
Mobility is HUGE…Mobility is HUGE…

• 3.3 Billion mobile phone subscriptions (11/29/07) [Informa]

– 1.3 Billion internet users (900 Million PC users)

• Mobile devices already outnumber PCs 5:1

• In some growth markets this is closer to 10:1

– 1.5 Billion TV sets

• By the end of 2010 ~60M people globally will be watching TV on their mobile 
phones. (Streaming services > 20M, broadcast networks ~40M.) Infonetics 11/2007

– 1.4 Billion people with credit cards

• 1.14 Billion handsets sold in 2007

– 456 Million by Nokia

– 133.5 Million in Q4 (1.5 Million per day, ~17Hz)

• 2 Billion active users of SMS text messaging ($ 100B in 2007) 

– 800 Million active users of email (1.4 Billion email addresses)



Challenge?      Power!Challenge?      Power!

• Power is the ultimate bottleneck

– Usually not plugged to wall, just batteries

• Batteries don’t follow Moore’s law

– Only 5-10% per year 



Challenge?      Power!Challenge?      Power!

• Gene’s law

– "power use of integrated circuits decreases 
exponentially" over time => batteries will last longer

• Since 1994, the power required to run an IC has declined 10x 
every 2 years

– But the performance of 2 years ago is not enough

• Pump up the speed

• Use up the power savings



Challenge? Thermal mgt!Challenge? Thermal mgt!

• But ridiculously good batteries still won’t be 
the miracle cure

– The devices are small

– Generated power must get out

– No room for fans



Challenge? Thermal mgt!Challenge? Thermal mgt!

• Thermal management must 
be considered early in the 
design

– Hot spot would fry electronics 

• Or at least inconvenience the user…

– Conduct the heat through the 
walls, and finally release to the 
ambient



Changed?        Displays!Changed?        Displays!

• Resolution
– 84 x 48 ->176 x 208 -> 320 x 240

– Communicators: 640 x 200 -> 800 x 352

– Internet tablets like N800: 800 x 480

• Color depth
– gray scale 1 -> 2 -> 4 -> 8 bit

– RGB 12 -> 16 -> 18 -> 24 bit



Changed?        Displays!Changed?        Displays!

2005: 38 % NTSC gamut

• Nokia 6600

2006: 75 % NTSC gamut

• Nokia 6131

2007: 100 % NTSC gamut

• OLED displays

• Nokia 8300

• Color gamut



Future?        Displays!Future?        Displays!

• Physical size remains limited

– TV-out connection

– Near-eye displays?

– Projectors?

– Roll-up flexible displays?

allaboutsymbian.com



Changed?        Computation!Changed?        Computation!

• Moore’s law in action
– 3410:  ARM 7 @ 26MHz

• Not much caching, narrow bus

– 6600:  ARM 9 @ 104MHz

• Decent caching, better bus

– 6630:  ARM 9 @ 220MHz

• Faster memories

– N93: ARM 11 @ 330MHz
• HW floating-point unit

• 3D HW



Evolution of a computerEvolution of a computer
Mainframe computer Mini computer Personal computer

Laptop computer Multimedia Computer



Changed?        ImagingChanged?        Imaging

• 3410

– no camera

• 6600

– 640 x 480 still, 176 x 144 video 6-15 fps

• 6630

– 1280 x 960 still
176 x 144 video 15 fps

• N93

– 2048 x 1536 still, 640 x 480 video 30 fps

– 3x optical zoom
– Carl-Zeiss Vario-Tessar lens
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State-of-the-art in 2001:
GSM world
State-of-the-art in 2001:
GSM world

• The world’s most played 
electronic game?

– According to The Guardian 
(May 2001)

• Communicator demo 2001

– Remake of a 1994 Amiga demo

– <10 year from PC to mobile



State-of-the-art in 2001: JapanState-of-the-art in 2001: Japan

• High-level API with skinning, flat shading / 
texturing, orthographic view

J-SH07
by SHARP

GENKI 3D Characters

(C) 2001 GENKI

ULALA
(c)SEGA/UGA.2001

J-SH51
by SHARP

Space Channel 5

©SEGA/UGA,2001 ©SEGA/UGA,2002

Snowboard Rider
©WOW ENTERTAINMENT INC.,
2000-2002all rights reserved.



State-of-the-art in 2002:
GSM world
State-of-the-art in 2002:
GSM world

• 3410 shipped in May 2002

– A SW engine: a subset of OpenGL 
including full perspective (even textures)

– 3D screensavers (artist created content)

– FlyText screensaver (end-user content)

– a 3D game



State-of-the-art in 2002: JapanState-of-the-art in 2002: Japan

• Gouraud shading, 
semi-transparency,
environment maps

3d menu

C3003P
by Panasonic

KDDI Au 3D Launcher

©SAN-X+GREEN CAMEL

I-3D PolyGame
Boxing

@ Hi Vanguard�ØREZO, BNW

Ulala Channel J

©SEGA/UGA,2001 ©SEGA/UGA,2002



Fathammer’s
Geopod

on XForge

State-of-the-art in 2003: 
GSM world
State-of-the-art in 2003: 
GSM world

• N-Gage ships

• Lots of proprietary 3D engines 
on various Series 60 phones



State-of-the-art in 2003: JapanState-of-the-art in 2003: Japan

• Perspective view, 
low-level API

Aqua ModeAqua ModeAqua ModeRidge Racer

@ Namco

Mission Commander
Multi player Fps Game

© IT Telecom



Mobile 3D in 2004Mobile 3D in 2004

• 6630 shipped late 2004

– First device to have both
OpenGL ES 1.0 (for C++) and
M3G (a.k.a JSR-184, for Java) APIs

• Sharp V602SH in May 2004

– OpenGL ES 1.0 capable HW
but API not exposed

– Java / MascotCapsule API



2005 and beyond: HW2005 and beyond: HW



Mobile graphics evolution snapshotMobile graphics evolution snapshot

2D Software3D Accelerated 3D

Spider-Man 2 3D: NY Subway
Sony Pictures

Spider-Man 2
Activision 

Spider-Man 2: The Hero Returns
Sony Pictures



Mobile 3D APIsMobile 3D APIs

OpenGL ESOpenGL ES

Java ApplicationsJava Applications

Java UI APIJava UI APIM3G (JSR-184)M3G (JSR-184)

Operating System (Symbian, Linux, …)Operating System (Symbian, Linux, …)

Java Virtual MachineJava Virtual Machine

Native C/C++
Applications

Native C/C++
Applications

Graphics HardwareGraphics Hardware



Overview: OpenGL ESOverview: OpenGL ES

• Background: OpenGL & OpenGL ES

• OpenGL ES 1.0

• OpenGL ES 1.1

• EGL: the glue between OS and OpenGL ES

• How can I get it and learn more?



• The most widely adopted graphics standard
– most OS’s, thousands of applications

• Map the graphics process into a pipeline
– matches HW well

• A foundation for higher level APIs
– Open Inventor; VRML / X3D; Java3D; game engines

What is OpenGL?What is OpenGL?

modeling
�Ø

projecting
�Ø

clipping
�Ø

lighting & shading
�Ø

texturing
�Ø

hidden surface
�Ø

blending
�Ø

pixels to screen



What is OpenGL ES?What is OpenGL ES?

• OpenGL is just too big for Embedded 
Systems with limited resources 

– memory footprint, floating point HW

• Create a new, compact API

– mostly a subset of OpenGL

– that can still do almost all OpenGL can



OpenGL ES 1.0 design targetsOpenGL ES 1.0 design targets

• Preserve OpenGL structure
• Eliminate un-needed functionality

– redundant / expensive / unused

• Keep it compact and efficient
– <= 50KB footprint possible, without HW FPU

• Enable innovation
– allow extensions, harmonize them

• Align with other mobile 3D APIs (M3G / JSR-184)



AdoptionAdoption

• Symbian OS, S60

• Brew

• PS3 / Cell architecture

Sony’s arguments: Why ES over OpenGL
• OpenGL drivers contain many features not needed 

by game developers
• ES designed primarily for interactive 3D app devs
• Smaller memory footprint



OutlineOutline

• Background: OpenGL & OpenGL ES

• OpenGL ES 1.0

• OpenGL ES 1.1

• EGL: the glue between OS and OpenGL ES

• How can I get it and learn more?



OpenGL ES PipeOpenGL ES Pipe

• Here’s the 
OpenGL ES 
pipeline stages

– vertices

– primitives

– fragments



Vertex pipelineVertex pipeline



Primitive processingPrimitive processing



Fragment pipelineFragment pipeline



Functionality: in / out? (1/7)Functionality: in / out? (1/7)

• Convenience functionality is OUT
– GLU

(utility library)

– evaluators
(for splines)

– feedback mode
(tell what would draw without drawing)

– selection mode
(for picking, easily emulated)

– display lists
(collecting and preprocessing commands)

gluOrtho2D(0,1,0,1)
vs.
glOrtho(0,1,0,1,-1,1)

glNewList(1, GL_COMPILE)
myFuncThatCallsOpenGL()
glEndList()
…
glCallList(1)



Functionality: in / out? (2/7)Functionality: in / out? (2/7)

• Remove old complex functionality

– glBegin – glEnd (OUT); vertex arrays (IN)

– new: coordinates can be given as bytes

glBegin(GL_POLYGON);
glColor3f (1, 0, 0);
glVertex3f(-.5, .5, .5);
glVertex3f( .5, .5, .5);
glColor3f (0, 1, 0);
glVertex3f( .5,-.5, .5);
glVertex3f(-.5,-.5, .5);
glEnd();

static const GLbyte verts[4 * 3] =
{    -1,  1,  1,      1,  1,  1,

1, -1,  1,     -1, -1,  1 };
static const GLubyte colors[4 * 3] =
{ 255,  0,  0, 255,  0,  0,

0,255,  0, 0,255,  0 };
glVertexPointer( 3,GL_BYTE,0, verts );
glColorPointerf( 3,GL_UNSIGNED_BYTE,

0, colors ); 
glDrawArrays( GL_TRIANGLE_STRIP, 

0, 4 );



Functionality: in / out? (3/7)Functionality: in / out? (3/7)

• Simplify rendering modes

– double buffering, RGBA, no front buffer access

• Emulating back-end missing functionality is 
expensive or impossible

– full fragment processing is IN
alpha / depth / scissor / stencil tests, 
multisampling,
dithering, blending, logic ops)



Functionality: in / out? (4/7)Functionality: in / out? (4/7)

• Raster processing

– ReadPixels IN, DrawPixels and Bitmap OUT

• Rasterization

– OUT: PolygonMode, PolygonSmooth, Stipple



Functionality: in / out? (5/7)Functionality: in / out? (5/7)

• 2D texture maps IN

– 1D, 3D, cube maps OUT

– borders, proxies, priorities, LOD clamps OUT

– multitexturing, texture compression IN (optional)

– texture filtering (incl. mipmaps) IN

– new: paletted textures IN



Functionality: in / out? (6/7)Functionality: in / out? (6/7)

• Almost full OpenGL light model IN

– back materials, local viewer, 
separate specular OUT

• Primitives

– IN: points, lines, triangles

– OUT: quads & polygons



Functionality: in / out? (7/7)Functionality: in / out? (7/7)

• Vertex processing

– IN: transformations

– OUT: user clip planes, texcoord generation 

• Support only static queries

– OUT: dynamic queries, attribute stacks

• application can usually keep track of its own state



Floats vs. fixed-pointFloats vs. fixed-point

• Accommodate both 
– integers / fixed-point numbers for efficiency

– floats for ease-of-use and being future-proof

• Details
– 16.16 fixed-point: add a decimal point inside an int

– get rid of doubles

glRotatef( 0.5f,    0.f   , 1.f,    0.f    );
vs.

glRotatex( 1 << 15,    0   , 1 << 16,    0    );



OutlineOutline

• Background: OpenGL & OpenGL ES

• OpenGL ES 1.0

• OpenGL ES 1.1

• EGL: the glue between OS and OpenGL ES

• How can I get it and learn more?



OpenGL ES 1.1: coreOpenGL ES 1.1: core

• Buffer Objects
allow caching vertex data

• Better Textures
>= 2 tex units, combine (+,-,interp), dot3 bumps, auto mipmap gen.

• User Clip Planes
portal culling (>= 1)

• Point Sprites
particles as points not quads, attenuate size with distance

• State Queries
enables state save / restore for middleware



Bump mapsBump maps

• Double win

– increase realism

– reduce internal bandwidth -> increase performance



OpenGL ES 1.1: optionalOpenGL ES 1.1: optional

• Draw Texture
fast drawing of pixel rectangles 
using texturing units
(data can be cached), 
constant Z, scaling

• Matrix Palette
vertex skinning 
(>= 3 matrices / vertex, palette >= 9)



OutlineOutline

• Background: OpenGL & OpenGL ES

• OpenGL ES 1.0

• OpenGL ES 1.1

• EGL: the glue between OS and OpenGL ES

• How can I get it and learn more?



EGL glues OpenGL ES to OSEGL glues OpenGL ES to OS

• EGL is the interface between OpenGL ES 
and the native platform window system

– similar to GLX on X-windows, WGL on Windows

– facilitates portability across OS’s (Symbian, Linux, …)

• Division of labor

– EGL gets the resources (windows, etc.) and 
displays the images created by OpenGL ES

– OpenGL ES uses resources for 3D graphics



EGL surfacesEGL surfaces

• Various drawing surfaces, rendering targets

– windows – on-screen rendering
(“graphics” memory)

– pbuffers – off-screen rendering 
(during rendering “graphics” memory)

– pixmaps – off-screen rendering 
(OS native images)



EGL contextEGL context

• A rendering context is an abstract 
OpenGL ES state machine

– stores the state of the graphics engine

– can be (re)bound to any matching surface

– different contexts can share data

• texture objects

• vertex buffer objects

• even across APIs (OpenGL ES, OpenVG, later others too)



Main EGL 1.0 functionsMain EGL 1.0 functions

• Getting started

– eglInitialize() / eglTerminate(), eglGetDisplay(), 
eglGetConfigs() / eglChooseConfig(),
eglCreateXSurface() (X = Window | Pbuffer | Pixmap),

eglCreateContext()

• eglMakeCurrent( display, drawsurf, readsurf,
context )

– binds context to current thread, surfaces, display



Main EGL 1.0 functionsMain EGL 1.0 functions

• eglSwapBuffer( display, surface )

– posts the color buffer to a window

• eglWaitGL( ), eglWaitNative( engine )

– provides synchronization between OpenGL ES 
and native (2D) graphics libraries

• eglCopyBuffer( display, surface, target )

– copy color buffer to a native color pixmap



EGL 1.1 enhancementsEGL 1.1 enhancements

• Swap interval control

– specify # of video frames between buffer swaps

– default 1; 0 = unlocked swaps, >1 save power

• Power management events

– PowerMgmnt event => all Context lost

– Display & Surf remain, Surf contents unspecified

• Render-to-texture [optional]

– flexible use of texture memory



OutlineOutline

• Background: OpenGL & OpenGL ES

• OpenGL ES 1.0 functionality

• OpenGL ES beyond 1.0

• EGL: the glue between OS and OpenGL ES

• How can I get it and learn more?



SW ImplementationsSW Implementations

• Vincent

– Open-source OpenGL ES library

– http://www.vincent3d.com/
http://sourceforge.net/projects/ogl-es

• Reference implementation

– Wraps on top of OpenGL

– http://www.khronos.org/opengles/documentation/gles-
1.0c.tgz



HW implementationsHW implementations

• There are many designs

• The following slides gives some idea

– rough rules of thumb

• from a couple to dozens of MTri / sec (peak)

• 1 pixel / clock (high end growing…)

• clock speeds 50MHz – 200+MHz  -> 750 MHz

• power consumption should be ~ 10’s of mW



• Graphics processors

– G12: OpenVG 1.0

– G34: OpenGL ES 1.1
vertex shader

– G40: OpenGL ES 2.0, GLSL
OpenVG 1.0
vertex and pixel shader

– Flipquad antialiasing

– Max clock 200MHz

• Partners / Customers

– NEC Electronics

– Hybrid Graphics (drivers)

Bitboys



ATIATI

• Imageon 2300
– OpenGL ES 1.0

– Vertex and raster HW
• 32-bit internal pipe

• 16-bit color and Z buffers

• Integrated QVGA buffer

• Imaging / Video codecs

• Imageon 3D (for Qualcomm)
– OpenGL ES 1.1

– 3M Tri / s,100M Pix / s @ 100 MHz

• 2nd gen. Imageon 3D adds
– OpenGL ES 1.1 extension pack

– Vertex shader

– HyperZ

– Audio codecs, 3D audio 

• Partners, customers
– Qualcomm

– LG SV360, KV3600

– Zodiac



61

AMD Graphics IP 

3D Processors

�ƒ AMD Z430 & Z460

�ƒ Unified Shader architecture derived from the Xbox 36 0 Xenos core

�ƒ OpenGL ES 2.0

�ƒ OpenGL ES 1.1 backwards compatible

�ƒ OpenVG 1.x

Vector Graphics Processors

�ƒ AMD Z160 & Z180

�ƒ Native, high-performance OpenVG acceleration

�ƒ OpenVG 1.x

�ƒ 16 x antialiasing

All processors are designed to be combined to achie ve 
native HW acceleration of both OpenGL ES 2.0 and 
OpenVG 1.x for unrivalled performance and image qual ity. 



Falanx

�Ò Mali 110
» OpenGL ES 1.1 + extensions
» 4x / 16x full screen anti-aliasing
» Video codecs (e.g., MPEG-4)
» 170-400k logic gates + SRAM
» 2.8M Tri / s, 100M Pix / s with 4xAA

�Ò Mali 200
» OpenGL ES 2.0, OpenVG, D3D 

Mob.
» 5M Tri / s, 100M Pix / s, 11 instr. / 

cycle
�Ò Partners / Customer

» Zoran



63636363

ARM® Mali™ Architecture
�ƒ Compared to traditional immediate mode 

renderer
�ƒ80% lower per pixel bandwidth usage, even 

with 4X FSAA enabled
�ƒEfficient memory access patterns and data 

locality: enables performance even in high 
latency systems

�ƒ Compared to traditional tile-based renderer
�ƒSignificantly lower per-vertex bandwidth
�ƒImpact of scene complexity increases is 

substantially reduced
�ƒ Other architectural advantages

�ƒPer frame autonomous rendering
�ƒNo renderer state change performance 

penalty
�ƒOn-chip z / stencil / color buffers

�ƒminimizes working memory footprint
�ƒ Acceleration beyond 3D graphics (OpenVG 

etc.)

YESNAYESOpenVG 1.x

100NA275Fill rate Mpix / s

1M9M9MTriangles / s

200MHz275MHz275MHzMax CLK

YES

YES

4X / 16X

Mali200

4X / 16X4X / 16XAnti-Aliasing

YES

YES

MaliGP2

NO

YES

Mali55

OpenGL®ES
1.x

OpenGL®ES 
2.x



© 2008 Digital Media Professionals Inc. All rights reserved.

Visualize the futureDMP Inc.

�„ PICA graphics core
�„ 3D Features

�„ OpenGLES 1.1

�„ DMP’s proprietary “Maestro” shader extensions
• Very high quality graphics with easier 

programming interface
•• PerPer--fragment lighting, fragment lighting, 
•• ShadowShadow--mapping,mapping,
•• Procedural texture, Procedural texture, 
•• Polygon subdivision (Geo Polygon subdivision (Geo shadershader ), and), and
•• Gaseous object rendering.Gaseous object rendering.

�„ Hardware Features
» Performance: 40Mtri/s,40Mtri/s,

400Mpixel/s@100MHz400Mpixel/s@100MHz

» Power consumption: 0.5-1mW/MHz

» Max. clock freq. 400MHz (65nm)

www.dmprof.com



Fujitsu Microelectronics Europe – http://emea.fujitsu.com/microelectronics

Fuj i t su Graphic s Cont ro l lers

�„ Optimized for automotive environment

�zExtended temp range (-40...+85degC or -40...+105degC)

�zNo external active or passive cooling required 

�zLong term availability (devices from 1998 still in full mass production!)

�zFulfills the latest qualification requirements from automotive industry

�zAutomotive network interfaces included on-chip  

�zDedicated competence center in Munich for automotive graphics

�„ Used in many major car brands for :

�zOnboard navigation systems (2D and 3D)

�zCluster Instrumentation (incl. virtual dashboards)

�zRear seat entertainment systems

�zHead-up displays

�zNight vision systems

�„ Also used today in :

�zFlight instrumentation

�zMarine displays

�zMedical, etc...
~10MT/s ; 500Mpix/s~5MT/s ; 200Mpix/sPerformance

2 display outputs 
with dual view option

2 display outputs# of display outputs

4 video inputs (up to HD)2 video inputs# of video inputs

OpenGL ES 2.0 ; OpenVGOpenGL ES 1.1Graphic processing

~6 GB/s~2 GB/sBandwidth

Next generation (tba)This generation (in MP)Feature



Imagination Technologies
POWERVR MBX & SGX 2D/3D Acceleration 
IP�ƒ5th Generation Tile Based Deferred Rendering

�ƒ Market Proven Advanced Tiling Algorithms
�ƒ Order-independent Hidden Surface Removal
�ƒ Lowest silicon area, bandwidth and power
�ƒ Excellent system latency tolerance

�ƒPOWERVR SGX: OpenGL ES 2.0 in Silicon Now
�ƒ Scalable from 1 to 8 pipelines and beyond
�ƒ Programmable multi-threaded multimedia GPU
�ƒ Optimal load balancing scheduling hardware
�ƒ Vertex, Pixel, Geometry shaders + image processing

�ƒPartners/Customers
�ƒ TI, Intel, Renesas, Samsung, NXP, NEC, Freescale, 

Sunplus, Centrality & others unannounced

www.powervrinsider.com
Market-leading Ecosystem with more than 1650 member s

POWERVR MBX: The de-facto standard for 
mobile graphics acceleration, with >50 PowerVR 

3D-enabled phones shipping worldwide

1M … 15.5M1.7M … 3.7MTriangles/Sec

50M … 500M135M … 300MPixels/Sec

1.0.1 and 1.11.0OpenVG

Mobile, 9L and 10.1MobileDirect3D

2.0, ES1.1 and ES2.0ES1.1OpenGL

PowerVR SGX 
Family

PowerVR MBX 
Family

Performance quoted at 100MHz for MBX, MBX Lite and for SGX510 to SGX545.
Peak SoC achievable performance not quoted, e.g. <50% Shader load for Tri/Sec.
Performance scales with clock speeds up to 200MHz and beyond.
Planned future cores will offer higher performance levels.



MitsubishiMitsubishi
• Z3D family

– Z3D and Z3D2 out in 2002, 2003

• Pre-OpenGL ES 1.0

• Embedded SRAM architecture

– Z3D3 in 2004

• OpenGL ES 1.0, raster and vertex HW

• Cache architecture

• @ 100 MHz: 1.5M vtx / s, 50-60 mW, ~250 kGates

– Z3D4 in 2005

• OpenGL ES 1.1

• Partners / Customers

– Several Japanese manufacturers

Z3D
First mobile 3D HW?
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GiPump™ NX1005
; Mobile 3D graphics acc. with camera control functions
- OpenGL ES 1.1 /  GIGA / JSR184 
- 5M poly/s, 80M pix/s @ 80MHz, JPEG codec (3M pixel), ~QVGA display
- Cellular phone, smart phone, etc.

GiPump™ NX2001
; 3D Graphics enhanced multimedia processor
- OpenGL ES 2.0 / 1.1 Ext. / JSR184 / D3DM
- 10M poly/s, 200M pix/s @ 200MHz, ~SVGA display
- PND, PMP, game device, mobile device, etc.

GiPump™ NX1009
; Economical mobile 3D graphics accelerator
- OpenGL ES 1.1 + Ext. / GIGA / JSR184 
- 12.5M poly/s, 200M pix/s @ 100MHz, ~SVGA display, boost mode
- Cellular phone, Smart phone, etc.

GiPump™ NX1008 
; Mobile 3D graphics acc. with stereoscopic display
- OpenGL ES 1.1 / GIGA / JSR184 
- 5M poly/s, 80M pix/s @ 80MHz, ~QVGA display, stereoscopic display 
- Cellular phone, smart phone, etc.

GiPump™ NX1007
; High end 3D graphics acc. for mobile 
- OpenGL ES 1.1 + Ext. / GIGA / JSR184 
- 12.5M poly/s, 200M pix/s @ 100MHz, ~SVGA display, PIP supports
- PND, PMP, game device, mobile device, etc.

Nexus Mobile PlatformTM

Gaming Device Platform
(OS: WinCE, Linux, RTOS, 
etc. )
To: Game Device Maker

GiPump™ Series Service Solutions

GiPump™ Partners : Samsung, SKT, Other Device Manufactures 

GiPump™ SDK           
NXsdk with Emulator
NXsdk Shader+
NXm3g Engine
NX3D Engine & Tools

NX1008TKTM

3D Reference B/D
GiPump™ Integration Platform 
To: Device Developer

* GiPump™ : Pronounced, “G”, “I”, “Pump”.   It means “Graphics / Image Pump”.
* GIGA (Giga Instruction Giga Acceleration) : SK Telecom’s mobile 3D graphics platform
* PND (Personal Navigation Device)

NexusChips



© Copyright NVIDIA 2008

NVidia

APX 2500 application processor
Single chip, Xbox-class experience 

At less than 200mW

Up to 750MHz ARM 11 
MP Core, 256KB L2 Cache 

47 Mtris/sec, 600 Mpix/sec 
With typical early Z mix

45 FPS Quake 3 Arena
WVGA with 5x CSAA, 8x anisotropic

Media Processing Hardware
720P H.264 encode/decode
12 Mpixel camera ISP

100 hours audio on one battery

Khronos media API stack
OpenGL ES 2.0 superset

OpenVG, OpenMAX, EGL

Composition UI framework



Sony PSPSony PSP
• Game processing unit

– Surface engine

• tessellation of Beziers and splines

• skinning (<= 8 matrices), morphing (<= 8 vtx)

• HW T&L

• 21 MTri / s (@ 100 MHz)

– Rendering engine

• basic OpenGL-style fixed pipeline

• 400M pix / s (@ 100 MHz)

– 2MB eDRAM

• Media processing engine

– 2MB eDRAM

– H.264 (AVC) video up to 720x480 @ 30fps



• GSHARK-TAKUMI Family
– GP

• OpenGL ES 1.0
• 0.5M tri/s @100MHz, 170Kgate

– GT
• OpenGL ES 1.1

• 1.4M tri/s @100MHz, < 30mW

– G2
• OpenGL ES 1.1

• 5M tri/s @100MHz

• Partners / Customers
– NEC Electronics

TAKUMI
• Concepts & Architecture

– Small Gate Counts

– Low Power Consumption
– Vertex Processor (T&L)
– Dedicated 2D Sprite Engine

– Target Application
• Mobile Phone and Digital AV 

Equipments such as DTV, STB, 
DSC, PMP, etc.



ToshibaToshiba
• TC35711XBG

– Programmable shader

– Plan to support OpenGL ES2.0

– Large embedded memory for

• Color and Z buffer

• Caches for vertex arrays, textures

• Display lists (command buffer )

– 50M vtx / sec, 400M pix / sec (@ 100 MHz)

• clocks up to 200MHz

– WVGA LCD controller

– 13mm x 13mm x 1.2mm 449Ball BGA



Vivante GPU for Handheld
• OpenGL ES 1.1 & 2.0 and D3D 9.0 
• Unified vertex & pixel shader
• Anti-Aliasing
• AXI/AHB interface
• GC500

– 3 mm2 die area in 65nm (1.8mm x 1.2mm)
– 10 MPolygons/s and 100 MPixel/s at 200 MHz

– 50mW GPU core power

• Scalable solution to 50 MPolygons/s
and 1 GPixels/s (GC1000, GC4000)

•• Silicon proven solutionSilicon proven solution
• Designed into multiple 65nm SoCs



SDKsSDKs

• Nokia S60 SDK (Symbian OS)
– http://www.forum.nokia.com

• Imagination SDK
– http://www.pvrdev.com/Pub/MBX

• NVIDIA handheld SDK
– http://www.nvidia.com/object/hhsdk_home.html

• Brew SDK & documentation
– http://brew.qualcomm.com

• see http://people.csail.mit.edu/kapu/EG_08/



Mobile 3D Graphics 
with OpenGL ES and M3G
Mobile 3D Graphics 
with OpenGL ES and M3G
Kari Pulli, Tomi Aarnio, Ville Miettinen, Kimmo Roimela, Jani Vaarala

• http://www.graphicsformasses.com/



Questions?Questions?


