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ARM7

ARM Powers the Mobile World

>12 Billion ARM Powered® chips  asoo
In mobile devices 4000

3500

2.5 Billion ARM Powered chips 3000
shi pped in 2009 2500

B Partner Shipments
i Mobile Contribution

==Handset Shipments

2000
Average phone has > 2.0 ARM i
chips Sl
t&:aPI(a:bl e performance from U LCH ’ 2003 2004 2005 2006 2007 2008 2009
0

Industry units (ex-memory) down ~20%

CAGR ~ 40% of smartphone ARM FYO09: 3.9bn units (down ~2%)
predicted until 2013

ARM9 ARM11 Xscale ARM11 Cortex-A8



ARM Cortex Family of Processors = &%=t

Bringing the benefits of architectural c rtex'
i nnovatl on across the CompUtI ng Intelligent Processors by ARM"

ectrum
Sp / : Xléo rtex-A9 X

: Cortex- A8

+ARM Cortex™-A Series:

Applications processors for complex

OS
and user applications

Cortex-A5 "

: Cortex-R4F

: Cortex-R4

1ARM Cortex-R Series:

Embedded processors for real-time
signal processing and control
applications

) Cortex-M3 ) sc300™

- Cortex M1

B Co rtew




ARM Powered Smartphone Qg

Bluetooth 4 ® I-.. WiFi
ortex™-M3 & Cortex-M( y Cortex-R4 & ARM968™

Cellular Modem
Cortex-R4

SIM
SecurCore SC300

.,

Flash Controller
Cortex-M3

- "r*"
Apps Processor
Cortex-A9 (MPCore),
Cortex-A8 and
Cortex-A5 (MPCore™);
Mali™ Graphics and Video

GPS

Cortex-M3 & Cortex-MO

i

Power Management
Cortex-M3 & Cortex-MO 5=
PLUS
AMBA® Fabric
Physical IP 65-28nm
Keil™ Development tools

Touchscreen Controller
Cortex-MO




Architecture Evolution on ARM Qg

Cortex A8, Cortex-A9,
- ll

QCT Snapdragon, Marvell c rte)(

Intelligent Processors by ARM"
[ Adv SIMD
Thumb®-2 j
TrustZone™
WO Tusizone™

VFPv2 j

Jazelle®

V5




Expect a Wider Smartphone Portfolio &=

Toshiba
TG-01

Just some of the Cortex-A class
mobile devices announced

Samsung
i890 HD

Motorola Droid

HTC Nexus One Nokia N900

Today’s advanced handsets

are becoming mobile computers

+ Only been 12

months since first

ARMV7 handset
was announced

+ All the top5 OEMs

now have
Introduced
ARMV7 products

+ 2010 smartphone
featurestrickle
down to 2013
low-end
handset

#"% LiMo Foundation

" ) o 19
" @
| SYMBIAN
I ppailt
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Delivery of Applications is Changing S0

eiljl

Interface for delivery of Increased SW layers vs speed
services is changing of deployment for new apps

{; . N
A’Ax Google E Plug-Ins /
> r::Gears R4 Web

Microsoft

< pr| B silverlight Vmgc;ct’s Enablers
@ O e ﬁ 0 Browsers
Internet Google Mozilla
\ “" Opera Webkit Explorer Chrome Firefox
e & macmo ..
1 {/
W'ﬁ%%‘.‘i'g f,A‘._ LiMo Foundation . _u UbuntU

Requirement for strong & diverse SW eco-system

Driving Migration to ARMv7 Application Processors




Redefining “Mobile”

+ ARM Cortex devices are
defining new categories of
mobile products

Chipset variety and multiple 9 _
operating systems enable

Latitude Z 600

product diversity oo ’

+ Frst ARM technology-based
mobile computing devices
announced by leading OEMs

Mobile computing market
expected to grow to 500m
units by 2014*

More Announcements
Expected Through 2010




Rapid Evolution of Devices

.

Innovate

Differentiate
Competition

Results
In rich
selection

of devices

J

Always Connected
Smart Mobile Devices

Tablet smartbook

Is this the [ enovo
breakout launched at
year? CES

eReader

New must Netbook
have device, 2 yrs since

major introduction
innovation

On-Demand Connected




Right-Size Computing e 8

{ ?1 + CPUs -- High-performance / low-power CPUs are

- critical; you don’t need high-end level PC processor
performance

= + GPUs-- Critical and are more important for the success
St of these devicesthen the CPU. A good GPU can make
' or break the device.

+ Video — It isabout HD, you can’t do it, you can't play.
720p today moving quickly to 1080p

+ Fabric -- High-performance and efficient SoC
~ design ... memory performance makes or breaks the
design




Key System Components Qg
ARM v7 Architecture Processor

3D Graphics and HD Video
Complex with at least 256K L2

Acceleration Blocks

LVDS HDMI
Osprey 2GHz+ —_—
intctlr | NEON NEON
i i- i- ARM968
Timers | Cortex-A9  Cortex-Ag | 2i-400 = Mali-VE LCD
'I CPU CPU GPU Video Video CPU p y
Boot CODEC Interface
ROM I‘ L2 Cache Wifi 802.11
NIC301 AMBA AXI Interconnect Cortex-
Cortex-M3 R4 CPU
or l GPIO —_— N 7
- texR4 Audio SDRAM Flash UART »— I:\),/Icc;){j‘lecr;n
State Controller Controller Spl _1
k j SATA S
N\ PHY USB
DDR2/DDR3 PH Camera \‘/
- R SC300
= 3 v —
Cortex-M0 M\I\;C v e Camera CPU
CPU g DDR2/DDR3 Flash
SD Card SDRAM
Power USIM
management &
touch screen
Touch High-Performance Interconnect
Screen

and Memory Subsystem



2dina Mobi

New NVIDIA® Tegra™
Mobile Web Processor

* Dual-core ARM* Cortex-A% MPCore processor,

up to 1.0 GHz

* Litra low power MVIDIA graphics supporting
OpenGL ES L0

« Adobe® Flash® 10.1 acceleration

= Full HD multimedia including 1080p encode and
decode

* Dalivers up to 140 hours of audio and up to 16
hours of HD video playback

* 11 megapoeel camera support

ST-Ericsson U8500

* Dual-core ARM* Cortex™- A9
MPCore " processor

+ ARM Mali™ 400 GPU and NEON™
CPLU extensions

* Full HD 1080p camcorder, multiple codecs
supported (H264 HEVC-1, MPEG-4)

« Simultzneous dual display support

« High-performance 3D graphics, support
for OpenVG 1.1 and OpenGL ES 2.0

# State-of-the-art HSPA, (High-Speed Packet
Access) with selected H5PA+ features

ls.'-- ST

*&® ERICSSON

lons 2010

Qualcomm QSD8672

Custom Dual V7A CPUs, up to 1.5 GHz for faster
response and processing

* Low-power 45nm process technology for higher
integration and pérformance

= Higher-resolution W5XGA (1440 x 900)
display support

* High-definition (1080p) video recording and playback

* Support for HSPA+ networks — 28 Mbps downloads
and 11 Mbps uploads

* Supports COMAZ000 13X, 1xEV-DO Rel (VA/B
networks

* Improved 3D graphics — up o BOM wriangles/sec
and 500M+ 3D pixelsfsec

TI OMAP 4430 Processor

* Dual-core ARM® Cortex™-A% MPCore™ processor
ar 1+ GHz with ARM NEON™ technology

= VA3 multimedia accelerator — enables full 1080p
HD video playback and record, running 30fps

* M-5Shield”™ mobile security technology enhanced
with ARM TrustZone™ support

* Supports OpenGL® ES v2.0, OpenGL ES v1.1,
Open¥G v1.1 and EGL v1.3

* SmartReflex” 2 technology - Advanced power reduction
with dynamic voltage and frequency scaling (DVF5)

* Provides up to 140+ hours of CD-quality audio playback

« Delivers 10+ hours of 1080p HD video playback, 4+
hours of 1080p HD record TeEXAS
INSTRUMENTS




Increasing Performance in Your Phon

eijing= ==

12,000

10,000

2X-Cortex-A9 2GHz 4x-Cortx-A9 1GHz
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Performance DMIPS

4x Cortex-A5

ARM 11+ Performance
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¥

Mobile Client of 2013

Evolve to become persona
compute platform

Console quality gaming
Navigation with augmented
reality

Advanced video

capability

More web interaction

Content & applications
delivered using HTMLS5 &
FP10

Fast broadband
Enterprise applications

Advanced multi-
processing drives new
consumer paradigms
and uses

Fast battery charge

-E Bk

AppSs processor

Multicore, GHz solutions

No change to 300mwW power
budget

New generation MP with
greater dynamic range of
performance

22nm
New generation GPU

| solation of applications &
secure payment

+ LTE 100Mbps

}New-generation processor to
handle high data rates



PC Legacy on x86

Software designed for PCs Software designed for mobile

Windows focused 15+ years of power optimized

PC form factor focused software
Designed for Core2 Duo+ Software designed for mobile

o experience
Non optimised for power P

Only one mobile O/S

Moblin

Still not shipped on a mobile phone
Moblin Garage App Store

Trying to bridge Atom performance
gap

Utilizing location, camera, always on,
always connected ...

Multiple mobile O/Ss
Driving innovation and diversity
Many now open source
Production proven

<100 applications on Moblin Garage Vibrant application stores .
Hundreds of thousands of mobile

Embracing QT phone applications on multiple

Hoping to build upon ARM ecosystem operating systems and store fronts
momentum




Choosing the right architecture?

+ Designing for OpenGL ES 2.0 and OpenVG 1.1

Geometry load constant, pixel processing scales with screen
resolution

No additional geometry overhead when scaling pixel
performance

} Separate Mali geometry & pixel processors

= 1ling - optimum configuration fox s
i [l T - mw
. wEm LR
D/3D_ | . Fu: Fragre : Frayrem
e 0N through independent clock gaf = ! wm | |
Post O . Mum.'\'-r.i.-.:.x.s.n-m..umur.:
gl on “unified” shader for OpenGL E= ===
=" '




Future Technology Directions

+ Energy efficiency and high performance
Focus on memory bandwidth usage

+ Areacefficiency and flexibility/re-use
Multicore designs for scalable performance solutions
General Purpose computing on Graphics Processing Units (GPGPU)
Embedded application: image post-processing

+ Composition software will be key
How to mix Audio, Video, 2-D graphics, 3-D graphics, Ul, etc.

+ 2012 graphics architecture changes will be driven by new functionality
E.g. 2nd generation GPGPU, OpenCL and geometry shader
Note: none of thisis supported in current OpenGL ES standards
OpenGL ES 3.x specification will not complete until 2012



Porting Premium Games on Mall %

Airplay is a unique technology from
ldeaworks3D, delivering console-quality
gaming to any ARM and Mali based platform.

ARM recently announced investment in
ldeaworks3D

g ldeaworks3D Store Front on Mali
gProject Gotham Racing

g Resident Evil

q Fishlabs — Powerboat challenge iPhone

ame Mali200 platforms (OpenGL ES 2.0) deliver an
g experience comparable to current-generation
consoles.



Next-generation 2D and 3D Navigatiof##e)

Beijing™

+ Working with TomTom and other middleware providers: s
generation PNDs
TOMTOM
+ Acceleration of navigation elements through Mali OpenGL ES
Textured roads
Digital terrain modelling, fogs effects
Elevated roads on landscapes, road intersection @ TaEsETT

3D birds-eye view, redlistic road signs

+ Joint project with TomTom on Mali-55 and Mali-400 based platforms:;
OpenGL ES 1.1 for map rendering

OpenV G for font rendering and Webkit
OpenGL ES 2.0 for 3D junction view

NAVTEQ



Browser Acceleration b i

} Worki_ng with Qpera ar _Q éﬁ?ﬁ:’; 1ablerich
browsing experiences

+ Key activities
Benchmarking browser experience on Mali

Optimisation suggestions for usage with hardware
acceleration

| mplementing use-cases and benchmark tests



ARM Software Ecosystem

uuuuu

Coemaax # Windows CE &
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expresslogic
F.V 902 ™™ Odebian
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Priority Enablement Projects oy

+ Many ongoing engagements
Linux Kerndl, GCC, etc... OpenlDK

+ Priority projects for update
Java and JavaScript
Browsers
Android/ChromeOS
Flash 10

® &

‘; mozilla

) Firefox

]
cIN220I1D




£ _.
JavaScript Acceleration Qg P

+ 2009 was the year that JavaScript performance
accel erated =

+ 4 Key Open Source Projects to accel e e
“TraceMonkey” — MozillaFoundation ~ §
“Tamarin™- Adobe
“Squirrel Fish (Extreme)”- WebKit
“V-8"- Google

§ All accelerate JavaScript by compiling it to w
native code (JIT) 3

§ Some vyield up to 5X+ performance
Improvement

§ Example: Factorial is faster than non-optimized C

factorial




Mozilla Firefox and Eennec Browsers %

+ Targets Smartbooks, Smartphones, DTV's...
ARM created enhanced “Tamarin® nano JIT code gene
ARM optimized Cairo graphics for NEON
ARM isworking with Mozillato add OpenGLES 2.0 \

+ Firefox 3.5 up to 2x faster* than F| refox3 0
7x JavaScript improvement DEtWeer: = s 6 5 e S = e

+ Release schedule parity with Inte
Frefox 3.6 Dec 2009

Fennec -W duled for Nov 2009| &
Fiew:Hep & ~ddors Abor dzziz CCs % Wzz-anse Fer cmaved
* Sunspider benchmark —

Sizimarea




Webkit - Advanced Browser Framewo#k®
}--Webkit forms the basis for >6 browsers on ARM

@ 1 Webkit framework has 2 parts
_ ' WebCore — supports different graphics libraries

JavaScriptCore — supports different JavaScript Engines
+ ARM isoptimizing key libraries and engines

L

'ﬂ'ﬁ;{lﬁig‘? A D, 4\?
° (B, iy Ry - O
Squir_rel Fish_ Cairo 2D - - Squirrel Fish Nitro
Javascript Engine Graphics Google V8 Extreme
/ Javascript Engine Javascript Engine
l |

e

Midori

Symbian S60 QT Browser Browser Browser
Browser Framework

Browser Safari
Browser



Browsing on ARM Surpassing Intel %
Cortex Web Page Rendering vs. Atom

1 Cortex-A8 delivers
similar performance of
Atom at much lower

ni o Algo MID (25001 Eee PO 801 (NZ70 ARM Cortex-A8 Toshiba NE2ZOS  Ese PC 901 (M270
HToff 280 F

" §Cortex-A9 is 50% better
@) than Atom at same MHz

1
+ 50%
4
2
r
n
“:"‘ [ Er= —
ot
¥4
dulincprunbre sapoSdiDgsoouyt T .-\.".-P'.'f'.l'__;Ni.‘\: Tuad b ML Len FOHOY (Mo LR e T ety ." o R ML L)
Wign 1 (28U " Gl e Test platform: ARM Cortex A8-based SoC, gcc 4.3.3
TR=s - BT ARNK A DAL
Ak e bn bt Intel Atom-based netbooks running Linux

Benchmark: Bbench browser workload, Firefox 3.5

Average web page load times (Bbench Suite)



ARM Innovating with Google

+ Android and Chrome OS target ARM from the
\ Wt

eijing

§ Google, ARM and other OHA Partners deliver more ARM
optimizations with each Android and Chrome OS release

§ Staying with the mainline allows access to the latest features



Android and ARM Inseparable Qg

+ Android was developed for and shipping exclusively on ARM
__ nthe Android prototype to the Motorola Droid and NexusOne

I \., S ,
+ Android is optimized for ARM
1,200 files of assembler code.
20,000 or 28% of Bionic libraries are ARM assembler
6,300 C & 4,900 C++ filesmany with ARM optimizations

+ There are 268 companies and entities contributing code to the ARM
Android codebase.



Google Dalvik Java VM Optimization

+ Dalvik JI'T announced publically at Google-10 May '09
+ Google has partnered with ARM on Dalvik open source project
Initially work on interpreter improvements yield >10% Uplift
ARM working on JIT contributions to code generation
ARMvV7 Thumb2 and Thumb-2 EE (as appropriate)

Change in performance with all changes
16

baseline ——t—
ﬁ cutting edge ——s
15 1
. |
Cumulative improvement L4 R
- b H i ‘I's
ARMV/T interpreter over ARMvST 13 f-, f ‘; [ X i )
. U B SR \ Vo
EEMBC Grinderbench . AN \ X ANAN
: f 1 \ [N SAVAR
WY L / RN A"
TRl VAN Y % v/ (
1 E g ! ! ] ] 1 ] i i i i i i i k] 1 ! i ! i §
0000932 QSR EEEIRRLL X
Py g» = 8 oo g} i3 2= %
# g 5 & 2
» £



Cumulative Android Neon Optimization Impact
Android optimizations for ARM architecture

2.5

E Skia
2

‘ Optimization and
u Dalvik JIT

Benchmarking work
& Browser Continues to improve
performance Performance

Ul performance

1.5

1 -

0.5

0 4

haseline wk2 wk 4 wk B whk 8  wk10 wk12 wk14 wk18

+ In Android and Chrome, Skia 2D graphics lib and
Davik JIT are critica
Some Skia routines see as much as 500% lift from Neon

Overal performance improvement of 30% in Ul, 10~30%

IN browser use cases due to Neon optimized Skia
Benefit increases at higher screen resolution

Notes: Test platform: Cortex A9, PL310 L2, 4:1 memory system, Android
0S, gcc 4.3.3

Benchmark: Skia graphics lib, Bbench browser workload, Dalvik JIT




vehicle

Vector & raster graphics Bi-directional audio & Execution of ActionScript

rendering via software video streaming via programs via Tamarin
and hardware engines Audio and Video codecs Central Virtual Machine

§ Three core technology
threads as part of Flash



Time [ms]

Flash Player 10 — ActionScript 3.0 G0

Sunspider (total)

12000
10000 § 50%+ speedup from
8000 original NanoJIT to
5000 current version
., § Applies to both

i | A8 and A9

A8 - 800MHz A9 scaled to 800MHz Atom (scaled to
800MHz}

§ A9 36% faster than Atom at same speed
§ A9 76% faster than Cortex-A8

Test platform: ARM Cortex-A8 based SoC at 800MHz, ARM Cortex-A9 test chip dev
platform at 460MHz (scaled to 800MHz for comparison), ARM Linux, gcc 4.4.3

Benchmark: Actionscript running Sunspider




Java Standard Edition on ARM
+ Java Standard Edition v6.10 (ARM)— =
available from Sun since Q1 2009 -

+ For ARM Linux 2.6.22 and above

+ Full Desktop Javafor ARM
+ Includes C1 Client Hotspot JIT
+ Powers Java Appletsin browser
+ Powers many desktop apps
+ Popular in Enterprise front-ends

—

——

: : FF facebook Home Profile Friends Inbox (17

Upload Photos - Fall 2008

Add Photos BGEL RS | Edit Info | Delete |

thinkfree




OpenJDK (lcedTea) on ARM

+ Added optimized ARM Assembly
interpreter for Ubuntu — 4x speedup

+ OpenJDK optimizationsin Karmic
+  Accepted by Canonical
+ Pushed upstream to IcedTea
1+ Free Open Source Java
+ Complete implementation
+ Java TCK compliant

facebook Home Profile Friends Inbox (17

- Upload Photos - Fall 2008
OpenOfficeoy 0

rganize | Edit Info | Delete |
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ARM AL HH 2% 1 v R

r'y Cortex-A9
Cortex-A8
ARM11" MPCore™ = 4X

ARM1176J(F)-S"
ARM926EJ-S" H

i
.
b4

Applications
-
A Cortex-R4(F) 2 Cortex-R4X
ARM1156T2(F)-8"
ARMO46E-S"
ARM96SE-S™
ARM7TDMI® - 5] . m Real-Time
é‘;ﬂ Embedded
>
& Cortex-4V3
Cortex-\M0
Cortex\1 ARM7TDMI

.
E MCU & FPGA

g

;. B @ oo




ARMAE R G514 1) 5 &

o 0 I

: SIMD Instructions

Halfword and
signed halfword
{ byte support

Systermn mode

Thumtb
instruction set

Improved
ARM/Thumb
Intenworking

CLZ

Saturated anthmetic

DSP multiply-
accumulate
instructions

Extensions:
Jazelle (STEJ)

MUlt-processing
Lnaligned data support

Extensions:

{ Thumb-2 (BT2)
TrustZone (65)
Multicore (Bk)

: Thumb only (6-M)

ég%%?#%ﬁ!kﬁ'

L Thumb-2
: P NEON
wE Mermory architecture TrustZone

Architecture Profiles:

7-A (Applications) : NEORN

7-R (Realtime): Hardware divide

7-M (Microcontroller): Hardware
i divide, Thumb-2 only
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System Peripheral Muttimedia Acceleration
4 RTC ) { CameralF )
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ARM1176JZF-

S AhFHESF

!

X

JTAG inlerface

ARMITTEILF-3

ETM inlerface

L

Wactar Flaating
Point Coprocossor

Coprocessor
inlerface

VI inberface

|

Instruction Frefeleh Inleger Load Slore Qala
Cache Unit core LInit Cache
Instruction L1 insTuction n'aun‘:”;:rlr'yerr’ L7 data side Data
TZM side controller ul;lj'ﬂ' ’ controller TCM
Syslem
metrics
L2 instruciion Poveer _Z data Fernpheral L2 OMA
interface control interface port interface




ARM1176JZF-SH#tE:

= ARM1176.J2(F)-5
= Architecture v6Z - TrustZone

8-stage pipeline
» Load/Store Unit separate from ALLU
= Static and dynamic branch prediction
= Physically-tagged 4-64k caches
= Dual configurable TCMs
= Memory management unit

- ﬂptinnnl IurFFI

ARMa

Memory Management = Four AX| memory ports

= Jazelle-DBX support
o = Intelligent Energy Management (IEM)
Interface | [ DMA = Optional integrated VFP coprocessor

AMBA AX| Intarface

[
|-
~
_ M|
=
=
—
=
] =
[ =
=T

= ARM1136J(F)-S (not shown here)
= AHB memory interface
= No TrustZone support
= Single TCMs




ARMZ A R 4 oy

MPU — Memory Protection Unit Cache
Controls memory access pemissions Fast local memory
Controls cacheable and bufferable Hold.s copies of recently accessed memory
attributes for memory regions locations
MMU — Memory Management Unit Write buffer
Has all the features of an MPU Decouples writes to cache and external
memory

Also provides Virtual to Physical address
translation CP15 - System Control Coprocessor

Controls core and cache configurations
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nlRG
Interrupt
Sources
Anplicati , Core branches to - Top-level handler Handler for
pplication code vectar table specific source
Handler clears
SOUrCe

~

i
Handler clears
Interrupt
Controller




) & TR RS

Interrupt
sOurces

|

IRaADLDR

Application code

|

Handler for

Control passes

directly to device »
handler

specific source

Handler clears
source and WIC

~



ARMERE R St

Clocks and DMA
Reset Controller “ Port
Priﬁe';nsor = “ Extemal
= Memory
core <L Intetface
1,
u i}
=
eI
nlRG
TTnFIQ “ On chip
; ] memoty
PrimeCell
Interrupt ”
Contreller APB
Other E B “ Bridge
PrimeCell ﬁ <L
Peripherals <L
1]
=
T,

Custom ARM based

SoC

Peripherals
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1 TOP6410X H256M Byte mobile DDR, M F16
{37 f¥ymobile DDR 32437 % 1 256M Byte,

} 641037 ¥FMobile DDR. SDRAM. DDRI. &3
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TOP64 105 R LN ¥ t-2

16Mbit x 4banks x 16 I/0 Mobile DDR SDRAM
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DIO 3.3V A 545
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