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Concepts




Green what?

Software product

Greening software

(ICT)
Software process

~

Greening the process Embedded

Software product Greening by

Software (by ICT)

System




Effects

Software product et el

Software process

Embedded
Software product

System Second order

Third order Socio technical System



Greening ‘by’ software

Smart grids
Smart cities
Smart cars
Smart factories
Smart ..



Greening ‘by’ software




Greening ‘the’ software

deployment dismissal

development operation
maintenance

i

Green the software

Green the process
(LEAN and GREEN)

First order effect
zero order effect






Green, what?
What does

mean exactly?

* Energy Consumption / Waste / Gas emissions
— |SO 14040, LCA

e Sustainability
— SO 25010 (was ISO 9126) extended



Life Cycle Assessment —1SO 14040

System environment System boundary
Raw material
Other acquisition
systems
Transport }— P —
Product Y » Elementary
flow flows
Production
Elementary Energy Use
flows supply '
' l
: Product Other
Recycling/ | ﬂow—. systems
Reuse
v
Waste

treatment




LCA

* Flows
— Energy
— Gas emissions
— (raw materials and wastes)



Sustainability

* “meeting the needs of the present without
compromising the ability of future generations
to meet their own needs” [UN report]

* Dimensions
— Economic
— Social
— Environmental
— Technical
— (Human)



1ISO 25010

|

|

|

Functional Performance | Operability Security ||Compatibility | Maintain-
Suitability efficiency
Appropriateness||  Availablity Time- Appropriatenass|| Confidentiality || Replacaabilty Modularity Portability
Acaracy Faull lolerance ||  behaviowr recognisability Inlegrity Co-existence Reusabilty Adaplabslity
Compliance || Recoveratdity || Resource- Leamabiity || Non-repudaton || Interoperability || Analyzabiity Instalabelity
Compl@ance uliksation Ease of use Accountability Complance || Changeabiity Compliance
Compliance Halpfulness Authenticity Modfication
Alfractivenes Compliance stability
Techrical Testabiity
accessibiity Compliance
Comaolance

Energy

efficiency




1ISO 25010

Quality in
use

Usability in use

Flexibility in use

Effectiveness in use
Efficiency in use
Satisfaction in use
Usabdity in use compliance

Context conformity in use
Context extendibility in use
Accessibility in use
Flexibility in use compliance

|
Safety

Operator health and safety
Public health and safety
Environmental harm in use
Commercial damage in use
Safetv comoliance

Sustainability
In use

Energy
consumption
Energy
efficiency
Pollutant
emissions




Metrics _

e Sustainability

— Environmental dimensi

\\\\\






Node

Application

ON

Hardware




Metrics — node level

Power, Energy:
— Watt, Joule

Productivity:

— MFLOPS / Watt

Power (node/application):
— power used by application

Productivity (node/application):
— sorted records / Joule

Power (node/0OS):
— power used by OS



Metrics - network

e Efficiency (network):
— energy(full - idle)/energy(full)

* Productivity(network):

— KB transferred / Joule



Metrics — infrastructure level

* Productivity (data center):

— useful work / energy

* Efficiency (data center):

— power used for storage /total power used



Summary

e (Zero), first, second, third level effects
e Green? Sustainable?

* No established general model

— Suggestion, first level
* 25010 extended with sustainability in use,
* metrics like energy, power, efficiency, productivity
* At node/network/infrastructure level

— LCA to be included
* Assumption: operation phase counts most









Energy consumption (2007)

Electrical ICT EE

energy consumption,
‘\ 830, 1%

consumption,
16570, 12%

Energy
consumption
[TWh],

TOTAL: 144000 TWh 122600, 87%



Energy consumption (2007)

1% total E (14000 TWh) Software product

First order

5% total EE (17400 TWh)

Embedded
Software product

System Second order

Third order Socio technical System




Energy consumption within ICT

Mobile Phones, Network, 6.05, 1%
44.6, 7%

Laptops, 46.2, 8%

Data Centers
[TWh], 330, 56%

PC [TWh], 163.2,
28%



CO, emissions

. . Software product :
2% total emissions P First order

Embedded
Software product

System Second order

Third order Socio technical System




CO2 emissions, ICT

Data centers
[MtCO2], 76,
18%

Telecommunica

tions, 150, 35% PCs, 200, 47%



Lifecycle analysis - PC

Other, 1200,
15%

Purchase Use,
1500, 19%

Design
Manufacture
[MJ ], 4250,
54%
Transport,
950, 12%



Energy— data centers

Other
infrastructure,
16.5, 5%

Power, 62.7

19%
Servers [MJ],
174.9, 53%

Power and
cooling

infrastructure,
75.9, 23%



Component analysis - PC

CPU:
/' Best Case: 12-30W
Motherboard: Worst Case: 60-120W
Best Case: 10-15 W &——
MEMORY:

Worst Case: 30-50W
Best Case: 5-15W

NETWORK CARD: Worst Case: 30-50W

Best Case: 01-082W

Worst Case: 0,3-3W GRAPHIC CARD:

Best Case: 3-10W
Worst Case: 25-180W

Power supplier:

Best Case: 5-15W
Worst Case: 40-60W

Monitor:
Best Case (LCD): 2-50W

Worst Case (CRT): 20-128 W BestCase: 3-5W
Worst Case: 10-15W

HDD:



ICT footprint

Small in %
Big in absolute numbers
Increasing trend

Worthwhile to work for reducing it



8
Q

=
e i

F R D @

é
|

e i S armire e gt TR AN AR A N A A TR o e =~ gyt e
R0 W T N A o Jg?cé\m«i_ig}i}eqt;,-anrtA ,
R 4;.&%.&.%....\.,1%1_ ry ;ﬁ-g_ﬁqg;}:‘_‘,ﬁnégiua S,
9/*.7;:71.:375.#;#4{}5.*;9«9’#11.7}?1} A.J..?l:..

,A © e ® W mo@ e ._ ® ._Eﬂ:.._v.‘.frt.. j?a*:t_.\uxs MNK VI QWO WFFbY

wow

.Ta.«./.x.én.l..r..r ... __z{._qravc_ bf.*xfﬁti%,aﬂ_md!réi_v.;ur\fﬂléH..}.i.?
AL i ey <<y 4 il A L T T - 0 oty L I e LT R R e
I ST T T L ] B e w00 4ie b B 4 T, B G By W P ot Pt CL]

(e %7 n_._ C..r%EBM,\?__?npmfe&ngv%dvar‘rl}ﬁaitk@g?i. pil M S i S
~ W e €1 Mo ®un oo Inr.ar ? ,N 0 e N CQ\*\.«..\.._&/tk..:tlasooor?ve\f.\d_f;i/tx
- i S T el il i T }).Hjﬂﬂiﬁs.s’(‘t}‘é‘v:_a}t M B

T S N .....av.....:T ii’igigéiiﬁi"ii\iv &l ¢

T
=

v- N Q@746

iﬂ t-&4.48

L. LY 0\ Q fe;ﬁlLS m./..b,nr/(..ﬂl uﬁ ...vPs..J.. L.\!» A_\:,‘a—n‘.uﬂw_s’a o )6809\4\ .\+\.\38a5!3r10‘29o£0‘\4\
% i. !._!z-v.!r ?.};iri?!r L it %.._ jlt\%ii#io nig}%gtf!i_’ IOO&: gl

e O 111 G W T R 53?0313?.0’:;&35.-; _____

S.PFNI_T?au/.SL.\.JLer Fu:‘l.’l.‘!: ./(..k..lon__\E_tr94_..\_.;...r\...\k
R L Al S T L Gl &

_..Awk..)/.u-:.— a ™M W = P iL..T...M?.I..'Q‘%iQD.I._w .ﬁ/dﬁr@d&‘a}}q;;bf‘.}*fa
e R R I R R S T SR Are T V'S 8 <@ O e e
.i,’}’_.t L R R IR - i"??.i?.gligzi YA IR———-—
PRODOOWAL-MB O 77’/:*&1*3?.}{?(%5. DR rACARRUL T/ TYURLPURZIUVS

O 6 00 [ Hn . i Il e ol G 2 A SR OF A, B WD LA YOS R0 B e ANV ity FlUME K M =
BAE?QD.ISH/’/f L|.T1.?aﬂlf?*.&!i‘\’\ﬂsg?i}g’ctii
e o SOy . - :_..4”,_.__, LEAFC R ¢ AW NPT WD WO TV S Py ey e R e

el " oSN @ s )l W R w‘tgdﬁn al,& @ o P €N D B By Uk R < mane

S Eﬂ)k,r.v..;,:lﬁ_A b M e e e

hio M.h.m,a.\ﬂ BEs e ™ © YAftfiu#QfL?Q%QW,LP!&)\aAA WM~ w
e BT D 4 w0 w o !ﬂ.}.!aﬁ»%9.;%?4%?5\@"?‘3?‘3'\!.‘ ~ e
o ik T S LA B . e 8?BV&;TJ%*?%’;(Z!;Q.’-Q"‘!:1.”‘."5..
i Dy I O _— - . [y i‘!v ax.s.; W@ g e " -
o ©e R l?ieiii oFA_L 1,.\6156\,@*0.1,*35_..9?2CE:..A76F€1

[ (S i
o Fth_u. nu. N.ﬂ.u,..._mtAi At?f:._ 3 ~ .C!F C - Rﬁﬂéﬂ.ﬁ”hdﬁ.ﬁ*{é.’ l:i:‘c..zQi?.u.’d;t» <€
gy | « A g > il ol pron. " {11 g g T = R e
FROVT e TH T TR . e .ﬂrss\*lfh_..rro. K5 1ObNOMN L CAMDADOAESI OLAOMMLL OO

TP M W IS N O DA € 40D W M D P f.nﬁ!ﬁ;?!e}!ﬁﬂ&f‘f.’*au
b o Bl R I T %ﬁﬁ4§3_1§!§§§!3:;;g&FI;E?‘\!,;;H "
S B A W w -,n ) 99 A TR §3?9&f&ti§i?§ti{(§q !a!‘?lirtmlita:aa-sdvsr |
«NiRT 'y & DM e daen H .7&, }‘g:a}iiﬂi\a;a_a_s:vze_«xv.c-utﬁAs,:,_..o.‘a

w

PR R RTINS RS E VAR A U e IS
M N Tl & w W e w c, - Mo A MR oy e sk.v...sini&_!}v
i O W ) e o oY lﬂfiiggzg_‘ Rl AL RSN, A K

TR FT WA R R LR VIR Y sl A e ?if&?.&& L Y
WU M @ 0 N BN N e PN e K DN @0 0 AL O A D BN e DO P - G gL
i T e e I i r.r‘gv.?ﬁ\?.ﬁ_.’.g::'a‘l:_?&r " es W e l
hf..m,_uwﬂ.\r;xnz.v}._zu,:zéca?ehejﬂ}e}?&?uz:e_..
..Lr

o (- L N T N SR HE NS IR S e e T i W }iﬂvariill RR Wb

TR R Y T R O ¢4v - e L L e e e e NG I B B R IR S b i
-0 A PG AT T R EOR i ot I K e 9 e B T R T B T 7 @

A G ALK S g S R A FI; O Bt aR FT ‘.c.qﬂ\'r.l..ixgk.vw,ol._?‘ -
SO~ A S W s ?.,l.r.T 'l J._r.v.f‘;\.s ﬂaf§¢r’?!§sw\¢x vedow?
MENY LD WO TV E S :Fﬂ’qt.vyfls.ﬂ./‘;f«t.&a Bl Mo W e WP $0 w1
PR ™ VR TR P R e tn,?.sica,r_iui,.vkvitilmﬁkihn B UG O W K A
00O O WU LT MO 0NN B A R0 0 00 L A 5 Do B TS e
WO W A0 D IS B N I i e e e N e @ S L b U o bomMARF Nl AL
a.‘ae&g..ms@,%/f%b__r I A T Tl o N L T
N P EruRy. J:...: :a...lyi !, ﬂ ?925;&!&’;05?3‘;“2!!006?‘2

< e e W qu.TL..l._. o= I W W00 B e BR ﬁ?*&.&,*\“r\‘sg—wf.f -
N w N ikm™ 1/.&»/» AR Fuufﬁ’%ibﬂu.v&!&}k.yf}t,ll ...u.\xglc.lx_.Lan._.HE,c "
v G, Ao b s 1 g e e B !.:..I‘muﬁ&i‘ g gyl W B gl
ek e 0w Q™ ® Wwo o ?‘%ﬂ%\f.rd?;int._\l,.; g - 3ASdbwv s T Y IVILTS W
W W TV LOEMA® 00D SITe D S WR I Ve noeo e
E: L, . Ot ,.,,“”,.“_ WM b S N B LatJ :J.av gﬂr.}‘ﬁf ."-c‘tz.‘;.;gs\’

{ N L
..3.._7.1),),;.’!".I’.-?‘.....Vllll‘li...'.."..-_il-.ll.r.tin.'.l.r




8
Q

=
e i

F R D @

é
|

e i S armire e gt TR AN AR A N A A TR o e =~ gyt e
R0 W T N A o Jg?cé\m«i_ig}i}eqt;,-anrtA ,
R 4;.&%.&.%....\.,1%1_ ry ;ﬁ-g_ﬁqg;}:‘_‘,ﬁnégiua S,
9/*.7;:71.:375.#;#4{}5.*;9«9’#11.7}?1} A.J..?l:..

,A © e ® W mo@ e ._ ® ._Eﬂ:.._v.‘.frt.. j?a*:t_.\uxs MNK VI QWO WFFbY

wow

.Ta.«./.x.én.l..r..r ... __z{._qravc_ bf.*xfﬁti%,aﬂ_md!réi_v.;ur\fﬂléH..}.i.?
AL i ey <<y 4 il A L T T - 0 oty L I e LT R R e
I ST T T L ] B e w00 4ie b B 4 T, B G By W P ot Pt CL]

(e %7 n_._ C..r%EBM,\?__?npmfe&ngv%dvar‘rl}ﬁaitk@g?i. pil M S i S
~ W e €1 Mo ®un oo Inr.ar ? ,N 0 e N CQ\*\.«..\.._&/tk..:tlasooor?ve\f.\d_f;i/tx
- i S T el il i T }).Hjﬂﬂiﬁs.s’(‘t}‘é‘v:_a}t M B

T S N .....av.....:T ii’igigéiiﬁi"ii\iv &l ¢

T
=

v- N Q@746

iﬂ t-&4.48

L. LY 0\ Q fe;ﬁlLS m./..b,nr/(..ﬂl uﬁ ...vPs..J.. L.\!» A_\:,‘a—n‘.uﬂw_s’a o )6809\4\ .\+\.\38a5!3r10‘29o£0‘\4\
% i. !._!z-v.!r ?.};iri?!r L it %.._ jlt\%ii#io nig}%gtf!i_’ IOO&: gl

e O 111 G W T R 53?0313?.0’:;&35.-; _____

S.PFNI_T?au/.SL.\.JLer Fu:‘l.’l.‘!: ./(..k..lon__\E_tr94_..\_.;...r\...\k
R L Al S T L Gl &

_..Awk..)/.u-:.— a ™M W = P iL..T...M?.I..'Q‘%iQD.I._w .ﬁ/dﬁr@d&‘a}}q;;bf‘.}*fa
e R R I R R S T SR Are T V'S 8 <@ O e e
.i,’}’_.t L R R IR - i"??.i?.gligzi YA IR———-—
PRODOOWAL-MB O 77’/:*&1*3?.}{?(%5. DR rACARRUL T/ TYURLPURZIUVS

O 6 00 [ Hn . i Il e ol G 2 A SR OF A, B WD LA YOS R0 B e ANV ity FlUME K M =
BAE?QD.ISH/’/f L|.T1.?aﬂlf?*.&!i‘\’\ﬂsg?i}g’ctii
e o SOy . - :_..4”,_.__, LEAFC R ¢ AW NPT WD WO TV S Py ey e R e

el " oSN @ s )l W R w‘tgdﬁn al,& @ o P €N D B By Uk R < mane

S Eﬂ)k,r.v..;,:lﬁ_A b M e e e

hio M.h.m,a.\ﬂ BEs e ™ © YAftfiu#QfL?Q%QW,LP!&)\aAA WM~ w
e BT D 4 w0 w o !ﬂ.}.!aﬁ»%9.;%?4%?5\@"?‘3?‘3'\!.‘ ~ e
o ik T S LA B . e 8?BV&;TJ%*?%’;(Z!;Q.’-Q"‘!:1.”‘."5..
i Dy I O _— - . [y i‘!v ax.s.; W@ g e " -
o ©e R l?ieiii oFA_L 1,.\6156\,@*0.1,*35_..9?2CE:..A76F€1

[ (S i
o Fth_u. nu. N.ﬂ.u,..._mtAi At?f:._ 3 ~ .C!F C - Rﬁﬂéﬂ.ﬁ”hdﬁ.ﬁ*{é.’ l:i:‘c..zQi?.u.’d;t» <€
gy | « A g > il ol pron. " {11 g g T = R e
FROVT e TH T TR . e .ﬂrss\*lfh_..rro. K5 1ObNOMN L CAMDADOAESI OLAOMMLL OO

TP M W IS N O DA € 40D W M D P f.nﬁ!ﬁ;?!e}!ﬁﬂ&f‘f.’*au
b o Bl R I T %ﬁﬁ4§3_1§!§§§!3:;;g&FI;E?‘\!,;;H "
S B A W w -,n ) 99 A TR §3?9&f&ti§i?§ti{(§q !a!‘?lirtmlita:aa-sdvsr |
«NiRT 'y & DM e daen H .7&, }‘g:a}iiﬂi\a;a_a_s:vze_«xv.c-utﬁAs,:,_..o.‘a

w

PR R RTINS RS E VAR A U e IS
M N Tl & w W e w c, - Mo A MR oy e sk.v...sini&_!}v
i O W ) e o oY lﬂfiiggzg_‘ Rl AL RSN, A K

TR FT WA R R LR VIR Y sl A e ?if&?.&& L Y
WU M @ 0 N BN N e PN e K DN @0 0 AL O A D BN e DO P - G gL
i T e e I i r.r‘gv.?ﬁ\?.ﬁ_.’.g::'a‘l:_?&r " es W e l
hf..m,_uwﬂ.\r;xnz.v}._zu,:zéca?ehejﬂ}e}?&?uz:e_..
..Lr

o (- L N T N SR HE NS IR S e e T i W }iﬂvariill RR Wb

TR R Y T R O ¢4v - e L L e e e e NG I B B R IR S b i
-0 A PG AT T R EOR i ot I K e 9 e B T R T B T 7 @

A G ALK S g S R A FI; O Bt aR FT ‘.c.qﬂ\'r.l..ixgk.vw,ol._?‘ -
SO~ A S W s ?.,l.r.T 'l J._r.v.f‘;\.s ﬂaf§¢r’?!§sw\¢x vedow?
MENY LD WO TV E S :Fﬂ’qt.vyfls.ﬂ./‘;f«t.&a Bl Mo W e WP $0 w1
PR ™ VR TR P R e tn,?.sica,r_iui,.vkvitilmﬁkihn B UG O W K A
00O O WU LT MO 0NN B A R0 0 00 L A 5 Do B TS e
WO W A0 D IS B N I i e e e N e @ S L b U o bomMARF Nl AL
a.‘ae&g..ms@,%/f%b__r I A T Tl o N L T
N P EruRy. J:...: :a...lyi !, ﬂ ?925;&!&’;05?3‘;“2!!006?‘2

< e e W qu.TL..l._. o= I W W00 B e BR ﬁ?*&.&,*\“r\‘sg—wf.f -
N w N ikm™ 1/.&»/» AR Fuufﬁ’%ibﬂu.v&!&}k.yf}t,ll ...u.\xglc.lx_.Lan._.HE,c "
v G, Ao b s 1 g e e B !.:..I‘muﬁ&i‘ g gyl W B gl
ek e 0w Q™ ® Wwo o ?‘%ﬂ%\f.rd?;int._\l,.; g - 3ASdbwv s T Y IVILTS W
W W TV LOEMA® 00D SITe D S WR I Ve noeo e
E: L, . Ot ,.,,“”,.“_ WM b S N B LatJ :J.av gﬂr.}‘ﬁf ."-c‘tz.‘;.;gs\’

{ N L
..3.._7.1),),;.’!".I’.-?‘.....Vllll‘li...'.."..-_il-.ll.r.tin.'.l.r




Power consumption average per scenario

B Oid-Generation PC

B New-Generation PC
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Power consumption increase per scenario

B Old-Generation PC
B New-Generation PC
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PC, application families

gedit LibreOtfice GoogleDocs || Thunderbird Gmail mpgi2¥| Banshee | Rhythmbox
ety
Test
[ system
£ editing
| 1 email
- * 2
—_ " 1 music
1 —— | ‘£
—_— —_—— [ | cmp—
—— ' == —;— !
J I

| I . | | | o | | ] ) | | I o
idle  busy idlie  busy idle  busy e  busy idle  busy busy idle  busy wle  busy



2 effects — case 3

* Danfoss
Software Development | Software Exec. System Operation
Dev/Sup team: 5/1 engineers, Dev
Explanation / Assumptions |time: 1 year, Equipment: 500 Motor size: 1 kW, Product life-time: 10 years, Demand: 100,000 pieces
W/engineer, Infrastructure: 2 kW
Power consumer Software Team Control Card Fan Electric Motor |Industrial Application
Power consumption per Development: 4.500
5 3 1.000 <1.000
consumer [W] Support: 2.500
Possible power savings per 60 not relevant 80 10
consumer [%]
Power consumption 45 ) _ _ _
development year [k Wyear] ’
A2 25 500 300 100,000 < 100.000
operation year [k Wyear]
B e 29,5 5.000 3.000 1.000.000 < 1.000.000
over 1+ 10 years [kWyear]
Total power constmption Wi 11,8 (-17,7) 5.000(0) | 600 (-2400) |900.000 (-100.000)| 400.000 (-600.000)
power savings [k Wyear]
Normalized power . < Electric Motor
ligibl <1 <1 1 ’
consumption [%] negligivle 00 application dependent




Issues

* Definition of scenarios of usage
e Measurement and effect of context

— (In)dependence of hardware
— (In)dependence of other applications



Summary

Small % consumption of ICT, but huge in
absolute number, and increasing

Servers first, then PCs, mobile phones
In lifecycle, manufacturing matters more

Application consumption can be measured,
and has impact









Guidelines

NETWORK

INFRASTRUCTURE

N

qé




Guidelines — node /application level

Efficient Ul design

— To minimize time (energy) to accomplish a task
Event based programming

— No polling, no idle resources

Low level programming

— Virtual machines, high level programming may be
energy inefficient

Batch I/O

— Economy of scale. OS can power down |0 devices
when not used



Guidelines — Node/ application level

Allocate data / computation where more
energy efficient

— Cfr deploy on cloud

Data redundancy and migration
— May reduce energy efficiency

Adapt/ scale QoS to energy availability
Use energy models

— To adapt / optimize behavior of application



Guidelines — Node/OS level

Provide energy management services / API

— Cfr energy models for applications

Optimize use of devices

— Require collaboration from device drivers / device
manufacturers

Use compiler optimization

Use only required services and background
processes



Guidelines — Node/ hardware level

* Power down / optimize use of peripherals
e Use special purpose hardware

* Use dynamic power management capabilities
— ACPI

* Devices provide energy consumption data



Guidelines — network level

* Lower data traffic
e Optimize protocols on energy consumption



Guidelines — infrastructure level

* Deploy applications on the cloud
— Virtualization, less hardware, less consumption
— Worse response times

* Load balancing
— Distribute load on resources (CPU, storage ..)
— Less powerful hardware needed

 Make information about consumption
available

— For adapting energy behaviour



Guidelines - summary

* Adaptation
— feedback loops on energy /power
— availability of energy information
— models for energy behavior

— scenarios of energy usage
* Works already at OS — device level, to be extended upwards

e System thinking

— Allocation of data/computation in function of (system)
energy consumption









Research goals

* Concepts
— Greening software or by software???
— Agreed upon high level model (25010 ..)
* Facts
— Productivity and efficiency figures
— Application level
* Guidelines
— More detailed
— With context (AKA patterns and antipatterns)
— With quantified effects



Research goals

e Guidelines

— Availability of energy / power / usage information
at all levels

* Hardware, OS, application, function

— Definition and validation of energy models at all
levels

— Self adaptation, at all levels
e System level, layered

— Benchmarking



Washing

Energy machine

Manufacturer
Model

More efficient

N =
Less efficient |
Energy consumpon 0%
KWhicycle
Banet o Marwiewd \ew rea iy e B C
COmON Tyl |
Aduw wwrgy rearyBon oMl
(gl o feve Be mplews e & el
. .
Washing performance ABcotre
A Ngw U e
Spin drying performance Ascoerc
A Sgher G owe
Sor sgeed (g 1400
- - ‘.
Capacty (cotion) kg 50
Waler consumption | L2
Noise Washing | s2
(GB(A) re 1 pW) Spinning| L

Further riormeaton & cordrued
N product brochure




Software Energy Labels

application benchmark
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Software Energy Labels

application assess

refactor
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