A VIRTUAL SMARTPHONE ARCHITECTURE

Jeremy Andrus Christoffer Dall Alexander Van’t Hof Oren Laadan Jason Nieh

COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

23rd ACM Symposium on Operating Systems Principles, Cascais, Portugal, October 2011



- "'Lx

.....-.—.
S NP RENETES-

{
=14

|
o |
=

AI:_I
e o

.~ |

|

e |

-_— ..__.;.i

....:-.:.7-:"

3% |

2 - e &

= '?hQ_n_e =

Slides © 2011 Jeremy C. Andrus <jeremya@



“Evaluation  Demo

/IRTUALIZ,

e

3 Slides © 2011 Jeremy C. Andrus <jeremya@


mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

’3!0 | e | 10N

Overwew ::Archfrec ure Cifelelalle

@‘é Rgd|o - Evaluation  Demo

[ u T
y ,‘/ [ - I [ y \
y | ) I y
] y
vV 4 /
/ : I i y
4 | e
— o [

TAL HY ~I‘Lx\//_i'"

£ bt

Hardware

Slides © 2011 Jeremy C. Anurus <JELELIYdWws.Colulid.cuu >



mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

S —
VilejiiYZelilela Overview ArcthecTure Grophlcs CeII ~elelle) Evaluation Demo

DESKTOP VI R_;___\_UAL IZATION

poor device
performance

host user space

P —

V* Hyperv1sor / VMM

Host OS Kernel

Hardware

5 Slides © 20



'Mo' I*IVI o' ¥|o|r1| . \ITE

Overview. Arc__hﬁre_c’rure;eraph|cs~—-~-(:e|| Rod|o Evaluation Demo

. v

less secu

Ry
-

et
e

-

Hardware

6 Slides © 2011 Jeremy C. Andrus <jeremya@cs.columbia.edu>



mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

—— —

o —Evoluohon Demo

e PO T

7 Slides © 2011 Jeremy C. Andrus <jeremya@cs.columbia.edu>



mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

Slides © 2011 Jeremy C. Andrus <jeremya@cs.columbia.edu>



mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

Moftivation Overview - Architeciure  Graphics

Eell'Radio

CELES

KEY OBSERVATION

4] cells_sosp2011.pdf (page 1 of 15)
(= B0 | 6O

Cells: A Virtual Mobile Smartphone Architecture

e E %y Van'tHof, Oren Laadan, and Jason Nieh
s nl, nieh}@cs.columbia.edu
omputer Science
oy peta v puter
[Systems) REMINDER: syster University
@ Jeremy o Re ool e

n 15
) Columbia Date: Ociober 11,2011 12:19:24 PMEDT
= Jeromy G. Andrus

columbia.edu

Amanda Andrus ¢ 925 AM

Fwo: Kick OffThe Holidays: Orchestra Se. e writin
A An gin d
e )

Jeremy:

a reporton althe problems Ive encountered. I ABOUT  PEOPLE  PUBLICATIONS  PROJECTS  NEWS  RESOURCES
others who share the same problems with me.

Yan

Evaluation

Demo

REMINDERS
P Flagged
v [ Notes
[ JeremyA
[ Gmail
[ NVIDIA
JEREMYA

MAIL ACTIVITY

Alex Van't Hot

[POSER-dev] Skype R

Jeremy, Please remen
1aptop o the meeting today. Thanks, Alex

Abhishek Srivastava
impatent
ds. Preeti o

Heming Cul

[Systems] Please send your gmail ..
rivate him |

> find here is the or

=Y
Android Cell_pdf

See More from Jeremy C. Andrus

Yanzou
Re: Android projects

Ociober 11,2011 9:56:57 AM EDT
Jeremy C. Andrus.

Ive already updated my sources, but it remains the same. Al
wrong with the aufs clean job. Do I need o dean the whole t
re-compilatont

Wish you good luck with your presentation’) 1y my bestto

Learn More*

LoAoNG.

small:
one app at a time


mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

—— -

ac 7.'——‘:—"" , Demo

Motivation

tO intefﬁﬁiﬁél — 1 m | ga ' e

10 Slides © 2011 Jeremy C. Andrus <jeremya@cs.columbia.edu>



mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

11 Slides © 2011 Jeremy C. Andrus <jeremya@cs.columbia.edu>


mailto:jeremya@cs.columbia.edu
mailto:jeremya@cs.columbia.edu

12

Motivation Overview Architrectrure SIAPNAICS

EelllRadio

CELLS

COMPLETE VIRTUALIZATION

e multiple, isolated virtual phones (VPs)
on a single mobile device

e 100% device support in each VP

» unique phone numbers - single SIM!

» accelerated 3D graphics!
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CELLS

TRANSPARENT VIRTUALIZATION

e cach VP sees / uses all devices
e user can run any unmodified apps

e foreground VP switches like an app

Demo
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efficient basic graphics virtualization

hardware accelerated graphics
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APPROACH 1: SINGLE ASSIGNMENT

virtual addresses

physical addresses

screen memory
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CELLS: DEVICE NAMESPACES
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EXPERIMENTAL RESULTS

SETUP

e CPU (Linpack)

e graphics (Neocore)

e storage (Quadrant)

e web browsing (Sun Spider)

e networking (Custom WiFi Test)
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CELLS

COMPLETE, EFFICIENT, TRANSPARENT
MOBILE VIRTUALIZATION

device namespaces

» safely and efficiently share devices
foreground / background

» designed specifically for mobile devices
implemented on Android

less than 2% overhead on Nexus S
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