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Spec release 2003 2004 2005 _
Shader prog(r;argmablllty
using GLSL.
OpenGL 1.3 OpenGL 1.5 OpenGL 2.0 SoencL > Eliminate redundant fixed
inec New pen _ functionality ->
S"seﬁ{,“;;’{e Functionality simple, streamlined API

/ Roadmap track for

M3G (JSR-184) OpenGL ES 2.0 7 programmable
acceleration hardware
requirements OpenGL ES 2>

OpenGL ES 1.0 OpenGL ES 1.1 OpenGL ES 1.1 Roadmap track for
Miflgimiéed Extension Pack 1 flxedhfur;ctlon
Fu:ﬁion - OpenGLES 'b ardware
Eliminate redundancy and Enhanced functionality for emerging Package of extensions that enhance
workstation functionality -> hardware capabilities, seamless functionality and reduce variability and will
simple, streamlined API acceleration for M3G, save more power be included in 1.2 - probably in 2006

Minimize differences between 1.X and 2.X tracks.
Full backwards compatibility in each track.
Platforms can ship either or both libraries. Nexus

RGCONOS
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OpenGL ES 1.1

Based on OpenGL 1.5 specification
Buffer Objects

- Use to allocate, initialize and render form memory
- Store vertex array and element index data

Auto mipmap Generation
- potentially accelerate auto mip-level generation

Enhanced texture processing
- Multi-textures and texture combiner functionality for effects

Vertex skinning functionality
- Allows smooth animation of complex figures and geometries

KRI.#P,R \9 N o s © Copyright Khronos Group, 2005 28
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OpenGL ES 1.1

« User-defined clip planes
- Efficient early culling of non-visible polygons

+ Enhanced point sprites and point sprite arrays
- Efficient and realistic particle effects

+ Static and Dynamic state queries
- Layered software environment

*  Draw texture
- Fast rendering of background paintings, bitmapped font glyphs
- 2D framing elements in games

* New Core Additions and Profile Extensions

Nexus
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OpenGL ES 2.0 Philosophy

« Based on GLSL as used in OpenGL 2.0

- Open standard
- Proven on desktop

Optimized for use in Embedded devices
- Reduced shader program sizes
- Reduced register usage
- Reduced numeric precision

Pure programmable model
- Most fixed functionality removed.

Not 100% backward compatible with OpenGL ES 1.x

.Ig.':{l.i.eLRZ\,\D’;_ N O s © Copyright Khronos Group, 2005 30
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OpenGL Shading Language (GLSL)

« ‘C’-like language
«  Types:

- void float vec2 vec3 vecd mat2 mat3 matd int ivec2 ivec3 ivecd
bool bvec2 bvec3 bvec4 samplernD
- Structs, Arrays

* Type Qualifiers

- uniform
- ‘Constants’ (light position/direction, texture units, ...)
- Does not change per vertex.

- attribute
- Per-vertex values (position, normal,...)

- varying
- Generated by vertex shader
- Interpolated by the rasterizer to generate per pixel values
- Used as inputs to Fragment Shader
- e.g. texture coordinates

Nexus
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Vertex Shader Functions

* The vertex shader can do:
- Transformation of position using model-view and projection matrices
Transformation of normals, including renormalization
Texture coordinate generation and transformation
Per-vertex lighting
Calculation of values for lighting per pixel

* The vertex shader cannot do:
- Anything that requires information from more than one vertex
- Anything that depends on connectivity.
- Any triangle operations (e.g. clipping, culling)
- Access colour buffer

Nexus
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Fragment Shader Functions

 The fragment shader can do:
- Texture blending
- Fog
- Alpha testing
- Dependent textures
- Pixel discard
- Bump and environment mapping

* The fragment shader cannot do:
- Blending with colour buffer
- ROP operations
- Depth or stencil tests
- Write depth

Nexus
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Solution 1

Solution 2 Solution 3 Solution 4
Application . .
RISC CPU DSP Processor H/W Graphics Chip
3D S/W Engine ARM?9, TI-DSP TI-OMAP . v
Vendor Solution provider Nazomi SH-Mobile Gi-Pump
Architecture ARM CPU DSP arMcpu+psp | Full HIWRIG
Graphic engine
polygons NX1004 : 1.3M ~
Perfor- | ST 1,000 ~ 2,000 10,000 ~ 30,000 100,000 ~ 200,000 NX1005 : 4M~
LIS Frames
| second 3~5 8 ~ 12 12~ 15 25 ~ 30
Operating Frequency High High High < 100MHz
Power Consumption High High High 0.8mA/MHz
Price N/A Low High Low
OpenGL ES Software Engine Software Engine
Standrflrd e EEE No Required Required ufets
Graphics BV
Format
acceleration No Yes
Local Memory(Stack) No No No Yes
T
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» 3D Graphics Acceleration Engine embedded
» Mega pixel camera / Video Engine embedded

s D
Stack Memory
(2MB, 4MB, 8MB, 16MB ..) |
e /~ N\
Bitmap Acceleration ]
L ISP
2D Graphic Acceleration ] . J
N ( \

- SVG Basic, SVG Tiny

- Ve AV N

[ SVG vector Graphic Acc. Engine 1 LCD Interface

OpenGL|ES Mega Pixel | RFL6xolS
compliant 3D Camera/ Frame Buffer , T
Graphics Acc. Video (upto QVGA)/ £

Engine Engine Z-Buffer/ %
Ny AN /| Texture Buffer E )
([ % PP RatdioOne
Power management ] S RX o Bb

\ o -

f ; o ©
® e 0\70 o&o X X [Height [115~15

Memory Processor | Memory || Stacked/Extensible

Modem Board

| Package Type || TABGA/SCSP | “: Bluetooth

g_’y [ PinNumber ][ 100 ~200 |
| Bodysize || 8x8~12x12 | i ]

|

|
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