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lake-aways

» Built a comprehensive dataset that contains over
five centuries of user-interaction and:energy.consumption
behaviour from over 139500 BlackBerty users.

® Demonstrate that clustering users by energy- consumption
characteristics can improve: battery level prediction by
~54% over long durations.

= Constructed the App-Predict tool to simulate the
successiul execution rate of energy intensive mobile
applications.
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Execution continuum

Audio
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Video playback
~11AW
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e-mail, (WiFi) ~1.4 W
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Execution continuum

Execution requires explicit-user interaction
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Application agnostic proxy
Internet server provides reliable delivery
of data and control information
during periods of disconnection.

C requests data

Additional data exchanged fragment from A over
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network interfaces.
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The next frontier In mobile
applications

Tuesday, September 14, 2010




The next frontier in mobile
applications




The next frontier in mobile
applications

® \Nireless opportunistic:communication




The next frontier in mobile
applications

® \Nireless opportunistic:communication

® requires autonomous execution




The next frontier in mobile
applications

® \Nireless opportunistic:communication

® requires autonomous execution




The next frontier in mobile
applications

® \Nireless opportunistic:communication

® requires autonomous execution




The next frontier in mobile
applications

® \Nireless opportunistic:communication

® requires autonomous execution




Execution continuum

Execution requires little or no-user interaction

The next frontier in mobile applications:
MyTube, PocketBay, etc.

How to maximize benefit
while minimizing impact?
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= Need to understand how smartphone users
consume energy on their personal mobile
devices.
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= Need to understand how smartphone users
consume energy on their personal mobile

devices.

® [WO goals:

x RBegulate mobile application execution based on a
predicted future battery level.

= Predict the successful execution rate of energy
intensive applications given known consumption
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SMmartphone usage study

» Measure how users interact with and consume/
replenish energy on their personal mobile devices.

x (Goals:
x 10000 users
x 3 orders of magnitude over existing work
x | 0gging tool must be transparent to the user

x [mpact -> uninstallation
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Design of the usage logger

»x |Information collected:

# Device name = 9000
TZ: -5

1260792769426 off
1260792769426 66 false
1260793007161 65
1260793607402 65
1260793801198 on
1260793801206 65
1260793818689 off 24128
1260793820213 on
1260793832164 off 11
1260794432226 65
1260794721426 on
1260794721426 65
1260794744121 off 11
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Design of the usage logger

Information collected:

» user interaction => backlight
enablea
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= pattery level every 10-minutes
x  DOWEr ON/off

x  BlackBerry device type
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Major challenges in large-
scale mobile experiments

= \/olatile file systems

x File system roots frequently mounted/unmounted-by USB -Mass Storage mode and PC
synchronization.

x  Persistent root (/system) only allow: small-files
x  Deployment challenges
x Users are not trusting - need explicit feedback
» provided individual usage pattern/statistics to users
= Background logger
x  Necessary evil to large-scale, non-biased studies
= Energy constraints
= Polling for state changes energy intensive (~10% battery cost) (60% in related work)
= Entirely event driven

x < 1% battery cost
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= [hird party application intervention
» discarded usage activity not correlated to a idle timer reset
x fortunately no impact on energy-measurements

x Non-linear time

x Strongly: correlated with the initiation of a charge (device-
PC synchronization) or manual time-zone change.

x Synchronization with the cellular network

x Detected/repaired or discarded during analysis
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» Heterogeneous provisioning
® Security - default application permissions too:restrictive

»x  Communication - devices not provisioned: for non-email, non-browser

data service, access the Internet differently (WAP, WAP2, BIS, BES, direct
TCP sockets)

x | ogger shutdown if user-intervention was required.
= Malicious users

x delete/alter log files, programatically enable/disable backlight + reset idle
timer, run simulated instances

x Clusters of download in Apache logs

x  ~065% of data collected by standard logger was questionable and
discarded
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Haraware characteristics

xAll BlackBerry devices since Q2 2006

= Radios

x GSM

xCDMA

x|DEN

w\WI-F

x Camera

x GPS

® Screen sizes from: 240x260px to
300x480px
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Haraware characteristics

xAll BlackBerry devices since Q2 2006
= Radios
x GSM
xCDMA
» iDEN
o \Wi-Fi
xCamera
n GPS

® Screen sizes from: 240x260px to
300x480px

= |[somorphic to other devices from other
manufactures.
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Dataset

* As of 16:00n February 2, 2010
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Dataset

® 3.5 years of cumulative smartphone usage as of
September 2009

x 0.512 millennium of usage as of February 2010
® 13523 BlackBerry users
x Spanning 11 types of devices, 23 timezones

x Mean/median user contribution: 13.8/15.3 days

* As of 16:00n February 2, 2010
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Sample usage traces

User Daily Smartphone Usage Distribution

=
C
o
(&)
—
o
=
n
Qo
o
=
(qv)
o
®©
4+
o
|_

0 ‘IIILIII 1.
Midnight 6:00 Noon 18:00
Hour of the day (60 second sample interval)

17
Tuesday, September 14, 2010



User Smartphone Inactivity Duration PDF

Non-usage duration (seconds)
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Sample energy traces

Daily User Battery Discharge Rate
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User Daily Smartphone Charge Distribution (normalized to GMT)
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User Discharge Duration (normalized to GMT)

Mean discharge duration
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Energy level prediction
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User classification

x Cluster by device
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Daily Battery Discharge Rate (normalized to GMT)
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Daily Battery Discharge Rate (normalized to GMT)
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Prediction algorithm

Algorithm 1 Calculate future battery level

Require: 6.rrharg(; discharges Pcharge|discharges br:urrr 3 s
t!as.‘t tpr(:dzct
i« 0
for i < it,reqics do
if Y A t(:urr < t!ast + 6{_'harg(:(tlast) then
~v « false{The charge period has ended.}
tlast. ¢ t’!ast + 5()fzarg(.'(t!ast)
else if Y A teurr < llast + O.dischargt: (tfast.) then
v « true{The discharge period has ended.}
tiast + tiast édischargr:(tfast)
end if
if v then
bfutur(: - bfuturr: + Pcharge (B:tc-urr)
else

bfutur(: - bfuturr: o pdz’schargc(.gt t{.‘urr)
end if
t+— 1+ BUCKET SIZE
tewrr = teurr + BUCKET SIZE
end for
return brusure
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Prediction algorithm

= last time that the device began charging or discharging
Ocharger = Mean charge duration of a charge initiated during bucket(t)

Odischargey = Mean discharge duration of a discharge initiated during bucket (t)
Pcharger = Mean charge rate during bucket(t)

Pdischarger = Mean charge rate during bucket(t) bucket size = 30 minutes
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User classification

x Cluster by device

x Cluster by energy consumption/replenishment
characteristics

x \\/hich set of characteristics are best?

x [he set that yield the lbest prediction results.

Select Apply predictor Retrieve mean

clustering = kC_JrI;J;,;ean —> (3-way cross = prediction error = ameter

parameters validation) rate eyl
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Clustering parameters
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Clustering parameters
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User classification

Prediction error by number of clusters
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User classification

Global Battery Level at Charge
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User classification

Weekly Smartphone Charge Initiation Time (normalized to GMT)
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User classification

Daily Battery Level (normalized to GMT)
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User classification
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User classification

Global Battery Level at Charge
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ser/device classification

Charge Duration (mean 99% CI)
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User/device classification

Discharge Duration (mean 99% Cl)
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User/device classification
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x Can you guess which user type has the most
poredictable battery level?
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Battery prediction rate

1 Hour Prediction Error using 3 Clusters
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Battery prediction rate

2 Hour Prediction Error using 3 Clusters
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Battery prediction rate

6 Hour Prediction Error using 3 Clusters
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Battery prediction rate
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Battery prediction rate

18 Hour Prediction Error using 3 Clusters
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Battery prediction rate

24 Hour Prediction Error using 3 Clusters
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Prediction error (% of battery level)
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Hyorid battery predictor

Prediction Error using 3 Clusters
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Successful execution
orediction




Successful execution
orediction

= Built App-Predict tool to simulate an-application’s
execution against known traces.
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= Built App-Predict tool to simulate an-application’s
execution against known traces.

» Predictions over:;
® entire population

® Specific device classes
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Successful execution
orediction

= Built App-Predict tool to simulate an-application’s
execution against known traces.

x Predictions over:
® entire population
® Specific device classes

® Specific user types
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Use of App-Predict

Device Capacity Voltage
8100 900 mAh CWAY
8200 900 mAh 3.7V
8300 1100 mAh 3.7V
8500 1150 mAh CAY
8700 1000 mAh 3.7V
8800 1400 mAh 3.7V
8900 1400 mAh 3.7V
9000 1500 mAh 3.7V
9500 1400 mAh 3.7V
9600 1400 mAh 3.7V
9700 1500 mAh 3.7V
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Use of App-Predict

x Energy capacities of all devicesin Device Capacity Voltage
the dataset are ‘known’ 8100 900 mAh 3.7V
3200 900 mAh 3.7V
3300 1100 mAh 3.7V
3500 1150 mAh 3.7V
8700 1000 mAh 3.7V
33800 1400 mAh 3.7V
3900 1400 mAh 3.7V
9000 1500 mAh 3.7V
9500 1400 mAh 3.7V
9600 1400 mAh 3.7V
9700 1500 mAh 3.7V
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Use of App-Predict

x Energy capacities of all devicesin Device Capacity Voltage
the dataset are ‘known’ 8100 900 mAh 3.7V
» Measured the energy S HRaY 3.7V
consumption of basic 8300 1100 mAh 3.7V
applications 3500 1150 mAh 3.7V
8700 1000 mAh 3.7V
8300 1400 mARh 3.7V
3900 1400 mAh 3.7V
9000 1500 mAh SHAY
9500 1400 mAh 3.7V
9600 1400 mAh 3.7V
9700 1500 mAh SNAY
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Use of App-Predict

x Energy capacities of all devicesin Device Capacity Voltage
the dataset are ‘known’ 8100 900 mAh 3.7V
» Measured the energy S HRaY 3.7V
consumption of basic 8300 1100 mAh 3.7V
applications 3500 1150 mAh 3.7V
: 8700 1000 mAh 3.7V
= Bluetooth scanning 4900 G AR T
3900 1400 mAh 3.7V
9000 1500 mAh SHAY
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39

Tuesday, September 14, 2010



Use of App-Predict

x Energy capacities of all devicesin Device Capacity Voltage
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» \WViFI data transfer (from 8900 1400 mAh 3.7V
memory ana file) 9000 1500 mAh 3.7V
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Use of App-Predict

» Energy capacities of all devices in

the dataset are ‘known’

= Measured the energy
consumption of lbasic
applications

Bluetooth scanning

WiFi data transfer (from
memory and file)

File 170
Video playback

Device

3100
8200
8300
3500
8700
383800
3900
9000
9500
9600
9700

Capacity
900 mAh
900 mAh
1100 mAh
1150 mAh
1000 mAh
1400 mAh
1400 mAh
1500 mAh
1400 mAh
1400 mAh
1500 mAh

Voltage

CAY,
3.7V
3.7V
3.7V
SWAY,
3.7V
CAY,
3.7V
3.7V
3.7V
CAY,

39

Tuesday, September 14, 2010



Use of App-Predict

» Energy capacities of all devices in

the dataset are ‘known’

= Measured the energy
consumption of lbasic
applications

Bluetooth scanning

WiFi data transfer (from
memory and file)

File /0
Video playback
GSM phone calls

Device

3100
8200
8300
3500
8700
383800
3900
9000
9500
9600
9700

Capacity
900 mAh
900 mAh
1100 mAh
1150 mAh
1000 mAh
1400 mAh
1400 mAh
1500 mAh
1400 mAh
1400 mAh
1500 mAh

Voltage

CAY,
3.7V
3.7V
3.7V
SWAY,
3.7V
CAY,
3.7V
3.7V
3.7V
CAY,
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Examples

Application successful execution rate (75 mW over 43200 sec) (normalized to GMT)
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Examples

Application successful execution rate (75 mW over 43200 sec) (normalized to GMT)
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Examples

Application successful execution rate (75 mW over 43200 sec) (normalized to GMT)

Application successful execution rate with 3 clusters (1022 mW over 3600 sec) (normalized to GMT)
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Examples

Application successful execution rate (75 mW over 43200 sec) (normalized to GMT)

» _ _ _ _ ,.‘ Application successful execution rate with 3 clusters (1022 mW over 3600 sec) (normalized to GMT)
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\Viore complex scenarios

® Scenario 1

x Scan for neighbouring Bluetooth device every minute
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\Viore complex scenarios

x Scenario 1
x Scan for neighbouring Bluetooth device every minute

x Upload 50 KB of memory resident data over Wik
after every scan.
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\Viore complex scenarios

® Scenario 1

x Scan for neighbouring Bluetooth device every minute

x Upload 50 KB of memory resident data over Wik
after every scan.

x Upload 100 MB of Flash-resident data over Wik
once per hour.
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Application successful execution rate with 3 clusters (317 mW over 21600 sec) (normalized to GMT)
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Application successful execution rate with 3 clusters (317 mW over 21600 sec) (normalized to GMT) Application successful execution rate with 3 clusters (317 mW over 43200 sec) (normalized to GMT)
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® Scenario 2

x Scan for neighbouring Bluetooth device every minute

x Upload 50 KB of memory resident data over Wik
after every scan.

x Upload 100 MB of Flash-resident data over Wik
once per hour.
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® Scenario 2

x Scan for neighbouring Bluetooth device every minute

x Upload 50 KB of memory resident data over Wik
after every scan.

x Upload 100 MB of Flash-resident data over Wik
once per hour.

x Download 100 MB of data over Wik once per hour
and write it to Flash.
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Application successful execution rate with 3 clusters (569 mW over 21600 sec) (normalized to GMT)
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Application successful execution rate with 3 clusters (569 mW over 21600 sec) (normalized to GMT) Application successful execution rate with 3 clusters (569 mW over 43200 sec) (normalized to GMT)
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Future wWork

x Buntime profiling of applications: energy consumption.
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Future wWork

x Buntime profiling of applications: energy consumption.

x Creation of an energy: Supervisor
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Future wWork

x Buntime profiling of applications: energy consumption.
x Creation of an energy: Supervisor

x (Jses future predicted battery: level to enable/disable
energy intensive applications to preserve device
usabllity.
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Summary

46

Tuesday, September 14, 2010



Summary

®x Built a massive, comprehensive body: of smartphone

usage and energy consumption behaviour fro
across a heterogeneous set of personal mobi

11 USEIrS

e devices.
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Summary

®x Built a massive, comprehensive body: of smartphone
usage and energy. consumption behaviour from users
across a heterogeneous set of personal mobile devices.

x Clustering users by energy consumption characteristics
can improve battery level prediction by ~54% over long
durations.
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Summary

®x Built a massive, comprehensive body: of smartphone
usage and energy. consumption behaviour from users
across a heterogeneous set of personal mobile devices.

x Clustering users by energy consumption characteristics
can improve battery level prediction by ~54% over long
durations.

x App-Predict tool to simulate the successtul execution
rate of energy intensive mobile applications.

46

Tuesday, September 14, 2010



Questions?




Irivia questions
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