r _mat r i x [ 2]  = 0. 000000;
    cur r _mat r i x [ 3]  = 0. 000000;
    cur r _mat r i x [ 4]  = 0. 000000;
    cur r _mat r i x [ 5]  = 2. 000000;
    cur r _mat r i x [ 6]  = 0. 000000;
    cur r _mat r i x [ 7]  = 0. 000000;
    cur r _mat r i x [ 8]  = 0. 000000;
    cur r _mat r i x [ 9]  = 0. 000000;
    cur r _mat r i x [ 10]  = 2. 000000;
    cur r _mat r i x [ 11]  = 0. 000000;
    cur r _mat r i x [ 12]  = 0. 000000;
    cur r _mat r i x [ 13]  = 0. 000000;
    cur r _mat r i x [ 14]  = 0. 000000;
    cur r _mat r i x [ 15]  = 1. 000000;
    gl LoadMat r i xf  ( cur r _mat r i x ) ;

    / *  Dr aw Geomet r y  * /
    / *  Al ways set  t he mat r i x  mode t o
model vi ew.    
       Thi s coul d be a pr obl em i f  t he
cal l back   
       expect s t he mode t o be somet hi ng
el se.  * /
    gl Mat r i xMode ( GL_MODELVI EW) ;
    dr aw_geomet r y ( geomet r y) ;

    / *  Rest or e Def aul t  St at e * /
    gl Mat r i xMode ( GL_TEXTURE) ;
    gl PopMat r i x  ( ) ;
    gl Mat r i xMode ( GL_COLOR) ;
    gl PopMat r i x  ( ) ;
    gl PopAt t r i b ( ) ;

#endi f

    r et ur n 0;
}



Shading ExampleShading Example

#i ncl ude <swi zzl e. h>
uni f or m col or  gr eent abl e[ 2]  =
{ col or ( 0, . 2, 0, 1) ,  col or ( 0, . 4, 0, 1) } ;

sur f ace
t oon(  par amet er  f l oat  do_t oon = 1. ;
      par amet er  f l oat  edge = . 25)
{
  FB = envi r onment ( " r edpar k. env" ) ;
  i f  ( do_t oon > . 5)  {
      FB += edge;
      FB = t r ansf or m( r gba_r r r a) ;
      FB = l ookup( gr eent abl e) ;
      FB += envi r onment ( " sun. env" ) ;
  }
}



1: Uniform Expressions1: Uniform Expressions

#i ncl ude <swi zzl e. h>
uni f or m col or  gr eent abl e[ 2]  =
{ col or ( 0, . 2, 0, 1) ,  col or ( 0, . 4, 0, 1) } ;

sur f ace
t oon(  uni f or m f l oat  do_t oon = 1. ;
      uni f or m f l oat  edge = . 25)
{
  FB = envi r onment ( " r edpar k. env" ) ;
  i f  ( do_t oon > . 5)  {
      FB += edge;
      FB = t r ansf or m( r gba_r r r a) ;
      FB = l ookup( gr eent abl e) ;
      FB += envi r onment ( " sun. env" ) ;
  }
}



1: Simple Operat ions1: Simple Operat ions

FB = envi r onment ( r edpar k)

FB += . 25

FB = t r ansf or m( r gba_r r r a)

FB = l ookup( gr eent abl e)

FB += envi r onment ( sun)

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)

c = const ( . 25)
d = add( b, c)

e = t r ansf or m( r gba_r r r a, d)

f  = l ookup( gr eent abl e, e)

g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)



1: Map to Hardware1: Map to Hardware

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)

Pack  passes back-to-frontPack  passes back-to-front

Remove dead codeRemove dead code

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , l ookup( sun,

t exgen( envi r onment ) ) )



1: Map to Hardware1: Map to Hardware

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)

Pack  passes back-to-frontPack  passes back-to-front

Remove dead codeRemove dead code

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e,

t r ansf or m( r gba_r r r a, d) )

i  = add( f , l ookup( sun,
t exgen( envi r onment ) ) )



1: Map to Hardware1: Map to Hardware

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)

Pack  passes back-to-frontPack  passes back-to-front

Remove dead codeRemove dead code

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, const ( . 25) )

f  = l ookup( gr eent abl e,
t r ansf or m( r gba_r r r a, d) )

i  = add( f , l ookup( sun,
t exgen( envi r onment ) ) )



1: Map to Hardware1: Map to Hardware

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)

Pack  passes back-to-frontPack  passes back-to-front

Remove dead codeRemove dead code

a = t exgen( envi r onment )
b = l ookup( r edpar k,

t exgen( envi r onment ) )
d = add( b, const ( . 25) )

f  = l ookup( gr eent abl e,
t r ansf or m( r gba_r r r a, d) )

i  = add( f , l ookup( sun,
t exgen( envi r onment ) ) )



1: Map to Hardware1: Map to Hardware

a = t exgen( envi r onment )
b = l ookup( r edpar k, a)
c = const ( . 25)
d = add( b, c)
e = t r ansf or m( r gba_r r r a, d)
f  = l ookup( gr eent abl e, e)
g = t exgen( envi r onment )
h = l ookup( sun, g)
i  = add( f , h)

Pack  passes back-to-frontPack  passes back-to-front

Remove dead codeRemove dead code

b = l ookup( r edpar k,
t exgen( envi r onment ) )

d = add( b, const ( . 25) )

f  = l ookup( gr eent abl e,
t r ansf or m( r gba_r r r a, d) )

i  = add( f , l ookup( sun,
t exgen( envi r onment ) ) )



Level-of-detail ShadersLevel-of-detail Shaders

Add condit ionals to adjust  complexityAdd condit ionals to adjust  complexity
• DistanceDistance

• ImportanceImportance
• TimeTime

• Available textu reAvailable textu re



Level-of-detailLevel-of-detail

Au tomaticAutomatic
• Add condit ionalsAdd condit ionals

• Change “hardware mapping” ru les in  each branchChange “hardware mapping” ru les in  each branch

Semi-au tomaticSemi-au tomatic
• Use Use LOD LOD bu ilding blocksbu ilding blocks

ManualManual
• Add condit ionalsAdd condit ionals

• Hand-code levelsHand-code levels



Wrap-upWrap-up

Simple, easy-to-change descr ipt ionSimple, easy-to-change descr ipt ion
• Flexible sur face appearanceFlexible sur face appearance

• Much easier  than hand-coded GLMuch easier  than hand-coded GL

PortablePortable

Enables powerfu l extra processingEnables powerfu l extra processing




