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m Other OpenGL ES is the 3D API used in Android, iOS and almost every

M Direct X other mobile and embedded OS — other than Windows

W OpeniGL ES

On PC — DirectX is
used for most apps.
On mobile — the
situation is reversed
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chETOR b=p
#version 100 // implicit
precision mediump float;

varying vec4 color;

void main()

{

gl_FragColor = color;

#3332 5
varying®
—i&1t

GLSL ES 3.0 igih

#version 300 es // required
precision mediump float;

in vec4 color;

Tayout(location = 0) out vec4 data;

void main(Q)

{
}

TIFLIA—E=Hy
FDIETE

data = color;
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#version 300 es
precision highp float;

#version 300 es
precision highp float;

sampler2D floatMap;// lowp precision highp sampler2D floatMap;

sampler3p cubeMap; //
error

CHRRBIEITS—E4D

-

precision lowp sampler3D cubeMap;

Fragment shader(ZDUL\T, float(Z
DL TR O EEENBES
f=Hh3. GLSL ES 3.0/ H>sampleriZxd
LTERERESBE
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e OpenGL & OpenGL EST A D HLETR
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* RGBT EHEETC2
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* Adaptive Scalable Texture Compression (ASTC)
- AEwkL—FTS3TC, PVRTCKYH S EE
e ILF LT INVEEREL—L, 74—y R—b
-1 56 4 BEHSTA—< Y R/ RG/ RGB / RGBA
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Original ASTC Compression
24bpp 8bpp 3.56bpp 2bpp

© Copyright Khronos Group 2012 | Page 25



v%SlGGRAPHZOTZ

ASTC & PVRTCO) LE B8

e LDR iR EBRE R4
- HDR #a5R IS EAFE &

| Blocksize  BitserPixel  Comp.Ratio

4x4 8.00 4:1

5x4 6.40 5:1

5x5 5.12 6.25:1
6x5 4.27 7.5:1
6x6 3.56 9:1

8x5 3.20 10:1
8x6 2.67 12:1
10x5 2,56 12.5:1
10x6 2.13 15:1
8x8 2.00 16:1
10x8 1.60 20:1
10x10 1.28 25:1
12x10 1.07 30:1
12x12 0.89 36:1

ORIGINAL IMAGE

COMPRESSED WITH ASTC 2BPP
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OpenGL®M 204 - Then and Now

Ideas in Motion - SGI

Rage -id Software

1992
Reality Engine 2012 Mobile 2012 PC
8 Geometry NVIDIA
. NVIDIA Tegra 3
Engines Nexus 7 Android Tablet GeForce GTX 680
4 Raster Manager Kepler GK104
boards
Triangles / sec (millions) 1 103 (x103) 1800 (x1800)

Pixel Fragments / sec (millions) 240 1040 (x4.3) 14,400 (x60)
GigaFLOPS 105k W 156 BW 3090 (x4830)
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FRAMEBUFFER ‘i»%
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OpenGL 2.0 OpenGL 2.1
2004 2005 2006 2007
DirectX 9.0c DirectX 10.0

Bringing state-of-the-
art functionality to
cross-platform

"OpenGL 4.3

graphics
OpenGL | i :
OpenGl4.2
4,1
OpenGL 3.3/4.0
OpenGL 3.2
OpenGL 3.1
OpenGL 3.0 ‘
2008 2009 2010 2011 2012

DirectX 10.1 DirectX 11.1|

DirectX 11
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* texture functionality

- ARB_texture_view

- ARB_internalformat_query2

- ARB_copy_image

- ARB_texture_buffer_range

- ARB_stencil_texturing

- ARB_texture_storage_multisample

 buffer functionality
- ARB_shader_storage_buffer_object
- ARB_invalidate_subdata

° - ARB_clear_buffer_object

- ARB_vertex_attrib_binding

- ARB_robust_buffer_access_behavior

penGL 4.3

P

NOS

KHROS
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* pipeline functionality
- ARB_compute_shader
- ARB_multi_draw_indirect
- KHR_debug
- ARB_program_interface_query
- ARB_ES3_compatibility
e extensions
- KHR_texture_compression_astc_|Idr
- - ARB_robustness_isolation

e GLSL 4.3 functionality
- ARB_shader_image_size
- ARB_explicit_uniform_location
- ARB_texture_query_levels
- ARB_arrays_of_arrays
- ARB_fragment_layer_viewport

penGL 4.3

NOS

KHROS
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...........................................

From Application

\4

Vertex Puller

OpenGL 4.3 /1 TS5/

v

Vertex Shader

v

Tessellation Control Shader

-

.
...........................................

v

Tessellation Primitive Gen.

v

Tessellation Eval. Shader

-

A

Geometry Shader

v

Transform Feedback |

Legend

Rasterization

Fixed Function Stage

v

Fragment Shader

Programmable Stage

v

Per-Fragment Operations

Arrows indicate data flow

v

From Application

\4

Pixel Assembly

From Application

\4

Dispatch

v

Compute Shader

v

Pixel Operations

v

Pixel Pack

|
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e OpenCL%##5¢
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- BIATHDIFLHDATEIS
e AXVFMAIFTIZ—)RADYT!)—
c B EHTHIR
e JL—X HFBEN—EM
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' 1 Introduction
N, OpenGL Fundamentals
[P 3 Dataflow Model
' 4 Event Model
P 5 Shared Objects and Multiple Contexts
' 6 Buffer Objects
7 Programs and Shaders
' 8 Textures and Samplers
[P 9 Framebuffers and Framebuffer Objects
P 10 vertex Specification and Drawing Commands
11 Programmable Vertex Processing
' 12 Fixed-Function Vertex Processing
' 13 Fixed-Function Vertex Post-Processing
[P 14 Fixed-Function Primitive Assembly and Rasterization
F 15 Programmable Fragment Processing
[P 16 Fixed-Function Fragment Processing
P17 Writing Fragments and Samples to the Framebuffer
[F 18 Reading and Copying Pixels
' 19 Compute Shaders
' 20 Debug Output
21 Special Functions
' 22 Context State Queries
[P 23 State Tables
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OpenGL 7Yy 7 T—bhELED

e OpenGL 4.3 OYJ1)—X
- Compute shaders
- Advanced buffer management
- Advanced texture management
- Advanced GPU work creation

e OpenGLD ERf
- WebGL
- Mobile platforms
- Linux

* OpenGL®MD 208 £
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