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Koodin vihreyden mittaaminen

o Suorat mittaukset
* Laitteiden sahkdnkayttd kuormituksessa (kulutusmittarit)
* Prosessorien sahkonkayttd kuormituksessa (esim. RAPL)

o Epdasuorat mittaukset
» Sahkdnkayttd prosessorikuorman perusteella
« CO2-paastot tietoliikenteen maaran perusteella

o Mallinnukset
« LCA-laskenta
* Software Carbon Intensity (SCI) —standardi

o Ohjelmiston ominaisuuksiin perustuva arviointi
* Vlhreiden ohjelmistojen kriteeristot
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SERENA (Kern et
al, 2018)

o Software Energy and
Resource EfficieNcy Analysis

o Pohjana mittauslabran
cehitykselle

o Linkittyy myds Blue Angelin
Resource and Energy-
Efficient Software Products -
ymparistdmerkkiin
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YIEinen Measurements
mittauskehikko: | e

Green Software oo
Measurement Msfgimeent
Model (Guldner toces
et al., 2024)

Measurement data
Metadata

Measurement

‘Analysis report
Setup

Data Evaluation
Models e :
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Esiteltava
mittausmenetelma:

Mittauslabra &

Power GOinn I\/Iittauslbra, jota
iohjataanh

Power Goblinilla

Measurement data

Ohjelmistojen Metadata
itse ajettavat

osat Analysis report

Analyysiraportti,
dashboard —

Euroopan unionin 4
osarahoittama

3 Elinvoimakeskus

N

VISIIRI.



Mittauslaboratorio

o Kykenee simuloimaan
ohjelmistojarjestelman
toimintaa {front, back,
tietoliikenne)

o Sisaltaa AC/DC .
virrankulutusmittareita, PC-
koneita, pienoistietokoneita ja
verkkolaitteita

o Rakennusohjeet:
https://tech.utuqit.fi/soft/tools
/power/lab/
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https://tech.utugit.fi/soft/tools/power/lab/
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Power Goblin -

tyokalu
o OS-tyokalu

sahkonkulutusmittausten

kKeruuseen

nallintaan ja datan

o Mittauslabran sydan

o Saatavilla:

https://tech.utugit.fi/soft/to

ols/power/doc/manual/

* X %
* *
* *
* *
o
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Status

« ID: 410341 267c4dTbiBaSr2 11935666371 24b2b4019
» Name: PowerGoblin instance
+ Application: PowerGoblin 101
= OSfarch: Linux/amdéd
+ Cores: 32
+ Load avg: 0.97802734375
* VM mem: 120 MiB
* VM mem free: 29%
+ Launch time: 19.1.2026 ko 10.30.01
= Uptime: 0h Omin 1135
+ Log files: 799
« Logged tasks: 0
+ Meters: 3
» Services:
Simple HTTP: onkine 10.1.0. 998080 (enpa2s0)
dummy t online (dummy)
= Subsystems:
USB: online
Serial: online
USB HID: online
Simulated meters: offline
io_uring: online
MQTT: dummy MQTT
+ Meter sources:
USB: 5P3, PMD2
USE HI
Simulated meters: 510U
= Sessions:

Hardkernel SmartPower 3s

SP3-3a 1D: 5P3-3a0892%c0deseal 152061 e 799425401
Description: Silicon Labs CP2102N USE to UART Bridge
Controller

Protocol: LUSE serial

Type: Hardkerriel SmartPower 3

Channels: out1, cut2, in

Output channels: outi, out2

Poll period: 10 ms

Sample rate: 100 Kz

Log events: yes

Bus path: 3-20

Device path: /devittylUse2

Vendor ld: 10c4:ea60

Port configuration: 115200-8-N-1

Max power. 100 ma

USB bus speed: 12 Mbps

Serial number: 3a0B525:0deacal1a5a061 795425001

Hardkernel SmartPowers
5P1.58 1D: 5P1-5814b9da08cfe05E844{aa45e56611 25
Description: Microchip Technology Inc. Simple HID Device
Demo

makeskus

msuance

Configuration

« Default name: PowerGoblin instance

« Status and scan period: 1000 ms

« Debug mode: disabled

+ Device hot plug: enabled

« HTTP: enabled, http://0.0.0.0:8080, override = web/
« Implicit session: enabled

= Info mode: disabled

» Interactive mode: enabled

« Log meter events: enabled

« Log writer: enabled, path = logss

+ MQTT: disabled

= Relaxed Allow-Origin headers: disabled

= Simulated meters: disabled

» Telnet: disabled

= Verbose mode: disatiled

« Default session, Author: user

» Default session, Autosave: enabled

« Default session, Description: Generic measuring session
+ Default session, Include implicit run O disabled

« Default session, Name: default

« Default session, Resources: cpu-{idie, system, user}, if_octets, memory-{buffered, cached,

free, used}
« Default session, Write data dumps: enabled
« Default session, Write plot scripts: enabled
« Default session, Write plots: enabled
+ Default session, Write session report: enabled
= Default session, Write spreadsheet: enabled

SP3f8 1D: SP3-188041121600eb1 19eb87 1 18e931d311
Description: Silicon Labs CP2102N USB to UART Bridge
Controller

Protocok USE serial

Type: Hardkernel SmartPower 3

Channels: out1, outl, in

‘Output channels: outl, out2

Poll period: 10 ms

Sample rate: 100 Hz

Log events: yes

Bus path: 3-21

Device path: /dev/ityUse3

Vendor ld: 10c4:2a60

Port configuration: 115200-8-N-1

Max power; 100 ma

USB bus speed: 12 Mbps

Serlal number: f88d411a16d0eb119¢b87118931d3N
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Benchmark-mittaukset

Skenaarioiden tunnistaminen

Skriptien toteutus

Mittausten ajaminen
Tulosten analysointi
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Snheak Peek: Benchmark-
mittausten tulokset 1/2

Static site gen / UTU Lectures
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Snheak Peek: Benchmark-
mittausten tulokset 2/2

Java-virtuaalikoneet: Staattiset sivugeneraattorit:

-------
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GREEN SOFTWARE

LIFE CYCLE

Example criteria,
indicators, and
metrics

No unnecessary leftover data,
usable data must be simple to
transfer

Maintaining environmental
criteria, metrics of usage
[301], qualitative indicators of
user experience [22], energy
efficiency of other services
required for software to
function, avoidance of feature
creep and requirements bloat
[24]

Lines of code, technical
debt, code smells, found and
fixed defects, defect density,
project estimates vs reality,
validating environmental
criteria [11][26]

Seuraa!

/4

PISPOSAL

¢ Cleanly
removable [24]

MAINTENANCE

& OPERATION
1181

Sustainable us= .
.ange

L~
control [24]

9 tesning

« Efficient testing
incorporating
environmental

ol CONSTRUCTION

¢ Optimization of
sustainability during
development [3][11]

4

REQUIREMENTS

* Demands of
sustainability
stakeholders [4][37]

msieN 3

* Simplicity and
clarity [43]

Optimoi!

Mittaukset osana ohjelmistokehitysta
(Kivimaki et al. 2024)

General environmental
criteria, energy consumption,
hardware requirements [26],
environmentally friendly
functionalities [24]

Modular and lasting software,
supports sustainable use

by default, software and

its data are portable and
transparent [24], effective

GUI design [11]

Energy efficiency [22],
readability of documentation
and code, efficiency of
algorithms and architecture
[31[30], maintaining
sustainability requirements in
practice, sustainable
development practices,
minimal waste during
development [47]
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Yhteenveto

o Ohjelmistojarjestelmien suorat sdhkénkulutuksen
miftaukset ' mahdollistavat ohjelmistojarjestelman
tarkemman optimoinnin ja tehtyjen paatosten
ymparistdvaikutusten havainnoinnin

o Vihrean koodin objektiiviseen arviointiin tarvitaan erilaisia
suoria ja epasuoria mittareita, mallinnusmenetelmia ja
ohjelmistojen ominaisuuksiin perustuvaa arviointia

o Erilaisia menetelmia ja tydkaluja on paljon — miten valita
omaan kayttotarkoitukseen sopivat?

o Optimaalisessa tilanteessa ymparistdvaikutusten
mittaaminen tulisi automatisoida kiinteaksi osaksi
ohjelmiston elinkaaren prosesseja
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