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Mobile is Hot

® ... sometimes, literally:

TOP STORIES

ASK LIFEHACKER

Why Is My Cellphone
Burning a Hole in My
Pocket?

Dear Lifehacker,

I'm loving my new smartphone, but
sometimes it gets really hot in my pocket—
like surface-of-the-sun hot. Is there
something wrong with it? Why does it get so
hot, and how can I make it stop?

Sincerely,
Fearing Firey Phones

Photo remixed from an original by
Shutterstock.
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A Day in the Life
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A Day in the Life
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A Day in the Life

Low Battery

20% of battery remaining

'l' v &)

Facebook Venmo Carat
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Users” Questions

e Why is my battery draining?
® |s that normal?

e \What can | do about it?
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Today

1. Carat

2. Sampling to Diagnosis

3. Dealing with Uncertainty
4. Deployment
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Prior Approaches

¢ Ad hoc
e e.g., no-sleep bug
® ntrusive
e (Leneric
e “Kill all background apps”

e “Dim the screen”
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Prior Approaches

e Ad hoc

e e.g., no-sleep bug
® Intrusive
e (eneric

o “Kill all background apps”

e “Dim the screen” %]kﬂ 2
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First collaborative approach for

diagnosing energy problems.




Carat

® Mobile app for iOS and Android

® Personalized energy debugging ﬁ% 3
® Design point |
e Deployable on app stores

e Maximally invasive
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87 % ¥

ul.. AT&T =

Kill Pandora

Expected improvement: 1h 27m 57s ’
Kill vampires

Expected improvement: 1h 15m 28s ’
Restart MobileCal

Expected improvement: 54m 38s ’
Restart Camera

Expected improvement: 44m 29s ’
Upgrade the Operating System
Expected improvement: 42m 15s ’
Help Spread the Word! .

Expected improvement: +100 karma!

Hog Report Bug Report About

Kill Terminal Emulator
Foreground App

Expected improvement 3h2m

Kill FreePlay

w4 Foreground App

Expected improvement Zh5Tm

Kill GO Power Master

Foreground App

Expected improvement 2h 32m

ul.. AT&T <= 4:13 AM 97 % [t
Your J-Score: 64 O
(Updated 10s ago)

Active Battery Life: 9h 28m 37s
OS version: 511 &

device model: iPhone 3GS &

running apps: | View Process List | &)

o

memory active: =
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9:58 PM

Contacts Settings

7 -

Game Center

- r g .
o A WiFi? 105
1Y 5.12
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Probability

Energy Rate (% / s)

Without the crowd, there is no way to

know whether this use 1s normal.
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(Given & is not a Hog.)
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(Given 3 is not a Hog.)

energy bug
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Distance

E[reference]
E[subject]
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| else | X | (x-5, x] |

Measurement Uncertainty
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Ground Truth

e Sampling cost and accuracy

e {Phone 4S + Monsoon Power Monitor

HotDep 12/10/07 17 lab



Ground Truth

® Good accuracy with low overhead

—— Power Monitor (w/ Carat)
S _ — — Power Monitor (w/out Carat)
~ Carat
>
= o
n O
- —
O
0
o
O
O —
| | | |
0.000 0.005 0.010 0.015

Energy Discharge Rate (%!/s)
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Ground Truth

® Discharge rate estimation

e 0.00088 %/sec error

e Samples: 9 vs. 28,800,000
e Overhead

e Less than Weather app

e ~3.5% of the battery less

HotDep 12/10/07 19

lab



Initial Deployment

® TestFlight and Zubhium

e App Store and Play Store
® 383 devices
® 180k samples

HotDep 12/10/07 20 lab



Initial Results

e Found 644 apps exhibiting energy bugs
e e.g., Facebook, Kindle, Flipboard

e Corroborated with forum posts, news
articles, and data correlations

® Injected three bugs in Wikipedia

e Detected all of them

HotDep 12/10/07 21 lab



Kindle Bug (iOS)

® E_bOOk reader Home Hot, Flat, and Crowded....

director with Conservation |
International's Center for

0 .

® B Ug on 3 . 9 / o Of CI lents Apphed BlOdlvel'Slty Science.
'Sync to' Furthest Page Read |

® FO Fuinm: Wh 1S pe rsy NC You are currently at location 2449.
The furthest read location is 2464

from "John Sutherland’s iPhone" at
2:15 PM PST on January 27, 2009.

e Confirmed by our data Go 1o tha locaion?

® Turn on Wiki
— 36m improvement

HotDep 12/10/07 22



Twitter Bug (Android

e Microblogging app

® Bug on 14.9% of clients

Nick Fisher

Love being reminded of the
. Data i m p I i Cates OS % power and magic of #space
Rob Chiswa

| Hilarious. Cats in #Space:
omgcatsinspace.tumblr.com

e WiFi also helps

e Upgrade to ICS 4.0.4
— 94m improvement

Lisa Wang

"Somewhere, something
Incredible is waiting to be known.’
Carl Sagan #space
pic.twitter.com/gbjx26r

Coleen Baik
Incredible, hi-res images of Earth
from #space - thanks NASA

catellite! i< od/PFmAaha
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Carat The Brilliant App That
Increases Your Battery Life By
Showing What Other Apps To Kill

JOSH CONSTINE =

Thursday, June 14th, 2012

Kill Skype

Expected Improvemant:

Th 15m 428

¥

36 Comments

"Kill Pandora — Expected Battery Life Improvement: 1 hour
50 minutes” This is what you’ll learn from Carat, an
incredibly useful free new I0S and Android app that's the
first to give you personalized mobile battery life-saving
recommendations.

Carat quietly takes measurements from you device, does
some math, combines it with other people’s anonymized
data, and sends back tips on if you should update your OS,
kill or restart apps, and how many more minutes of tablet or
phone fiddling you'll gain.

As battery tech is expected to improve slowly, some say
increasing life just 5% a year, and as we get faster
processors, more powerful apps, and brighter screens,
everyone could use a Carat in their pocket.

Suddenly.



W

.Gan'lar =

Carrias o 144 P

Your J-Score:

fUpdming 15 moc|

700

Restart Evernote
Expected improvement: 4d 20h 11m 355

>

' Cover Orange "
> Confidence:

| Ru nningj
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Average Battery Life: 11h Tm 32s Upgrade the Dperating System
Expected improvement:  4h 49m 26
OS5 version: 51 &
device model: Simulator £ i Halp Spread the Word| ,
i Expe I
running apps: | View Process List | ) ! ctadimprovemant.  «100kenmal .

1M
TOP STORIES t

- w ey

1:45 PM
og Detail

SArTiee =

Erwrmyy Hog s

(Mot Hunming)

36 Comments

\ - Life Improvement: 1 hour
S ;-'i.'-j" irn from Carat, an

=% d Android app that's the
iile battery life-saving

L)

it

* 5 from you device, does
X £, people’s anonymized
data, and sends back tips on if you should update your OS,
kill or restart apps, and how many more minutes of tablet or
phone fiddling you’ll gain.

As battery tech is expected to improve slowly, some say
increasing life just 5% a year, and as we get faster
processors, more powerful apps, and brighter screens,
everyone could use a Carat in their pocket.

Suddenly...
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Rastart Evernota

? Your J-Score: 70 €  Expected improvement: 44 20n11m2ss

flpdaind 15 mc) |
fAwerage Battery Life:  11h Tm 32s Upgrade the Operating System 1 - Caver Orange
Expected improvement: 4h 4

Inﬁ_‘q ::;c:f:':fnn:lel: Eimula::r g | Help Spread the Word! F ree ca rat a p p fi n d s ' e n e rgy h Og s J '

Expected | t: 10¢
running apps: | View Process List & < e S g

b e — s '@nergy bugs' on i0S or Android

memory active: —
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|a b ANDROID | JUNE 14, 2012 | BY: MICHAEL SANTO
w4 2 0 @ 0 Get Tech Gear alerts!
ElLike W Tweet < +1 1 B email Sign up

Carat




@ a @ [F Carat: Extend Your Phone’s Battery Life
LESLIEHORN JUNE 1S, 20102 2:00 PM En ﬁﬂ TJ% g+ E

i~ 1:44 PM (—

L".-an-lar = 11:356 FH

Carrias ? "_'.. —, the _'_ i
Restart Evernota

Your J-Score: 70 6 Expected improvement: 4

fUpdming 15 moc|

Avarage Batiory Life: 11h 7m 325 Upgrade the Operating
Expected improvement:

Your J-Score: 70 o

(Updated 15s ago)

Average Battery Life: 11h 7m 32s

0S version: 51 8

1 device model: Simulator €| Help Spread the Word!
= Expected improvement:

running apps: [ View Process List | £ |
Memory used: S— pdated 1d sl 0m

L

memory active: —
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OS version: 51 ©

o

ciFd lelslo M Hovice model: Simulator &

running apps: | View Process List | &)
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LESLIEHORN JUNE 1S, 20102 2:00 PM En ﬁﬂ TJ% g+ E
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Your J-Score: 70 o

Hastart Evernota
Your J- EGDTE. 70 6 Expected improvement: 4

fUpdming 15 moc|

Avarage Batiory Life: 11h 7m 325 Upgrade the Operating
Expected improvement:

035 version: 51 &
4 device model: Simulator €| Help Spread the Word| tupdﬂtEd 15s EQD}
running apps: | View Process List 6 | Expected improvement:
IR (\/oclat00 10 4h 27m 1 Average Battery Life: 11h 7m 32s

ol

memory active: —
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OS version: 51 ©

o

ciFd lelslo M Hovice model: Simulator &

running apps: | View Process List | &)

o

Topic: iPhone

g T " T T .—..-. F . iy

10S and Android app helps you get
more from your battery

Summary: Carat has been developed by a team of scientists from the UC Berkeley electrical

engineering and computer science department's Algorithms, Machines, and People Laboratory
(AMP Lab).

Tq' By Adrian Kingsley-Hughes for Hardware 2.0 | June 15, 2012 -- Updated 10:21 GMT [(03:21
' PDT)

W Follow @the_pc_doc



Carat: Extend Your Phone’s Battery Life

LESLIEHORM JUME 19, 2012 2:00 PM ﬁn ﬁn r”% "EH E
arrier = 1:44 PM —

Topic: iPhone

Summary: Carat has been developed by a team of scientists from the UC Berkeley electrical
engineering and computer science department's Algorithms, Machines, and People Laboratory
(AMP Lab).

fUpdmind 15 ngo)
Average Battery Life: 11h Tm 32s Upgrade the Operating
Expected improvement:

Your J-Score: 70 O

05 version; » 1

FLINAING

Carat went viral. In 24 hours, there
were dozens of articles and we had
more than 100,000 users.

- . ww - ol

10S and Android app helps you get
more from your battery

T-. By Adrian Kingsley-Hughes for Hardware 2.0 | June 15, 2012 -- Updated 10:21 GMT [(03:21
' PDT)

W Follow &the_pc doc
[ ] 4 7



Carat Today

® 360,000 devices

® 20M samples

® Deploy to the crowd; debug in the cloud
e Platform for collaborative debugging

e Statistics as a service

carat.cs.berkeley.edu
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You have reached the end of the
presentation. Please turn back.
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