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Problem:

Software causes too much
energy consumption
for today's ICT applications!
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Connection
Lost

Power Consumption: .-
~20W - 40W

- Uptime: ~90 min. c—

\ / - Software controls motors and
thus, energy cons@\pt{i;%!
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Target:

Optimization of software's
energy consumption
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Energy Profiling

« Prerequesite of Optimization

« Many problem- and device-specific solutions exist
« Software- and hardware-based approaches [HSB12]
« Focus on:

Desktop [LLO6] [SEMNOS],

Laptop [FliO1],

e,

L
H
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Server [KZL+10], i
Smart phone [PHZ12] [VSF+12] [HSB12], S
Robot applications [KWO08].

|
NN gl I |
&

« But: no generic, reusable, easy-to-use solutions

— Target: a generic, reusable profiling framework
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REQUIREMENTS FOR
ENERGY PROFILING
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Profiling
Requirements

/R1/ Workload capabilities
/R2/ Profiling capabilities

/R3/ Test run coordination

/R4/ Result evaluation and presentation

31.03.2013 8
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Requirements

/R1/ Workload capabilities
/R1-1/ Workload execution

/R1-2/ Setup and tear down
functionality

/R1-3/ Eventlogging

31.03.2013

7] MainActivityjava (3] HelloworidTest java £ | (cll activity_mainmi

@ import android.test.ActivityInstrumentationTestCase?;

public class HelloWorldTest extends
-

cy> ¢

J#* Launcher activity class. */
private static Cl 1

vityClass =
/** {@link Solo} object for testing. */

private Solo solo;

/** Gonstructor. */
public HelloWorldTest() {
super ("com. example.hellowozld”, laus

ivityClass);

Javades)

see android.test.ActivityInstrumentationTestCase2fsetUp ()

ov

public void setlp() {

de

selo = new Solo(gevInstrumentation(), gevActivity());

avadoc)

strumentati

estCase2#teardown()

ov

de

public void tearDown() {
s0lo.finishOpenedActivities () 7

1

/** Simple test case to open a plain HTML web page. */

public void testMain() throws InterruptedException {
solo.waitForActivity("MainActivity", 10000);
Thread.slesp(5000) ;

Lclass:
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Requirements

/R2/ Profiling capabilities

/R2-1/
/R2-2/
/R2-3/
/R2-4/
/R2-5/
/R2-6/
/R2-7/

31.03.2013

Energy consumption profiling
Automated profiler calibration
Software- and hardware-based profiling
On- and off-device profiling

Eased integration of new devices
Parallel profiling of multiple devices

Profiling of further hardware information

!.b*
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Requirements

/R3/ Test run coordination - ;
/R3-1/ Coordinated profiler and J7
workload execution
) . > init
/R3-2/ Multiple runs - et
L ekl > —
/R3-3/ Synchronization of workload = L= e
and profiling events > o
/R3-4/ Synchronization of system J?
clocks T 3
;>ana\vs d export results
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Requirements

| B =

|
1

/R4/ Result evaluation and presentation %

/R4-1/ Result evaluation

|
B i e

/R4-2/ Result preservation ~

/R4-3/ Result presentation

31.03.2013
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JOULE UNIT
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JouleUnit
Top-level architecture

Concepts to trigger profiling, and to preserve, export and present profiling results.

Concepts to deploy and execute workloads, coordinate profiling and evaluate results.

Concepts to define use cases and data, Concepts to pick power rate probes and
as well as for their execution. compute energy consumption.

31.03.2013 14
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The workload runner

« Reuses the JUnit framework

 Workload execution (/R1-1/)

« Setup and tear down (/R1-2/)

« Event logging must be provided
device/0OS-specific (/R1-3/)

« E.g., by reusing Android Log Cat

31.03.2013

15



TECHNISCHE
@ UNIVERSITAT
DRESDEN

The energy profiler

JouleProfiler
calibrate() EnergyProfile PowerRate
startProfilin hm————— ¢ S
endProfilin %) EnergyProfile [-<creates>> getConsumedEnergy() |3 2..%| getPowerRate()
IogEvent()g | > getDuration() getTimeStamp()

« Profiling and automated calibration (/R2-1/, /R2-2/)
« On-/Off-device profiling based on deployment (/R2-3/, /R2-4/)

« Abstract reusable classes

— Eased integration of new devices, plattforms (/R2-5/)

« Composite profilers supported (/R2-6/)
* Further hardware profiling possible (/R2-7/)

31.03.2013
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The coordination layer

« Encapsulates workflow for coordinated
workload and profiler execution (/R3-1/)

« Abstract implementation provides
workflow sceleton

« Support of multiple runs (/R3-2/)

JouleUnitCoordinator

+ runTestRun()

# computeTimestampOffsets()
# deployTestCases()

# startEnergyProfiling()

# startHardwareProfiling()

# runTestCases()

# stopHardwareProfiling()

# stopEnergyProfiling()

# undeployTestCases()

# propagateResults()

« Synchronization of workload and profiling events based on

timestamps (/R3-3/)

« Automated NTP-based system clock synchronization (/R3-4/)

31.03.2013
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The JouleUnit workbench

e Result evaluation (/R4-1))

« Computation of average results and
standard deviation

« Result preservation (/R4-2/)
« (CSV and SQL export

« Result presentation (/R4-3/)
« Eclipse-integrated runners and views
« Based on abstract concepts
— Reusable for different devices and OSs

31.03.2013 18



& Joule Unit - Eclipse Platior I

L= O

File Edit Refactor Source Mavigate Search Project Run  Window Help

SnRAFINERSEE Y, B -RNGR Sl NEER R AP RAU RSy Nee B0 S NNl

Quick Access

Y Yl

[ Project Explorer &2 Gl “=0

3 E_S asl-demo

£ Test Run Details 52

= H o

Show values from sec. g tosec. 350

127 Chrome
127 com.maildroid test

Update Chart

b com.ninesky.browser.test
=) com.opera.browser.test 4.000
b com.ovmobile.droidsurfing.test 3.750

127 droidSurfing 3.500
[ &G easy.browser.classic.test 3.250

L EasyBrowser 3.000

17 FirefoxTesting
3 E_g kamail 2.750

7 Kmail.test 2.500

1 Maxthon 2.250

1T Ninesky
3 Eﬂ' = OperaTest 2378 [svn+ss stinf.tu-dresc 2.000
b org.mozilla firefox test 1.750

7 org.qualitune jouleunit.android. hwservice 1.500
I 1=f = erg.qualitune jouleunit.android.tests.browser 1.950
3 EEJ, org.qualitunejouleunit.android.tests.mail 2235 :
3 Eﬂ = org.qualitune.jouleunit.tests k8mail 1911 [svn 1.000
[ g,—% org.qualitune,jouleunit.tests.maildroid 2290 [sv 750
[ g_—% org.qualitune,jouleunit.tests.maildroidpre 2373 500
i 1= simplesort.example
i leF video.examplesimple 2496 [svn+sshy//svn-st.in 230

0
i 1 2 3 4 5 6 7 8 & 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35
T Fe—— 3 Time [secs]
| W Power Rate [m\W] ® CPU Frequency [MHz] & CPU Frequency [MHz] * WiFi Traffic [Byte] = LCD Brightness [0 .. 2551
gu JUnit &2 = 0
a® EE| % fom -~ &]?Te;tﬂunRe;ults pxd ¥ =8

Finished after 30,844 seconds Individual Test Case Results Avg. Test Case Rﬂuns‘
: B : B Fai : . .
Funs: HEL Enors [0 Fatlures: [0 Test Case Start [ms] Stop [ms] Duration [ms] Avg, Power Rate [mW] Energy Consumption [m)]
_ @ orgjouleunit.android.testldle 1350993670179 1350993672178  1999,00 2764,28 552579
® testRawWebsite(easy.b classic.test.EasyBro, 5099; 5099: 3046,
[ 'E’E easy.browser.classic.test.EasyBrowserTests [Run - < - L EE7515 g5 0367 3850, 00) = BE5A1.65
El Console i3 E‘uEﬁh‘jE'F‘j':‘ﬁ
Android
< L] d + [2812-18-23 14:81:87 - easy.browser.classic.test] Install hardware profiling service... -
= Failure Trace [2812-18-23 14:81:83 - easy.browser.classic.test] Computed time offset: 3 millis.
- [2@12-18-23 14:@1:88 - easy.browser.classic.test] Initialize profiling...
[2812-18-23 14:81:88 - easy.browser.classic.test] Start Hardware probe service...
[2812-18-23 14:81:89 - easy.browser.classic.test] Running tests...
[2612-18-23 14:81:89 - easy.browser.classic.test] Profile idle energy consumption...
[2812-18-23 14:81:11 - easy.browser.classic.test] Run #1 of 1 ...
[2812-18-23 14:81:42 - easy.browser.classic.test]  testRawkebsite(easy.browser.classic.test.EasyBrowserTests) finished.
[2812-18-23 14:81:42 - easy.browser.classic.test] Test run finished
[2812-18-23 14:81:43 - easy.browser.classic.test] Profiling terminated.
[2812-18-23 14:81:44 - easy.browser.classic.test] Hardware probe service stopped.
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CASE STUDIES
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JouleUnit for Android

« Workload runner

e Reuse of the JUnit runner for Android

« Energy profiler
« Software-based profiling (ACPI infos from /proc)
« Hardware-based profiling (Yokogawa WT210 power meter)

« Coordination Layer
« Android-specific implementation
« Based on the Android Debug Bridge (ADB) and Log Cat

31.03.2013 21
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Comparing Android apps'
energy consumpth“

« Definition of benchmarks as a set of test cases
« Web browsing
« Emailing

« Instantiation of the benchmarks for existing applications

[WRP+12] [WRG+13] P ——
- EasyBrowser, DroidSurfing, NineSky G
« K9 Mail, MailDroid, MailDroid Pro .w

« Profiling of each use case 50 times per application

— The first approach comparing apps from usage domains!

22
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JouleUnit for NAOs

« Workload runner
« Workload execution via web service [GLR+12]

« Energy profiler
« Power rates from NAQO's battery sensor (20 Hz)
« Profiling on device, retrieval via web service

« Coordination Layer

« Simple Java implementation
triggering JUnit and profiler

« Overall implementation time: 3-4 hours

31.03.2013 23
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Lessons learnt

« Eased implementation for individual devices
« Sensible layering of framework
« Reuse of abstract implementations

« Reuseable coordinator implementation
« Saves a lot of time

« No worries on time synchronization

31.03.2013
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Summary

« Energy optimization of software is important
« Many profiling approaches, but no generic solutions
« Requirements analysis

« JouleUnit
« Implementations for Android and NAOs
« http://www jouleunit.org/

* Further questions?

e claas.wilke@tu-dresden.de

31.03.2013 25
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