Testing the Eneroetic Cahsume‘twﬁ
of Software: Why and How
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Why Energyis \wortaﬂ‘t ¢
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Mankind, ha.s evolved gurther Than Lh a blological wany.

1T haes also evolved Through the increased use o Techhology in their habits.
alThough inttially only in COﬂCeP't hardware.

“The man Today Ls quite distant grom nature al polnt of beue\ve\s 10 P05SeS5S a
wriual existence, controlled and mediated by the intangible - the software.

This evolution ts only reachable thanks To a technology called “electricity.”
This Technology Ls so Lmpor TanT sor

humani Ty Thatl LT shared his

exitstence on electricity

ecosystem!




Why

Global Energetic Model

2014 - Total Final Consumption

by Fuel (Mtoe)

Geothermal,
Solar, Wind, etc.

‘D..

Biofuels and waste
6%

Coal
3%

Energyis Important ¢

2014 - World Electricity
Generation by Fuel (TWh)

Geothermal, Solar,
Wind, etc.
6%

Hydro
16%

1%

41%

TN

Nuclear

11%

Oil
4%

Natural

Gas
22%

The specific Tyre of ener gy
called “electricity”, in
context of The totlal energy
generatled, descends on Lts
ma joriTy§rom non-renewable
sources (63%) which emit
12547 million Tons of COZ per
TN, which represents near
10 % of the world total
emissions of COZ.

* . .
Considering nuclear ener gy as
renewable

oY
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COZ Ls The main gas caldsing The
greenhouse efsect, and Today the
guanTities emilled are excessive. Tor
Thatl we are contribule efsectively 1o
The Climate Change.

The United Nations indicate sor
surival of the srecies (induding human )
The inCrease of lemperature at flanet
ust old more 2°C, ot lmit more 4° C.




Why Energy is Important ¢

Challenges: Sustainable Development

Urban Porulations Growing

N 2011, 1.5 billion pectle, L.e., Tin every D of
The world s populaTion had No access 1o
electricity.

N 2010 more than half The populaTion lived Ln
Urban areas and LT Ls extecled That in
2000, 7 reorle in 10 are L1y residents.

20, demand sor eleCTriclly ih locaions
where The electrical dLsTribuTion
Nfrastructure are non—existent or
Lnessective LS LNCreasing.

VolthWomen ‘

Sustainable energy for women and girls

1in 5 people don't have
access to electricity

Household air pollution
is the second biggest
cause of women’s death
after childbirth

SIX TIMES as many
people die from the

results of inhaling
cooking smoke than from

Lighting shouldn't kilL..
Cooking shouldn't kilL..

@Ashden



Why Energy is Important ¢
Chobenges; fstairble Dot _4
- _— S \

The United Nations alerT 1o The ener gy paradigm of 50@@‘&@5] N
parlicular To The poorest countries, where LT was agreed Thal The
ener gy musT be provided 1o all cllizens as (t's fundamental To The

culsi m\eﬁt ot all the "Millernum Development Goals (MDGs )"

Three UN objectives To be achieved by 2050:
® Ensure universal access to modern ener gy serwces.
® Double the global rate of tmprovement Lh ener gy efsiciency.

*® Double the share of renewable ener gy in the global energy mix.
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Resume

"'JZD@T 9y (cmc LTS consumption/ i

New (Governance Model:

Sustainable Ener gy bAll ECONOMIC
PROSPERITY

S Important ¢
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How we can helpé

Here we are: Testers! .

e T Mﬂfﬁ/”\\

Sostware Testers are ready to help

A Doftware Tesler performs an actinty all over
The software production cidde, srom The collection
of Requirements, 1o the suppor T The delivery o The
SofTware Product To customer or end user.

The Testn %QCTL\VLM can be qualiTative and
guantitative by measurements al The code level,
UncTionallty or fealure of a Software Program.

We lhve for Quality Assurance!




How we can helpé
Here we ﬁ@s‘teﬂns{ /\
Computer’s Power

Where can we "\d?a.’ Consumption

Distribution

A computer system, or compuler, Ls The set of physical S
electronic devices \hardware ) carable of persorming 26\ 1% o
algoriTthmic calculaTions Ln accordance wilh Cevtain
erocedures desined by logical (sostware ).

Actiuelly, e computer consumes more then 65% of
ower chjt)latg dealing wilh processing tasks
tanias

ANd L5 The software Thal requires processing
carability 1o persorm LTS {UNCTLONS.




How we can helpé
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HW + SW a.s whole

A Sottware Tester can measure The ener gy consumeTion wilhouT established
barriers between sofiware and hardware.

The 1950 117956:1899 indicates:
“In order 1o measure the insluence of sostware on the time behavior of a data
PTO%@SS},D@ system LT Ls Necessary Lo measure The Time behavior of The whole
system.” .

This sentence in The context of 190 desiniTion, Tells us 1o test the ener g
consumetion of sostware fou musT Test the platform as a whole, because for
xample The software Under Test only runs L§ There Ls an oreraling sYystem

[05) below that will have an estect,



How we can helps

\"T Professions Scenario

Energy Efficiency

®Tor over a decade and a half, hardware engineer s
(eg, Intel, AMD ) have been concerned about ener oy
essiciency (>=2000 year .

¥ The Programmers, wilh The evolution of the
Sottware LN the mobile devices “was forced” 1o
deal with Ener gy lumitations because the
batteries (>=2008).

® o0 we (testers/ are once again started aster
The race started.



How we can helpd

Status Quo s

¥ In the book we can consider the tester’s bible "Art of Software Testing'
(1973 ) of Glentord Myers et al. LT contained the sollowing exceret "there are
brograms thal may have seecliic persormance targets and essiciency’.

%0On 2008, we can pick The firsts references on Eurostar Conserence by
Brennan and Blatt, particularly The second.

WDl T refers Thal hardware engineering already had ener gy essiciency
measures Lmplemented and because of Thal, Theyknew The beneflls of fthancial
samngs. He also stated that they have a metric "persormance per watt' Blatt
also asked The essential question Thatl all software engineers should reslect
upon: "Highly essicient code will use less processing power, and Theresore less
ener gYs but Ls the extra develoement essort (and ener gy spent doing L) worth
Lte”

oY
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* Begiming at 2010, in Germany, the project Green Sostware (GE/ and

The annual conserence Ener gy-Aware High Persormance Computing
(EAHPC ) emer ged, and many sclentific parers about ener gy essiciency
software were boosted.

$E g, 0 201, on EAHPC, Mammel 7 al. demonstrated by an optimization of an
algoriThm how To disTribute work over a sel of servers in further D Years.
nicknamed Job Scheduler (see sioure ), the existence of an increase Lh ener 9
essiciency of 53%. O

Back Front .




How we can helpé

Here we are: Testers!

Re-catch attention about Testing Energy Consumption of Software

2015, on the omaq log of Belgium Testing Days | get a Text successsully
a@mmec& and on thatl eresent § Cwoumeﬁ"té for um‘tec dLscussion and no
PTOgress LN metmg\s O% ‘tes*tm 9 ‘U\e ener g4 consumption of software:

Lack of demand from The market

Negative percertion of emvironmental radicalism

Ener gy consumption Ls seen as a hardware problem

Lack of Tools makes LT difsicult To test

Low cosT benesil

Deneflts may afsect the consumer rather Than The organization
S0§tware development mailnly occur s L develored countries

Exist others debatles more exclling

O Oy U1 =5 (2 PO =



How we can helps
Measurew e

®lle can measure The ener gy consumetion by Two
wads: physical (direct and indirect/ and emulated
(stmulated /.

wPhysical measurement devices can be done wilh
wattmeter (power meter ) or a clame-on meter.
2 The flrsT Ls an imasive devce L0 The eleCtrical sueply.
R The second Ls NOT tmvasive LN The electrical circuit
(50 does not ingluence, posttively or negatively, The
measiured consumetion] because the calculation Ls
estimatled by magnetic field of The calirer.




How we can helpé

Measure Tools S
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® There are also The measuring tools
who simulated consumption
FIPPE T ¢rom Intel
e JoulemeTer from MLCrososT
kand more frequently add-ons for The
iNtegratlion into software development
Tools like Microsost Visual Studio
Ener gy Consumption prosiler

| Start/Stop Log Button |
| _Close Button
r ’ v
(intel) [ sTARTLOG |
Processor Pwr : 5.27W X
s e Options Button
120
80
40
Of_u_, 71 e, M

Processor Freq: 2.21GH
Base Freq: 2.60GH
4.00
SRR I (—| Frequency Pane
‘_W‘ln |
| Iyv
(s

N N

.= Joulemeter Manual Model Entry (= )

Manual power madel entry: Use only if unable to perfarm calibration,
See About -» QuickStart far instructions.

Model type: | Previous Madel (if any) ~

Base (ldle) power (Watts): 1100
Processor peak power (high frequency): 930
Pracessor peak power (low frequency): 95,0

Manitor power: 0,0

Cancel

Save Manual Power Model l
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SharingResuits . —

B C\Users\Paulo Matos\dp2014\Dropbox!\ Tese PM\6 tarefa - execugdo batena de testes\CT_B\lnvert...| = )

InvertHex (TProcuraConstrutivad
[Conf iguracoes] debuy @ | calcularCaminho @ | limiteNivel 18
[Estatizticas] expanzoes 5 | geracoes 168 | avaliacoes @

Case Study A - mathematical algorithn

WA mathematical algoriThm That can be

#5 source code creatled : Two by sTudents e s s (IS | Liieobvel 19
and the Third by an academic Teacher

[Estatisticas] expansoes B | geracoes @ | avaliacoes @

Sample TC2

idmi 3 - Heuristica [Inicializacaol

wRCompiLle The source code To run on W7

K Testing using Microsost Joulemeter Sr——

Puzzle InvertHex (TProcuraConstrutiva>
[Configuracoes] debug @ | calcularCaminho B | limiteNivel 18
[Estatisticas] expansoes B | geracoes B

w2 digserent architecture SYystem Under
Testing (Lartop and fixed workstation)




How we can helpd
Sharin N

Case Study A - Ma.thematical algorithm

Energy Consumption

TC.1 (Ws) TC.2 (Ws) TC.3 (Ws)

Ws(thousands )
P [N] £ ¥y ] Loy
= 2 = =] L=

=
=]

=]

ESUT1 E5UTZ

R /\

|| Energy Consumption | Max_

S0 TC.1(Ws) TC.2 (Ws) TC.3 (Ws) A%

(T (5551 13733011 11524621 3274%
L2 | | R

A% 17% 20% 19%



How we can helps

5harmgw
Case Study B - Browser Starting

Session-bBased Testing:

g (LNd The best browser 1o starT-up wilh homepage
of http:// www romaniatesting.ro/ by the point of
wew of ener gy ConsSumpTLon.

MeThod:
% Tor each browser make 10 vuns 1o carture the

ener g4y consumption and we calculate the average.

Detlween Tests we clean cache. The access 1o
internet by using e mobile connection.
Browsers on test:
% Mozilla Firesox 55.0.2 (Bibits)
& Microsost Edge 25.10536.672.0
= Google Chrome Version 53.0.5029.96 (Gibits)

Tools used:
F INtel® Power Gadget .0
% CrazyClock (for hele To monitor the time)
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http://www.romaniatesting.ro/

How we (Testers/ can helpé
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¥ The stakeholders should know That ener gy consumption can be an tmportant
requirement, NoT onlY sor mobile bul also sor common use on ever Ything.

B The task of evaluaTion should be given 1o The Testers because They are The
elements of software development Thal has The mission of worrYng about
quallty assurance.

W The testers should Ldentisy The best tool To use Ln Thelr Tests N a methodical
way given The variabllily and visks of tmprecision of each, LN par Ticular Lh The
emilated ones.

WAN Lmpor TanT aspect of This Type of TesTing Ls To Understand we compare The
Our results wilh wha1 ¢ The comparison Ls made To an earlier version of a
OUT Product, or Ls wilh similar producT on markel, or LS onlY sor knowing The
persormance on digserent platsorms. BY This way, our work can only Ldentisy
optimiza tion situations (<20% ) or very bad situations (> 4000%).

oY
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