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Take-aways

Built a comprehensive dataset that contains over 
five centuries of user-interaction and energy consumption 
behaviour from over 13500 BlackBerry 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 
successful execution rate of energy intensive mobile 
applications.
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Execution continuum

Energy conversion rate

GSM phone calls 
< 2W

Duration 
of use Video playback

~1.1 W

Audio
~50 mW

Video recording
~1.4 W

GPS navigation
~620 mW

Bluetooth, 
logging tools

< 2.5 mW

Offline tasks: 
e-mail, 

calendar, etc.
< 10 mW

Web 
browsing 

(WiFi)
~800 mW

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

Media indexing
service
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Wireless opportunistic communication

requires autonomous execution

Continuous execution maximize connection 
opportunities

Unfettered energy consumption can deplete finite 
energy resources

Unacceptable

The next frontier in mobile 
applications
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Execution continuum

Energy conversion rate

Duration 
of use

Execution 
autonomy

Execution requires little or no user interaction

How to maximize benefit 
while minimizing impact?

The next frontier in mobile applications:
MyTube, PocketBay, etc.
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Need to understand how smartphone users 
consume energy on their personal mobile 
devices.

Two goals: 

Regulate 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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Smartphone usage study

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

Goals:

10000 users 

3 orders of magnitude over existing work

Logging tool must be transparent to the user

Impact -> uninstallation
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Background logger

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 

< 1% battery cost
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Third party application intervention

discarded usage activity not correlated to a idle timer reset

fortunately no impact on energy measurements

Non-linear time

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

Synchronization with the cellular network

Detected/repaired or discarded during analysis
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Security - default application permissions too restrictive

Communication - devices not provisioned for non-email, non-browser 
data service, access the Internet differently (WAP, WAP2, BIS, BES, direct 
TCP sockets)

Logger shutdown if user-intervention was required. 

Malicious users

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

Clusters of download in Apache logs

~65% of data collected by standard logger was questionable and 
discarded
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Hardware characteristics
All BlackBerry devices since Q2 2006

Radios

GSM

CDMA

iDEN

Wi-Fi

Camera

GPS

Screen sizes from: 240x260px to 
360x480px

Isomorphic to other devices from other 
manufactures. 
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Dataset

3.5 years of cumulative smartphone usage as of 
September 2009

0.512 millennium of usage as of February 2010

13523 BlackBerry users

Spanning 11 types of devices, 23 timezones

Mean/median user contribution: 13.8/15.3 days

* As of 16:00h February 2, 2010 
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User/device classification
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Can you guess which user type has the most 
predictable battery level?
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1 Hour Prediction Error using 3 Clusters
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Battery prediction rate
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Hybrid battery predictor
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Successful execution 
prediction
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execution against known traces.
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More complex scenarios
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More complex scenarios

Scenario 1
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More complex scenarios

Scenario 1

Scan for neighbouring Bluetooth device every minute
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More complex scenarios

Scenario 1

Scan for neighbouring Bluetooth device every minute

Upload 50 KB of memory resident data over WiFi 
after every scan.
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More complex scenarios

Scenario 1

Scan for neighbouring Bluetooth device every minute

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

Upload 100 MB of Flash-resident data over WiFi 
once per hour.
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Scenario 2

Scan for neighbouring Bluetooth device every minute

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

Upload 100 MB of Flash-resident data over WiFi 
once per hour.
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Scenario 2

Scan for neighbouring Bluetooth device every minute

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

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

Download 100 MB of data over WiFi once per hour 
and write it to Flash.
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Future work
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Future work

Runtime profiling of applications’ energy consumption.
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Future work

Runtime profiling of applications’ energy consumption.

Creation of an energy supervisor
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Future work

Runtime profiling of applications’ energy consumption.

Creation of an energy supervisor

Uses future predicted battery level to enable/disable 
energy intensive applications to preserve device 
usability.
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Summary

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

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

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

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

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

App-Predict tool to simulate the successful execution 
rate of energy intensive mobile applications.
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Questions?
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Trivia questions
1 Hour ClusteredPrediction Error using 3 Clusters
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