Always look on the

green side of software

@CoralCalero v ¥

@GreenTAlarcos K, S owf‘f““
@GrupoAIar.cos DO(2-02-3
@GreenTICTips CONFERENCE




A.S. Andrae and T. Edler, "On global electricity usage of communication technology: trends to 2030”



Green

Computing
(or Green IT)

Wikipedia

Efficient use of resources,
minimizing the environmental
impact, maximizing the economic
feasibility and assuring social
duties.

Includes to work on: high
consuming technologies,
environmental waste, product
development, computer recycling,
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“Our
civilisation is
as reliant on

software as it
is on water”

BJARNE STROUSTRUP | the creator of C++
El PAIS Tecnologia. February 5th, 2019



8.000 million people

Most of them with
devices using
software




Internet and mobile devices

TOTAL
INTERNET
USERS

3.16

BILLION

AVERAGE DAILY TIME
SPENT USING THE INTERNET
BY EACH INTERNET USER

6H 37M

YOY: -4.8% (-20M)

SOURCES: KEPIOS AMALYSIS; | 35 MU TMTELL

COMPARABILTY: SOURCE AMD BASE CHAMGES. AlL FIGURE

INTERMNET USERS AS
A PERCENTAGE OF
TOTAL POPULATION

64.4%

YOY: +1.1% (+70 BPS)

PERCENTAGE OF USERS
ACCESSIMNG THE INTERMET
VIA MOBILE DEVICES

92.3%

YOY: +0.2% (+20 BPS)

OVERVIEW OF INTERNET USE

ESSENTIAL INDICATORS OF INTERMET ADOPTION AMND USE

YEAR-ON-YEAR CHANGE
IN THE TOTAL NUMBER
OF INTERNET USERS

+1.9%

+98 MILLION

PERCENTAGE OF USERS
ACCESSING THE INTERMNET
VIA COMPUTERS AND TABLETS

65.6%

YOY: -7.9% (-560 BPS)

GWI1L.COM FOR MORE DETAILS. NOTES: GEMDER DATA ARE

PERCENTAGE OF THE
TOTAL FEMALE POPULATION
THAT USES THE INTERNET

61.6%

YOY: +1.4% (+87 BPS)

PERCENTAGE OF THE
TOTAL URBAN POPULATION
THAT USES THE INTERNET

78.3%

GLOBAL OVERVIEW

PERCENTAGE OF THE
TOTAL MALE POPULATION
THAT USES THE INTERNET

67.2%

YOY: +0.8% (+53 BPS)

PERCEMNTAGE OF THE
TOTAL RURAL POPULATION
THAT USES THE INTERNET

45.8%

we
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DEMYSTIFIYING DATA UNITS
From the more familiar 'bit' or ‘megabyte’, larger units of measurement are more frequently
being used to explain the masses of data

Unit Value Size

bit Oor1 1/8 of a byte

The exponential growth of data is undisputed, but the numbers behind this explosion - fuelled by internet of things and
byte 8 bits 1byte

the use of connected devcies - are hard to comprehend, particularly when looked at in the context of one day of datawilllbe creatad svery day|by 2025
kilobyte 1,000 bytes 1,000 bytes

megabyte 1,000? bytes 1,000,000 bytes

gigabyte 1,000° bytes 1,000,000,000 bytes

terabyte 1,000 bytes 1,000,000,000,000 bytes

petabyte 1,000° bytes 1,000,000,000,000,000 bytes

exabyte 1,000 bytes 1,000,000,000,000,000,000 bytes
= " zettabyte 1,0007 bytes 1,000,000,000,000,000,000,000 bytes
S — of data created by yottabyte 1,000° bytes 1,000,000,000,000,000,000,000,000 bytes

Facebook, including

“Alowercase "b" is used as an abbroviation for bits, while an uppercase "B" reprasents bytes. .
pes: P ik photos and videos are

shared on Instagram

350m photos

tweets are sent
every day A hours of video Instagram Business
100m watch time ’ i

Twitter

Facebook Research

320bn

messages sent over WhatsApp and

zgncarzlsdtac; E: ;(e);ﬁ s Y o two billion minutes of voice and A \ \ X
] ¥

video calls made

Facebook

306bn

emails to be sent
billion emails are sent each day by 2020

Radicati Group

Searches made a day
to be generated from wearable
devices by 2020

of data produced by a connected car

Statiste
el Searches made s

a day from Google 3.5bn

people use emails

ACCUMULATED DIGITAL UNIVERSE OF DATA

Smart insights

4.47B
447B



https://www.raconteur.net/infographics/a-day-in-data/

Al is having a Companies are
strong spending nearly
transformative S20 billion
impact on dollars on Al
multiple sectors products and
of activity services

Tech giants like
Google, Apple,
Microsoft and
Amazon spend

billions to create

Al products and

services

Al is one of the
technologies
with the greatest
projection and
impact in all
areas of activity

The rising trend of Artificial Intelligence

ENIA A4-RGB largo copia (mineco.gob.es) Future of Al: 7 Ways Artificial Intelligence Changes The World | Built In



https://builtin.com/artificial-intelligence/artificial-intelligence-future
https://portal.mineco.gob.es/RecursosNoticia/mineco/prensa/noticias/2020/201202_np_eniav.pdf
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https://www.iea.org/commentaries/the-carbon-footprint-of-streaming-

video-fact-checking-the-headlines



https://www.iea.org/commentaries/the-carbon-footprint-of-streaming-video-fact-checking-the-headlines

https://www.iea.org/commentaries/the-carbon-footprint-of-streaming-
https://localiq.com/blog/what-happens-in-an-internet-minute/ video-fact-checking-the-headlines



https://www.iea.org/commentaries/the-carbon-footprint-of-streaming-video-fact-checking-the-headlines

Electricity usage (TWh) of Data Centers 2010-2030

==§==Data Centers Best
== Data Centers Expected

Data Centers Worst

=t -

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year

A.S. Andrae and T. Edler, "On global electricity usage of communication technology: trends to 2030”



Strubell et al. (2019) Energy and Policy Considerations for Deep Learning in NLP. https://doi.org/10.48550/arXiv.1906.02243


https://doi.org/10.48550/arXiv.1906.02243
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Sustainable Software is
software, whose direct and
indirect negative impacts on
economy, society, human
beings, and environment that
result from development,
deployment, and usage of the
software are minimal and/or
which have a positive effect
on sustainable development.

Software
Sustainability

Dick, M. and S. Naumann Enhancing Software Engineering Processes towards Susainable Software Product Design. 24th International Conference Envirolnfo.
K.Greve and A.B. Cremers, Eds. Shaker, Aachen, 2010. pp. 706-715.



The profits of software Application versions
development companies should maintain
must be secured without appropriate levels of
this leading to unfair energy use.

salaries.

Software Sustainability

Economic
Software
sustainability

Green IN
Software

Green BY

Software

Human
Software
Sustainability

Robot software that
clears weeds from
plantations using
Companies provide only 5% of the usual
adequate training and herbicide, applying
promotion programmes for products only where
their employees. needed.
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If we want to
measure the
consumption,
we need an
artifact todo it




Software-based approach

Software granularity

Hardware level of details
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Intel Power Gadget 1-1k Hz [3]
RAPL 1k Hz
Powerstat Custom [5]
PowerTop 1Hz
Perf Custom [5] (Default 1k Hz)
Likwid 1Hz
Nvidia-smi 1-6 Hz [6]
Intel VTune Profiler 1Hz-100kHz [2]
JouleMeter 1 Hz
SoftWatt Every clock cycle




Software granularity Hardware level of details
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Energy Efficiency Tester (EET) 100 Hz
LEAP node 10 Hz
Kill A Watt -
Efergy Elite [1]
Wemo Insight Smart Plug 1 Hz
Sense Home Energy Monitor (Two clamp-on current sensors) [4]
Watts Up? Pro 1 Hz

Hardware-based approach




We also need to
know how to
measure the
consumption.




Methodologies
and standards

Software Measurement

Software Energy
Measurement

GQ()M . SO

GaMm GDSM 15939

Green Jagroep
Mining etal.

Guidelines for the software
measurement process

Specific guidelines for analyzing
the data

Specific guidelines for reporting
results

Guidelines for the process of
analyzing software energy
efficiency

Specific guidelines for carrying
out energy measurements of
software

R R R R RO TR,
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FEETINGS
(Framework
for Energy
Efficiency

Testing to
Improve
eNviromental
Goals of the
Software)

% FEETINGS

Methodological component Technological component

Green Software >
Measurement Process

(GSMP) _»
Green Software ELLIOT
Measurement Ontology
(GSMO)

Conceptual component

J. Mancebo, C. Calero, F. Garcia, M.A. Moraga, |. Garcia (2021). FEETINGS: Framework for Energy
Efficiency Testing to Improve Environmental Goal of the Software, Sustainable Computing:
Informatics and Systems, Vol. 30, 100558, https://doi.org/10.1016/j.suscom.2021.100558.
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5 FEETINGS

Methodological component Technological component

Green Software >
Measurement Process

(GSMP) —>

-

Green Software ELLIOT

Measurement Ontology
(GSMO)

Conceptual component




Green Software Measurement Process (GSMP)

Phase lIl.

Phasel. Phase V. Phase VII.
Measurement )
Scope : Test Case Reporting the
.. Environment :
Definition : Data Analysis results
Preparation
\ 7 \ Fa \ 7
. Phase II. : Phase IV. Phase V.
ealsuremen Perform the Software Entity

Environment

_ Measurements  Data Analysis
Setting

J. Mancebo, F. Garcia, C. Calero (2021) A process for analysing the energy efficiency of software, Information and Software Technology, Vol.134,106560,
https://doi.org/10.1016/j.infsof.2021.106560.



% FEETINGS

Methodological component Technological component

Green Software >
Measurement Process

(GSMP) =

-

Green Software ELLIOT

Measurement Ontology
(GSMO)

Conceptual component
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Elliot V.
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Dissemination
research

Two main
types of

activities FOrmaI
research



Dissemination
research




Browsers+Search Engines
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Results from 2021

) Opera

@ Dtﬂ:Duck

@ DUC;ID-UCk
ﬁ chrome
+

) O;:_>|<_s-ro
gc@sm

Q F|refox

DuckDuck

4

@ DuckDuck

® orave
+ W@ sy

® orave
@ DUC;ID-UCK

) O;:_)I_ero



Formal
Research




Artificial Intelligence

In collaboration :
i ) spring
Universidad de

A Corufia (Spain)

Energy efficiency of Al
algorithms

Training and usage
consumption of Al algorithms

Use of compressed data or
compact data structures

Calero, C., Polo, M. and Moraga, M.A. (2021)
Investigating the impact on execution time and energy
consumption of developing with Spring, Sustainable
Computing: Infermatics and Systems, Vol 32, 100603,
December 2021, ISSN 2210-5379,
hittps://doi.org/10.1016/].suscom.2021.100603.

Data compression
algorithms

Mancebo, 1, Calers, C., Gareia, F., Brisaboa, N.R., Farifia,
A, and Pedreira, O [2018) Saving Energy in Text Search
Using Compression. GREEN 201 : The Fourth
International Conference on Green Communications,
Computing and Technologies. IARIA, 2019, [SBN: 578-1-
61208-751-1

Maintenance and energy
consumption

In collaboration
with

Universidade do
Porto (Portugal)

Maintainability
VS.
Energy Efficiency

\J
%
a

Programming languages

consumption

HORUE /| :

- P S § . Software
Personal @ n ié SuGErE
Health Records _ y
vs. Energy . : Software industries CSR
EﬁCICIeﬂCV Green quantum ¢ Companison|of quAri and software sustainability
Sn Ic\;;\abpratic’m con la Universidad com puters consumption -

. dﬂuanltum vs. classical c o v Dashboard for software
SYEDRMENL - Sustainability monitoring




Data compression
algorithms

In collaboration
with
Universidad de
A Coruna (Spain)

Mancebo, J., Calero, C., Garcia, F., Brisaboa, N.R., Farina,
A. and Pedreira, O (2019) Saving Energy in Text Search
Using Compression. GREEN 2019 : The Fourth
International Conference on Green Communications,
Computing and Technologies. IARIA, 2019. ISBN: 978-1-
61208-751-1



Scenarios
e Search of 5 characters

* Uncompressed data pattern
 Data compressed with ETDC * Search of 10 characters
(End-Tagged Dense Code) pattern

e Search of more than 10
characters pattern




Processor Energy Consumption Total Energy Consumption (DUT)

Pattern 5 | Pattern 10 Pattern >10 Pattern 5 | Pattern 10 Pattern >10

Uncompressed Text @ Text compressed with ETDC Uncompressed Text @) Text compressed with ETDC




Energy Efficiency
+50%

1




A rt I fl C I a | | nte ‘ | I ge n C e M. Gutiérrez, M. A. Moraga, F. Garcia and C. Calero,
Green-IN Machine Learning at a Glance, Computer, vol.

56, no. 6, pp. 35-43, June 2023, doi:

10.1109/MC.2023.3254646.




Scenarios

Three solvers:
_ SAG (Stochastic Average Gradient

_MLmodel basedon o descent)
logistic regression (LRM) _ Newton-cg (Conjugate Gradient
ascent)

_ LBFGS (limited-memory BFGS)

dataset for the detection of fraudulent credit

card transactions




Solver Time Precision Accuracy Consumption

LBFGS 6,190.41 99.91% 0.85 1,942.52

Newton-CG  212,607.45 99.93% 0.94 58,493.58

SAG 27,133.04 99.87% 0.87 3,790.75




Solver Precision Accuracy Consumption

LBFGS 6,190.41 99.91% 1,942.52
Newton-CG | 212,607.45 99.93% 58,493.58
SAG 27,133.04 99.87% 3,790.75
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Solver

Precision

Accuracy

1’942.52
P Q

LBFGS 6,190.41 99.91%
Newton-CG  212,607.45 99.93% 0.94
SAG 27,133.04 99.87% 0.87

Consumption

58,493.58

3,790.75
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@CoralCalero
@GreenTAlarcos
@GrupoAlarcos

Software is becoming @GreenTICTips
increasingly important

But it iIs @ major energy
consumer

It is our responsibility to make
it more efficient

We are on the way (research,
industry, governments)
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