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Disclaimer

This research did not cover Apple smartphones for
reasons related to lack of open source materials
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Motivation

Nokia 3310

Popular Uses Battery Standby

* SMS For up to a month
° VOlce Dlallng https://www.nokia.com/phones/en int/nokia-3310
e Calculator

 Snake

* Customize Ringtones
* To break a glass
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Moftivation

Smartphones
Popular Uses Average Battery Standby

* Internet connectivity.

* A mobile browser. 6 h
* The ability to sync more than one email account to a device. O u rS
* Embedded memory.

* A hardware or software-based QWERTY keyboard.

*  Wireless synchronization with other devices, such as laptop or desktop computers.

*  The ability to download applications and run them independently.

*  Support for third-party applications.

*  The ability to run multiple applications simultaneously.

*  Touchscreen.

*  Wi-Fi

* Adigital camera, typically with video capability.

*  Gaming.

*  Unified messaging.

* GPS.
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Motivation

Reverse Relationship between phone functionality and battery life

Less Technology More More Technology Less
Battery Life Battery Life
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Introduction:

* A common issue among android

smartphones is the battery life.

‘ Application Layer é\%ﬁz'

.
* The Need to Save Smartphones Battery-Life
. 50 fAware Laye,
_Durlng COVID-19 _Pandemlc is more
important to consider as many governments Laye; |

implemented location-tracking applications.
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Understanding
Power-saving
Basic Approaches
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List the Concerned Parties and Identify their
Involvement

* Following the previous step, we list the parties which are
involved in an android application lifecycle

° ® b 9

I
I
I
Inventor(s)/Owner(s)  Developer(s) Google Play End-User(s)I
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Status of App Among Different
Stages of an Application Lifecycle

1. Outside the End-User’s Phone
(Under development or Available on Google Play)

Outside End-user Smartphone

2. Inside the End-User’s Phone
(Installed & Running)

® o
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Current power-saving
approaches

and its usage among
the lifecycle

Smartphone

Outside End-user

Approach 1:

To Simulate & Estimate

Stages of an Android Application Lifecycle

or
To Apply Thin Client

Uses Approaches 2 & 3

Approach 2:

To Monitor, Detect and Control

Inside End-User Phone

Approach 3:

To Sacrifice Technology
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Key Issues of Current Power-Saving Approaches

Key Issue of the “Simulate & Estimate” Approach:

Reality In-Lab Power Consumption Estimation

Questioned Accuracy

J
—
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Key Issues of Current Power-Saving Approaches

Key Issue of the “Simulate & Estimate” Approach:

//~
7B
Imagination-Based !!

R
=
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Key Issues of Current Power-Saving Approaches

Key Issue of the “Thin Client” Approach :

Continuous Connectivity !!
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Key Issues of Current Power-Saving Approaches

Key Issue of the “Thin Client” Approach :

o\

Service Outages !! No Internet

Multi-Criteria Evaluation Model to Generate Tentative Energy Ratings for Google Play Store Apps



Key Issues of Current Power-Saving Approaches

Key Issue of “Monitor and control” Approach :

Vd4E 931
&« CPU Usage Monitor 3

B3 receboo 101 Using PowerTutor®

i f 45.6 m ) attery Saver 11. 0
Requires Power !! Commse >~ and Trepn Profiler®
mm]smw I§J! Factory Mode 7.9
| / to read the amount

HAG"-,;?_V [0:00:10] Email iQu Media Storage 6.8
of energy consumed

15.7% [0:00:31] Facebook

Il 205.8 mW

:05:16] Google Search (Enhanced) [ ;- ) Gechle FlayMusls 58 b t |
IGJI_cermandroid.keyguard 39 y WO po pu a r
P8 8.5% [0:05:16] Battery Saver H o _
‘@295-3 mW EEl. Google Contacts Sync 1.8 powe r-o ptl m IZIng
= v’;;j ‘):O‘NS: 16] Android Live Wallpapers acogles 1.3 a p pl Ications
4.4% [0:01:19] Talk B coogle App 12
152.5 mW
. Google Play Newsstand 1.0

ﬁ4,3' 0 [0:05:16] Quick Search Box
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Key Issues of Current Power-Saving Approaches

Key Issue of “Sacrifice” Approach : " @

One-Size-Fits-All !
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Key Issues of Current Power-Saving Approaches

Key Issue of “Sacrifice” Approach :

Depriving Users from
Technology !!
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The Key
Difference

’ Google Play

)

TextMe

next®

Ps
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stylish photo fancy

8 o6 &

scanner

TextNow: Free Texting & Calling App
TextNow, Inc. + Communication
43% 47 MB 50M+

textPlus: Free Text & Calls
text"' textPlus + Social
3.8% 32MB [ 10M+

Text Me: Text Free, Call Free, Second Pho...

TextMe, Inc. + Social
42% 28MB 10M+

Nextplus Free SMS Text + Calls
textPlus + Communication
3.6%x 33MB 5M+

TextMe Up Free Calling & Texts
TextMe, Inc. + Communication
41% 28MB 5M+

Phonto - Text on Photos
youthhr + Photography
45% 17 MB 10M+

@ Free phone calls, free texting SMS on free...
i Inc - Sacial

ar




The Missing Piece of the Puzzle

Download

Smartphone

Battery-Saving Approaches

Green-Coding Best Practices

* Monitor, detect

* Remove location updates to re-
movelocationUpdates()

* Set timeouts setExpirationDura-
tion()

* Use batch network requests setint-
erval()

* Use passive location updates set-
Fastestinterval()

s Usethe FLAG_KEEP_SCREEN_ON in
your activity

* Use WorkManager for user-initiated
work that need to run immediately and
must execute to completion

.. etc

Source: developer.android.com/guide

Manufacturers and
Developers

e Implement Energy

Star Standards on
the Hardware
Level.

Implement Energy
Star Standards on
the Kernel and
System Level.

Using Predefined
Battery Saving
Modes
Customizing a
User-Defined
Battery Saving
Mode

and alert the
user of the
behavior of the
running apps in
regard to battery
consumption.
Pause or kill
energy-greedy
apps

Using Battery
Optimizing Apps
Following OS
alerts to pause
or kill energy-
greedy apps
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Proposed Solution

Rating Google-Play Apps' Energy Consumption on Android Smartphones

The more
stars the more
energy efficient

IIED\,NA\!IE'IID\I\CIEg Technical Comparison Rating (Advanced)

A jode government and industry progrom
Kuationn Kunser 1o g an Mol 480

Permissions-Based Rating (Basic)

Energy consumption

kWh per year

gree,,
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"Permissions” in the area of power consumption (Basic)

9 OW 4 01252 (=] ® O 3 = il 66% M 11:45um
K] Facebook o Messenger

Do you want to install this application? It

will get access to: Identity

draw over other apps
D PP Contacts

@ control vibration

prevent phone from sleeping Location

M adjust your wallpaper size SMS

set wallpaper
Phone
o) change your audio settings

N o . Photos/Media/Files
() read sync settings

toggle sync on and off Camera

~ expand/collapse status bar :
Microphone

¢ install shortcuts
send sticky broadcast

Wi-Fi connection

CANCEL INSTALL
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S Y= .0

Vibration Motor

Screen Light Wi-Fi Radio Flash Light

Speaker GPS Radio Cell Data Radio areen
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S Y= .0

Vibration Motor

Screen Light Wi-Fi Radio Flash Light
Average Amount of Energy Average Amount of Energy Average Amount of Energy Average Amount of Energy
Consumption (mAh/m) = ~15 Consumption (mAh/m) = ~ 16 Consumption (mAh/m) = ~ 12 Consumption (mAh/m) = ~ 19
Speaker GPS Radio Cell Data Radio
Average Amount of Energy Average Amount of Energy Average Amount of Energy
Consumption (mAh/m)=~9 Consumption (mAh/m) = ~ 25 Consumption (mAh/m) = ~ 17
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Proposed Solution (Cont.)
Rating Google-Play Apps' Energy Consumption on Android Smartphones

Google Play Power Consuming Applications Permissions

CltEHINg Capacity of the Average
the phone
Battery phone Amount of
Smartphon Battery after fully Energy
before fully v o -
e - activating the Consumptio
activating
Component component alone n
the ¢
component for a period of 60 measured
(mAh) seconds (mAh) (mAh/m)
GPS 2600 ~ 2575 ~ 25
Flash Light 2600 ~ 2581 ~ 19
Cellular 2600 (Fully | ~ 2583 ~ 17
Radio Charged)
Cameras 2600 ~ 2583 ~ 17
Screen 2600 ~ 2584 ~ 16
Wi-Fi Radio | 2600 ~ 2588 ~ 12
Bluetooth 2600 ~ 2590 ~ 10
Radio

access Bluetooth settings

allow Wi-Fi Multicast reception
Broadcast data messages to apps
change network connectivity
change system display settings
change your audio settings
change/intercept network
settings and traffic

connect and disconnect from Wi-
Fi

control flashlight

control vibration

directly call phone numbers
download files without
notification

full network access

make app always run

modify phone state
modify  secure
settings

modify system settings

pair with Bluetooth devices
precise (GPS) location
prevent phone from
sleeping

read your social stream
record audio

run at startup

send sticky broadcast

take pictures and videos
toggle sync on and off
view Wi-Fi connections
write to your social stream

system

gree,,




"Permissions” in the area of power consumption (Basic)

(=] ® O 3 DD il 66% M 11:45um
Q Voo commmpton . | 25
Identity -
Average Amount of Energy
Consumption (mAh/m) = ~9
+

Photos/Media/Files

Camera Average Amount of Energy

Consumption (mAh/m) = ~12

Microphone

Contacts

Location

SMS

Phone

P
N
-
®

Wi-Fi connection
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Rating Google-Play Apps' Energy Consumption on Android Smartphones

Amount of Permission Y o
Power Energy Average i
i . Star Rating
Consuming Consumptio Energy -
= ] out of Six
Applications n of each Consumption
B o Stars (~ 1to
Permissions Used Amount per ~ 30 mAh)
Component minute
access Bluetooth
Bluetooth Radio (~ 10 | ~ 10 mAh *
settings mAnh)
Wi-Fi Radio
Broadcast data | (~ 12 mAh)
messages to | Cellular ~ 15 mAh * %k
apps Radio (~ 17
mADh)
connect and A .
disconnect }/!'1':2' miﬁ;'o ~ 12 mAh *k
from Wi-Fi
precise (GPS) | GPS (~ 25 | _ 25 mAh U

location

mADh)

Average | Applicatio
Needed Permiss Energy n Star
P ] .
S -~ Power lons Consum | Rating out
154 2— Consuming | consum ption of Six
S Permissions ption Amount | Stars(~1
for the App rate per to ~ 30
minute mAh)
full network | ~ 16
- access mANh
2 = send sticky | ~ 16
= = broadcast mAh ~ 18
g i—'r:: prevent phone | ~ 18 | mAh ol
E from sleeping | mAh
run at startup | A
mANh




"Permissions” in the area of power consumption (Basic)

(=] ® O 3 DA il 66% ™ 11:45um

ENERGY
RATIN

T —

Identity

Contacts

Location

SMS

Phone
Photos/Media/Files
Camera

Microphone

Wi-Fi connection
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Technical Comparison Rating (Advanced)

"'96.

0

A “
,,;pi t'f :1
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Technical Comparison Rating (Advanced)

imrankst1221.website. in" .webview imrankst1221.website.  in" .webview

MainActivity : Activity() { MainActivity : Activity() {
t: Context nContext: Context

ath: String? = mCame 2 : String? =
k: ValueCallback<Array<Uri>>?7 = athCallback: ValueCallback<Array<Uri>>? =

binTryAgain: Button text =
m 2w WebView webView = findViewById<View>(R.id. WebView
: ProgressBar
3sh: View? =
sh: Relativelayout

ativelayou

e

.onCreate(savedInstanceState)
setContentView(R. layout.

AppCompatDelegate.setCompatVectorFromResourcesEnabled(

findViewById<View>(R. id. WebView
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Average Amount
of Energy
Consumption for
running the code
is =~895 mW

Energy-Aware Refactoring For Apps

imrankst1221.website. in" .webview imrankst1221.website.  in" .webview

MainActivity : Activity() { MainActivity : Activity() {
t: Context nContext: Context

ath: String? = mCame ath: String? =
X: ValueCallback<Array<l

lebView WebView = findViewById<View>(R. id. WebView
: ProgressBar
3sh: View? =
lavoutSplash: Relativelayout
: Relativelayout
: Relativelayout

)
onCreate(savedInstanceState: Bundle?) {
.onCreate(savedInstanceState)
setContentView(R. layout.

AppCompatDelegate.setCompatVectorFromResourcesEnabled(

findViewById<View>(R. id. WebView
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ck: ValueCallback<Array<Uri>>?7 =

Average Amount
of Energy
Consumption for
running the code
is=~795 mW




Technical Comparison Rating (Advanced)

N /
RAYNETE 303
( "' € 283 \> 1 ’ &
oY Q riginal
/ gé E ﬁ E1 mW/ t chde lFi,I‘Ep
=1
Original App ggg Measure Energy 'S
Play Store Code File 5 Consumption (Avardged Active,)SleD *EY
k Standby..etc RATING

Difference Rate =
[(E1-E2)/E1]%

( ‘ \ Difference Star
o

‘ Rate Rating

Equivalent
E>2 mW / t 0% * % * * *
0-25% * * * %
26-50% * % %

(Averaged Active, Sleep SR 124

\ Standby..etc) ‘ . 76-100% | %

End Users

q
ol
L 2L}

k Developers
(

Measure Energy
Consumption

X 2

Energy-Aware
Restructuring

Run on
Android
Environment

Aand3I0I1D

- Auto Energy-Aware Refactoring - Power Profilers

w
v
'F{d EARMO(3] PowerTutor [10] Smartphone
% leafactor[4] Monsoon [1]
< : LEAP [16]
Researchers & Trepn [13]
w
°©
o
[

\_

Restructuring and Measuring
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B T .al 58%m2:12 AM

Candy Crush Saga
King
Casual #1 Top Grossing

‘ TRY NOW ‘ INSTALL
In-app purchases
4.4 % 500M+
24M reviews Downloads

The sweetest match 3 puzzle game! Switch and
smash candies to solve the puzzles!

Read more
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< Top Charts

TOP FREE

TOP PAID  TOP GROSSING

1. Google Duo

Google Inc. ¥

45% ENERGY
RATING

2. Messenger
Facebook &

39% ENERGY

RATING FREE
3. Pokémon GO :
Niantic, Inc. & e
41% ENERGY

RATING INSTALLED
4. Facebook
Facebook &
40 % ENERGY

RATING
5. Snapchat :

Snapchat Inc &
39%

ENERGY
RATING FREE

Google Inc. ¥
44 %




Thank You
Obrigado
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