Android on MIPS

ET2009 at OESF : Nov 18t — 20t" 2009

M

TECHMNOLOGIES

© MIPS Technologies Proprietary and Confidential



At the core of the user experience.
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End Market Share
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Android on MIPS

< Android™: Google A\ HRBILA—ToV—X-F
| SYRIA—L FTEFERERSNOLA
@ RBEBAY IR T ON—F YT IRERRBERR
= BRETIVr—ar bl EEE
= BEEOHMIGHEAZRE
= JOtyS X RE T HE

< MIPS [& OESFIZiNZ T Open Handset Alliance (OHA)
Z3HS M EHERBERITOANdroidBEIRICHLE B

» MIPSOTORILRESBHTOEREIL., AndroidZET 1
BUNDIHHIEAFEL T, miEEILX DTV, STB,
VolIP, MID, DPF, PMP...

- FARPBZEERTIREL-ARRE/Y—E XZEH
o VRAFLAUTTL—ay
- BF.TN\VITY—IL
- BIEY—EX
- ZDfth

“Android on MIPS Y—X-a—F2k:
< www.mips.com/android kYA O—KFalgE
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Android on MIPS : B#&

< MIPSIREETEHTIFILREMIET. MIPS Android D it FA BB
FHEE
= wykbyT-RyOR, HDTV. TR -E T4 1428
o FT-Ti A RARHT—T IR DHEH
= RYRTVI EBAA—YMESR. TUORAIL-TANTL—LA, FDHh
> Android A—72Y—XY)—TD, MIPSO7 DIERHYR—F
s MIPSO7E7—FTOFvIZ&REIELT-AndroidIRED {24t
s FEARSAE—EY—F/I\—TFT 1 N—bF—Z KB EEFEEMI
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At the core of the user experience.

Android: the Full Stack
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MIPS’ licensees, partners, and the community will
contribute much of the longer-term effort
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Universal Media
Player

Networked

Multi-Protocol Media Tank

IP Phone

IPOD Video

LCD TV
Recorder

with Widgets
IP Set-top Box

HD
Home Entertainment
Device Portable Media cameorder Movie Player STB
Player
3 ‘ Networked Digital
Photo Frame
Digital Media .
Player Personal Media
Retail Shopping Player
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Open Embedded Software Foundation

% AN—1tE: 52%t

v FE7IVr—LaVAFICBESRILYI7 - REVITHIL—LT—Y
CHEERDIRELEDEREHE

» STBT—X>4 - IL—F&. Sigma DesignsttMOMIPS32 24KE

R—Z TS5k I4+—L%EAndroid STBYI7L VR - R—FEE

= Google(XOESFIZ, #®EIZLNDT T Ur— 30 TOAndroidDE &I
B9 51 hEikiE

% CEJ—%25-JIL—7&. MIPS-Based DRMI Au1250
R—LAT AT T A4¥—% Android CEYIZ7PL VR -R—MZEE

» VoIP D—%24 -4 )L—7 (%, MIPS-Based®RMI Aul300 FS5vhIJ#+
—.LZ, D2 Technologies MY I+ 7 BEEAEHE . Android
VoIP Y7LV R i R—FTEE

» Embedded Master 1 (EM1 “Blueberry Cupcake”)
= ET2009F TIZ{t#& — (OESFAU /N—D #)
= —REMFDY—XIF2010F28 D FE
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Android on MIPS $ %0 REE
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TORANRERBMIT TSV I+—L: AndroidR—2X -
Y27 L RERETERIH
= TUAIKR—LEER STB, DTV, Blu-ray
= R—BTIL-TIORIIHR— LR PMP, ENAILA 23—y MESR.
FILT VY
= MIPSTAto—EBAL, BELLI-Android T3y D4+ — LZERF
BT EV A —arv DR
= )I7ULARKEHCRAIT =B BB ER
= Android~® E7Z LR EEDE N
= YhRIEEETIRIET DO DTIL—LT—IDIEIE
Android [2&k% HDXJ it
= Sigma Designs#tAYAndroid@l [T D7 )L HD 1080p7 L—/\w % -4
R—hZEift
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Android on MIPS :
Performance
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Android on MIPS :Performance

Android MALIREEN (X, LT DALE

< Dalvik77)4—i3> : Dalv
** Web browsing

» User interface
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Dalvik Applications — Dalvik VM performance

% Dalvik7F)hr—avidlavaEETitaieh i, EERDET
[%. Dalvik £ TEITRIBELR /A Fa—F[Cav/fIILEn b,

% HRDDalvik EOF7FT)Hr—avid,. #FhEFhERIDDalvik VM
L TETEIND,
= TILFRLYRFELUTILFOTIREIL. Android EETIREICHD)

< Dalvik VMI&., Java VMERIL &S GETRIBEN. LORE—F
KDVMERLE,

= ZLDOL IO RAYREEHDMIPS7—XT9FvId. Dalvik VMDD AL
HEHZRLESEDRDIZHEM,

< Android®Caffeinemark{ElZ. Dalvik VMDD IREE H % 8535
EBLhb,
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IVM RUOFI—4:-MIPS74K a7 D F =

< Java Game, BD/STBAMDIRILO 7 ICHEBELGTETT
WAV
< Javad)CaffeineMark{E (L., LEEE N Z R SHI51E
= Java®CaffeineMarkiilZ. Android® CaffeineMark{E®D & &
Z10f5D1E
| % 74K [£ IJVM £ T A8 KU~ 96% H ik
= A8 JVM tHEE : ~12 CaffeineMark/MHz
= 74Kc JVM THRE: 16.83 CaffeineMark/MHz
= Total = (Benchmark @ MHz) * (Max Synth Frequency %
Benefit) = 140% * 140%
74K [ RIRVFI—UT A9 &Y ~81% EiX
= (BT A0 HER)
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Web MERED H51E

< WebaUTUYDRBIZKEEREFLET,
= [Interactive AJAX content vs. Simple HTML
= |mage heavy vs. text

@ R=D-LUAYUTRE

o A A= LTI

< JavaScriptiLE

o ARSI TL4TRDWebaA T VEIL, JavaScriptLE#E
NITKEEKFELET

= PC: Chrome vs. IE8 vs. Firefox “performance” judged mainly
on JavaScript engine performance

© 2009 MIPS Technologies Proprietary and Confidential 14



KYEZEL JavaScript [

KYUEEAL Web ExperienceZ{g it

< PCE®MBrowserflLEgE HDELME, IEIC,

JavaScriptTo o D NE

RENZERLTLET,

= SquirrelFish Extreme (Nitro)

« JavaScript Virtual Machine engine used in
WebKit Open Source Project

« Some projects that make use of WebKit:

= Safari, Qt, Arora, Midori
= V8
* Chrome

= Tracemonkey (w/ nanoJIT)
» Firefox 3.5.x

= |E8
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JIT & JavaScript TPV

< JITEREIE T HEIZKY, JavaScriptR—RDWebR— |2
MT BTSN BER LR, T, 7TV r—2a DM
HENZHELEFT,

< TamarinA—7FoY—Z-FASz I DIITHfiZALSEIZEL
UR quJ?j')b'—ya/&MEﬁ'éjJ%r‘lJ:_IﬁB'Cﬂ'o
= Flash 10
= Yahoo Widgets

From our recent press release:
Adobe comment :

“We are pleased that MIPS Technologies is " ' ‘
optimizing key elements used in our Flash ‘
Player technology for its architecture. We Adobe

look forward to incorporating these \—/

optimizations in future Flash Player releases

in support of the many SoC vendors using M ' I:S

the MIPS architecture.
TECHNOLOGIES
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Web Performance Benchmarks

Relative Javascript Benchmark Performance (measured in time - shorter bar = faster)

Time relative
to 74k

OInterpreted W JIT

H/W Platforms:

6x 74Kf = Sigma Designs SMP8642 @ 660 MHz
A8 = TI OMAP 3530 @ 500 MHz
Atom = Intel Atom 330 @ 1.6 GHz

5x

4x

3X

2X

1x

- ”— 74Kf_32K/32K_0KB 74Kf_32K/32K_256K (est) A8_16K/16K_256K Atom_32K/24K_512K
i = V8/Sunspider benchmark suite
© 2009 MIPS Technologies Proprietary and Confidential All results normalized to 1 GHz 17




Javascript NFI—2: 74K KPR

00

)

TS, Adobe Flash, E-mail 9547V M RBHERITIVODY
74K : A8 kU ~200% &Ei®E (Javascript)

CR )

L)

*%

.0

% 74K : A9 kY ~ 160% & iFE (javascript RF<T—%) (Estimate)

&

)

*

Using Open Webkit JS Engine (SquirrelFish), JIT enabled

&

)

*

Testing:
= Results for both cores based on benchmarks run on real silicon

« 74K — FPU, DSP ASEV2, 32KB L1 I/D caches, w/ 256 KB L2 cache, ~ 5:1 mem
system

* A8 — FPU, NEON SIMD, 16KB L1 Inst/Data caches, 256 KB L2 cache
= JS performance tested with SunSpider and V8 benchmarks
= Both results scaled to 1GHz MHz

* Used ARM claimed performance numbers for A8, with their scaling from 500
MHz to 1 GHz (run on OMAP3-based Beagle Board)

L)

© 2009 MIPS Technologies Proprietary and Confidential 18



A—YF—A3—TJx—X1EHE
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Androidl&, 2D/3D HWS 574y REZEHR—ELTLVELY,
2D 5740 RNE(L, HBEILESNT-SWS4/4TF)—IZ kYN,
= PixelFlinger 247 3!)—M ELRNILD2DUNIEFITS,
< BEMLIDYR—IE, OpenGL ES 1.1IZT{ToTLVS,
= OpenGL ES2.0IZ#1T¥E.
& IZNSIEROV—2 2L TIE, BIRDHYR—FTOK,
| % KELRH)—2IZxLT(> 640 x 480), 2D HWZ2tESL—arht
A%
< MIPSTIX, 2DT 574V 9R 54T 5)—DSWiBEILZE T o
= PixelFlinger473) —~D& D &x#EL T, LEEE A 10fEM L,
<+ MIPSSAE—M, HWIS749 9 R TS —a B FEH,
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MIPS7 —%T9F:
FYMEHEINBE TR R— L MEBICREL TSN I+ —L

& EEINT-. BRERISCT—XTIFv: mIhoELVLEREHAZBHIELTHE
= DRV FEREFEFBLTHAEINE=BREFEOHEAAATOEY IR LT
= PCTOtYH NS FHARAAIZART—ILE Y LE=T Aty S (I LT

» T—XTIOFv -S4t AN, G ELEHAE

¢ BmEMEVIaA—1avkVb, ELDOLUREA—EYE (32EYRD32EDL P RE—)
= ARM & x86IZxfL T, WEBEEHD TR\ T—D
= LORA—ARDRETL—2 (VM) 2L T, i, (IR L. Android® Dalvik)

% VWILFALYR RU ae—L2hvIIF7OvyH 0
= Android / Java RUMRETL—2 (VM) T, DLDF /A X BT, WIEBEEHDF L
= BEOTIIT—1a &%, REXNERICENMLI-E I RTER

% FEBICEBRGN—FI927ELVYINITTOERE

» RET7II)r—ar~DEdE{t

SWVLIBRED ., INSHEA A A X BEEEN

ERMEEER T H/N\—R Oz T H#REF N AIRESoCT SV T4+ — L
Sl JavallIEgE B

Flash R U AndroidHR—k
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MIPS Android Optimization Plan

< MIPSEEI{EMANdroid 2.0 ZFRE(Zi24t

< Android BD &L L1=WebKit JIT ZERZ 74
= 200% performance increases over ARM
« Javascript benchmarks: V8/Sunspider

& MIPSP—%THF i, meEdJavak WJavaScript
WIREE Nt fit

MIPS architecture will deliver
the fastest Android platform
for consumer electronics

© 2009 MIPS Technologies Proprietary and Confidential 22



u/ﬁ Eﬁs Egﬁ ~gb\¥l¢f:o
MII=S

TECHNOLOGI

At the core of the user experience®

MIPS, MIPS32, MIPS64, MIPS-Based, MIPS-Verified, MIPS Technologies logo are trademarks of MIPS Technologies, Inc. and registered
in the U.S. Patent and Trademark Office. MIPS, MIPS32, MIPS64, MIPS-Based, MIPS Logo, MIPS Technologies Logo, CorExtend, Pro
Series, M4K, 4KE, 4KEc, 24K, 24KE, 34K, 74K, 1004K, MIPS Navigator, and FS2 are trademarks or registered trademarks of MIPS
Technologies, Inc. in the United States and other countries.
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JavaScript Application

Commonly use for Image blending and

Also used for event effect, for example, on mouse over, create alpha
blending on current image

Shon Foshlinng o T

Categories Designer Rooms Themoes Directory Signin / Register Shopp

Baby Furniture  Children's Furniture  Bedding Décor  Disper Bags  Geasr  Gifts  Lighting  Rugs  Toy

B S |
Tl

T

L

B

Enchanted Elegance

Alpha blending and |
Slip under the spall of our couture coach and her hearb Jill danca ér\‘y?a‘i"ﬂ"%tffect | =
» Baby Furpiture: > Baby Cribs @ Exclusive Furniture %ﬁ
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Navigator b
rotate

N
.

oy

On mouse over event happen, show the direction

=T >

© 2009 MIPS Technologies Proprietary and Confidential
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JavaScript Application

% Allow interactive interaction with user. For example, allow user to
interact with device without sending data to server

Support drag-&-drop, pop up

[E e R
ff/r '..-{ e
A R HR
(U S I ERERES [
| EeERET |

© 2009 MIPS Technologies Proprietary and Confidential 26



At the core of the user experience.

R/
0’0

JavaScript Application

Dynamic HTML Game or Flash game
Animate object moving sequence
Simulate shooting event
Display credit & score board

Simulate
Shooting
Event &
Gaming
Logic

Score board & credit

Animate object moving
sequence “%°

ra

LJ
-
|
&
&
L]
s
[}
L]
s
L]
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Android ETORIVREETTUr—ay

<+ pEbL, Android(TEFEBER ITICBAREIN:“A—T2 - V—RAD

S TSYRNTA L

< Google Ft D AT+ T HRRIZE < Android 7O M

» BEDODEELYVINII7EEDAERERTE/N—FIOZT7AD
BB EYEZEICEESR

» LG BRET7 ) r—a bR B T4—DERALATHE

¢ QELZTIFRALATEE

% AndroidlZ. Digital Home RIF$#&AH T T)r—a> DTS5 yhk
— LIRECRE

L)

DTV HERE(FES—2aVF)
Ay hhy T RS R "ERER
ORI DA TL— L IMRIERYRT—2

“ENA I AVF Ry M AR ~ il R AR
TOBWETH-TLAY— “Z Dt
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MIPS7 —*TOFvDFER

<+ 1980FEKICRRAVIA—FKEER
John Hennessy# 8 51Z kY BAFBIA

S M OHRHEEINT=RISC T—FTIF %
- R EE. EYE
- MEREREITEMEL-EREt

o BER>FTIVFATAT . R—LRINT—D. %
DDA AHBRDIBET—FTIF v

@ MIPSESA L I—ICKYT—FTIOFvEH
25 H#E4Th (FILTS. Broadcom, Cavium,
EAE1 bR bR L ICT. NEC, RMI, Toshiba Z®M1ts)

BREIRASh, ALY b1 P EENTRIEET S
EREET—£TF v

Photo: In 1984, Stanford computer scientists John Shott, John Hennessy and

© MIPS Technologies Proprietary and Confidential James D. Meindl brainstorm about the MIPS project (Photo: Chuck Painter) 29



MIPS®: the Choice for the Convergence Era

MIPST9/00—X(&. JEDT7T)r—2a> DEaxRIEAT-
BB T —XTIOFEiRMTHERIC, FhERELE-ELVLEEE A,
EHEEWFRELME CERRARETaT7ERELET

= Android, Java, virtualization

BERIE, BELRMEHET IRALLBEA—N—0D, RECETLS
h=7—%70F v RUA7EHAY SHICLY, BAEEHMIC
I—yNBAT DN ARELYET

MIPSIE. BEBROESCR RO EELGRZ T T )r—av RO
FREEDEcCoVATLFRMLET

BRRIGIA LV ARMBEBECRRELET
PZIEL T—FTIOF v 5142 R

SoCAUA—D/REFI—T vkl 1N\T+—IV R FALH (X,
HERN)IC. RELGAERMELET

MIPSIX. BEHRDE R ADRLIhHE
FYBWIIZDELEICEBMLET
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K: Multi-threaded (34K), Multiprocessor (1-4 cores) ‘ Broad range
Coherence Management Unit of
1.3+ GHz (40nm), 1.5DMIPS/MHz/Core ‘ synthesizable

o processors,
Superscalar; 15-stage pipeline T
1.1 GHz in 65nm (prod’n frequency) ‘ optimized tor
1.6+ GHz prod, > 2.5 GHz typical (40nm) |OW-p0W€I’

5000 DMIPS @ 2.5GHz : convergent
y ' consumer
Multi-threading multimedia

. lication
: DSP extensions 9 applications

=

8-stage pipeline 800 MHz
(65nm)

Cache, MMU

. MCU, Low Cost

4KS: Security
microMIPS, MIPS32

Reduced interrupt latency
AHB, advanced debug
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