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 Brief History of OpenGL
* Why extensions?
 New NVIDIA extensions
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Brief History of OpenGL
e 1983 IRIS GL ships with SGI IRIS 1000 terminal
1987 SGI and Pixar consider joint APl development
« 1991 OpenGL ARB created
o« 1992 OpenGL 1.0 completed (June 30)
« 1995 OpenGL 1.1 released (vertex array, texture objects, new texenv modes)
1997 Fahrenheit agreement between SGI and Microsoft
« 1998 OpenGL 1.2 released (3D textures, separate specular, imaging)
« 1999 OpenGL 1.2.1 released (multi-texture)
« 2001 dOp;:e));lGL 1.3 released (compressed texture, cube maps, multi-sample,
0
« 2002 OpenGL 1.4 (mip-map generation, shadows, point parameters)
« 2003 OpenGL 1.5 (vertex buffer objects, occlusion query)
ARB extensions: OpenGL Shading language, ARB_vertex_program,
ARB_fragment_program
« 2004 OpenGL 2.07?
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Why Extensions?

* Vendors want to expose as much
hardware functionality as possible

e Lets early adopters try new features as

soon as possible

* Proven functionality is then incorporated

INto multi-vendor extensions
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Life of an Extension

e GL_NVX foo — eXperimental
« GL_NV _foo — vendor specific
e GL_EXT foo — multi-vendor
e GL_ARB foo

e Core OpenGL
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History of Programmability in
OpenGL

« EXT texture env_combine
NV _register combiners GeForce 256

« NV _vertex program GeForce 3
 NV_texture shader GeForce 3
 NV_texture shader3 GeForce 4
« NV _vertex program?2 GeForce FX

 NV_fragment_program GeForce FX
« ARB vertex program
« ARB fragment program
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New Extensions

Two new program extensions
— NV_vertex_program3
— NV _fragment_program?2

o Superset of DirectX 9 VS3.0 and PS3.0 functionality

 Exposed as options to ARB_vertex_program /

ARB_fragment_program
— OPTI ON NV _vertex_ progranS;
— OPTI ON NV_fragnent prograng;

 No new entry points, can use named parameters,

temporaries etc.

* Previous program exts. also now available as options

* Functionality will also be exposed in OpenGL
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GL NV _vertex programa3
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o Textures lookups in vertex programs!

* |Index-able vertex attributes and result arrays

— More flexible skinning, animation
— MOV RO, vertex.attrib[AO0. x+3];
— MOV result.texcoord[ AO. x+7], RO;

« Additional condition code register (2 total)

e Can push/pop address registers on stack

— For loop nesting, subroutine call / return
— PUSHA AO0; POPA AOQ:;

* Up to 512 instructions <
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Vertex Texture

o Supports GL_NEAREST filtering only (currently)
e Supports mip-mapping

— Need to calculate LOD yourself

— TEX, TXP (projective), TXL (explicit LOD)

e Multiple vertex texture units
— gl Get I nt eger v( MAX_VERTEX_TEXTURE | MAGE_UNI TS_ARB)

— 4 units on new NVIDIA hardware
» Uses standard 2D texture targets
— gl BindTexture(G_TEXTURE 2D, displ ace_tex);

o Currently must use LUM NANCE_FLOAT32_ATI Of
RGBA FLOAT32 ATI texture formats
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Vertex Texture Applications

e Simple displacement mapping
— Not adaptive, hardware doesn’t tessellate for you

— Only worth it if texture coordinates or texture contents are
dynamic, otherwise displacement could be baked into vertex

data
— Terrain, ocean rendering

e Render to vertex texture

— Provides feedback path from fragment program to vertex
program

— Water simulation
— Particle systems
— Arbitrarily complex character animation
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Vertex Texture Example

'l ARBvpl. O

OPTI ON NV_vert ex_progrant;

PARAM nvp[ 4] = { state.matrix.nvp };

PARAM scal e = program | ocal [ 0] ;

TEMP pos, displ ace;

# vertex texture | ookup

TEX di spl ace, vertex.texcoord, texture[0], 2D
MJL di spl ace. x, displace.x, scale;

# di spl ace al ong nor nal

MAD pos. xyz, vertex.normal, displace.x, vertex.position;
MOV pos.w, 1.0;

# transformto clip space

DP4 result.position.x, m/p[O0], pos;

DP4 result.position.y, nmvp[1l], pos;

DP4 result.position.z, nvp[2], pos;

DP4 result.position.w, nmvp[3], pos;

MOV result.color, vertex.col or;

MOV result.texcoord[ 0], texcoord;
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Vertex Texture Demo

|Z| |E| E| M simple_vertex texture |Z| |E| E|
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GL NV _vertex program3
Performance

e Branching

— Dynamic branches only have ~2 cycle overhead
« Even if vertices take different branches
« Use this to avoid unnecessary vertex work (e.g. skinning)

e Vertex texture
— Look-ups are not free

— Try to cover texture fetch latency with other non-
dependent instructions

— NOT practical for use as extra constant memory
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GL_NV_fragment_program?2

e Branching
— Limited static and data-dependent branching
— Fixed iteration-count loops

e Subroutine calls: CAL, RET

 New instructions: NRM, DIV, DP2

o Texture lookup with explicit LOD (TXL)
e |ndexed input attributes

e Facing register (front / back)
— can be used for two-sided lighting

e Up to 16K instructions
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ADD
BRK

DDX
DDY
DI Vv
DP2
DP2A
DP3
DP4
DPH
DST
ELSE
ENDI F
ENDL OCP
ENDREP

FLR
FRC
IF

Kl L
L&
LIT

PK2US

ns

absol ute val ue

add

break out of |oop instruction
subroutine cal

conpar e

cosine with reduction to [-Pl, PI]
partial derivative relative to X
partial derivative relative to Y
di vi de vector conponents by scal ar
2-conponent dot product

2-conp. dot product w scal ar add
3-conponent dot product

4- conponent dot product
honbgeneous dot product

di stance vector

start if test else block

end if test block

end of [oop bl ock

end of repeat bl ock

exponenti al base 2

fl oor

fraction

start of if test block
kill fragnent

| ogarithm base 2

conpute light coefficients
start of |oop block

l'inear interpolation

mul tiply and add

maxi mum

m ni mum

nove

mul tiply

normal i ze 3-conponent vector
pack two 16-bit floats

pack two unsigned 16-bit scalars

truction Set

PK4B
PKAUB

SEQ
SFL
SGE
SGT
SI'N
SLE
SLT
SNE
STR
SuB

pack four signed 8-bit scalars
pack four unsigned 8-bit scalars
exponenti ate

reci procal

start of repeat bl ock

subroutine return

reflection vector

reci procal square root

si ne/ cosi ne without reduction
set on equa

set on fal se

set on greater than or equal

set on greater than

sine with reduction to [-PI,Pl]
set on |l ess than or equal

set on |less than

set on not equa

set on true

subt ract

extended swizzle

texture sanple

texture sanple with bias

texture sanple wpartials
texture same wexplicit LOD
texture sanple with projection
unpack two 16-bit floats

unpack two unsigned 16-bit scalars
unpack four signed 8-bit scalars
unpack four unsigned 8-bit scalars
2D coordi nate transormation

0ss product
By
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Branching

* Three types of instruction blocks

— LOOP / ENDLOOP
» Uses loop index register AO.x

— REP / ENDREP
* Repeats a fixed number of times

— IF / ELSE / ENDIF

» Conditional execution based on condition codes

 BRK instruction can be used to conditionally
exit loops

* Blocks may be nested
<
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Looping Limitations

* Loop count cannot be computed at runtime
— Must be program parameter (constant)
 Number of iterations & nesting depth are
limited
* Loop index register AO.x only available inside

current loop
— can only be used to index vertex attributes

« Can’t index into constant memory
— Can read data from texture instead
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Branching Examples

LOOP {8, 0, 1}; # | oop count, initial, increnent
ADD RO, RO, fragnent.texcoord[AO. X];
ENDL OCP;
REP r epCount;
ADD RO, RO, Ri;
ENDREP;
MOVC RC, RO;
| F GT. x;

MOV RO, Ri; # executes if RO.x >0
ELSE;

MOV RO, RZ; # executes Iif RO.x <=0
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Subroutine Calls

e CAL
— Call subroutine, pushes return address on stack
e RET

— address is popped off stack, execution continues
at return address

— execution stops if stack is empty, or overflows
— can use as early exit from top level

e Note — no data stack — no recursion!

e Labels
— Name followed by colon

— Execution will start at “main:” if present <A
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Looping Example

' ARBf p1. 0
OPTI ON NV_f ragnment _progran®;

# | oop over lights

MOV | i ghtlndex. x, O0.O0;

REP nlights;
TEXC |i ght Pos, |ightlndex, texture[O], RECT; # read light pos fromtexture
TEX lightCol or, lightlndex, texture[1l], RECT, # read |ight color fromtexture

IF EQw, # | ightPos.w ==
CAL dirlight;
ELSE;
CAL pointlight;
END
ADD | i ghtlndex.x, lightlndex, 1.0; # increment | oop counter
ENDREP;
MOV result.color, color;

RET;

poi ntlight:
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Fragment Program Branching

Applications

e “Uber” shaders

— Avoids writing separate shaders for
different numbers, types of lights

* Image processing

o Early exit in complex shaders
— Ray tracing
— Volume rendering
— Simulation
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Multiple Lights Demo

M simple_fragment_program? |Z| |E|E|
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Fragment Program Branching
Performance

e Static branching is fast

— But still may not be worth it for short
branches (less than ~5 instructions)

— Can use conditional execution instead

* Divergent (data-dependent) branching
IS more expensive
— Depends on which pixels take which

branches
<
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More Performance Tips

Confer

* Use half-precision where possible
— SHORT TEMP nor nal ;

 Use NRM instruction for normalizing
vectors, rather than DP3/RSQ/MUL

— Very fast for half-precision data
e Always use write masks

— mul rO0.x, r0.x, r2.W(nOthI ro, ro0.x, r2.w)

QC&H
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Floating Point Filtering and

Blending

« New NVIDIA hardware has fully-featured
support for floating point textures

— FP16 texture filtering — including tri-linear, aniso.
— FP16 blending

— Supports all texture targets, including cube maps,
non-power-of-2 textures with mip-maps

* Exposed currently using ATI extensions:
— GL_ATI texture float
— WGL_ATI_pixel format_float
<
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FP16 Blending Example

RVIDIA.
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FP16 Applications

« HDR imagery
— 16-bit integer texture formats are not
enough for very high dynamic ranges

* Image based lighting
 Interactive HDR paint
e Multi-pass algorithms
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HDR With Int 16 Format

Dynamic range: 200,000:1
-.q._ =



Conference

HDR With FP 16 Format

Dynamic range: 200,000:1
-.q._ =



Confer

¥y, -

nce

Multiple Draw Buffers

Equivalent to Direct3D Multiple Render
Targets (MRT)

Exposed via ATl _draw_buffers extension

Allows outputting up to 4 colors from a
fragment program in a single pass:

MOV result.color[0], color;
MOV result.color[1], N
MOV result.color[2], pos;
MOV result.color[3], H

Useful for deferred shading algorithms

* Will be exposed in GLslang als <A

- | ' BVIDIA.
e, G . O Frs..



B=]E

(C'?ﬁfr-i |

E‘ RVIDIA.




Confernce

Conclusion

NV _vertex_ program3 and
NV_fragment_program2 expose the
latest In programmable shading

* Functionality will be available in vendor-
Independent extensions and OpenGL
Shading Language soon

o Start thinking about these features now,
future hardware will be even faster
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