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Trenes opp pa store datamengder, for a kunne generere nytt materiale (tekst,
bilder, video etc)
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SINTEF Mitt bidrag i dag

1. Hvorfor har Kl en bzerekraftutfordring?
2. Hva kan vi gjgre for a fa til baerekraftig bruk av KI?
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Hvorfor har Kl en baerekraftutfordring? cnr
SF 1. Trening
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Deep Learning Era
Large-Scale Era

Publication date

Ressursbehov for trening av KI-modeller over tid

Kilde: Sevilla et al. (2022), Compute Trends Across Three Eras of Machine Learning.
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Hvorfor har Kl en baerekraftutfordring? ——
suall 2. Bruk av modellene (inference)

: . task
Text classification
= Token classification
z Q [0 Extractive Qa
100 Masked Language Modeling
5 [l Image classification
Multitask Text Classification

Object detection
Multitask Extractive QA

* Generelle modeller er dyrere
enn spesifikke modeller

* Generative modeller er dyrere
enn diskriminative modeller

Model emissions (g of CO3)
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. . 2 [0 Text generation
* Bildeprosessering er dyrere enn 1 2 Summarization
tekstprosessering . ® [ Image captioning
g O Multitask summarization
’ [0 image generation
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Karbonavtrykk for ulike typer oppgaver lgst av Kl

Kilde: Luccioni et al. (2024), Power Hungry Processing: Watts Driving the Cost of Al Deployment?.
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Hvorfor har Kl en baerekraftutfordring? -

SINTEF 3. Oppska|ering

ChatGPT

1 million brukere etter 5 dager

200 millioner ukentlige brukere (sep 2024)

@ OpenAl Platform

AP| (automatisk/programmatisk bruk)
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silill Lav terskel for a ta i bruk sprakmodeller

_ N GPT-40 mini
* Bruk av LLM-er er (forelgpig) sveert billig
_ . . GPT-40 mini is our most cost-efficient small model that’s smarter and cheaper than
* Ekstremt lettvint a ta i bruk GPT-3.5 Turbo, and has vision capabilities. The model has 128K context and an Octobe
o Gode APl-er 2023 knowledge cutoff.

o Sprakmodeller er fleksible Learn about GPT-40 mini 7

Model Pricing Pricing with Batch API*

gpt-4o-mini $0150 / 1M input tokens $0.075 /1M input tokens
$0.600 /1M output tokens $0.300 / 1M output tokens

gpt-40-mini-2024-07-18 $0150 / 1M input tokens $0.075 / 1M input tokens
$0.600 /1M output tokens $0.300 / 1M output tokens
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milill Generativ Kl og ressursforbruk

* Estimater for ChatGPT: 0.003-0.010 kWh per sp@rring

* Google-spk: 0.0003 kWh
(https://googleblog.blogspot.com/2009/01/powering-google-
search.html, 2009)

* 1 generert bilde tilsvarer en mobiloppladning (0.012 kWh)
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https://googleblog.blogspot.com/2009/01/powering-google-search.html
https://googleblog.blogspot.com/2009/01/powering-google-search.html

Hvor gar utviklingen med tanke pa klima?
Eksempel: Meta

SINTEF

* 350 millioner nedlastninger av Llama-modellene i ar, 10 ganger sa mye som i fjor
* Manedlig bruk av KlI-tjenester har gkt 10x fra januar til juli 2024

* Energiforbruk pa datasentre: 34% gkning fra 2022-2023 (ca 15 000 GWh)

* Energiintensitet per aktive person gkte med 32%

* Vannuttak fra grunnvann gkte 137%
o Vannuttak fra steder med hgyt press pa grunnvann gkte 20%

* Gjenoppretting av vannressurser har gkt 150%

* Kilder:

o https://ai.meta.com/blog/llama-usage-doubled-may-through-july-2024/

o https://sustainability.atmeta.com/wp-content/uploads/2024/08/Meta-2024-Sustainability-
Report.pdf
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Hvor gér utviklingen med tanke p& klima? — —

sl Eksempler: Google og Microsoft

* Google og Microsoft satte i 2019/2020 mal om null utslipp innen 2030

* Siden den gang har utslippene gkt:
o Google: 48 %
o Microsoft: 29 %

* | hovedsak pa grunn av utvidelser knyttet til KI
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sl Prognoser

* Datasentre stod for 460 TWh i 2022 (ca 2% av det globale
forbruket), og kan na 1000 TWh innen 2026 (IEA 2024)

* Kl-sektoren kan forbruke mellom 85-134 TWh per ari 2027
(Vries 2024)
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https://www.iea.org/reports/electricity-2024/executive-summary
https://www.cell.com/joule/abstract/S2542-4351(23)00365-3

ENFIELD

sl Hvordan kan vi fa til baerekraftig bruk av KI?

Grgnn K

Lage KI-metoder som bruker mindre strgm, men er like gode!

Technology for a better society




ENF:ELD

sl Hvordan kan vi fa til baerekraftig bruk av KI?

Maling av energiforbruket til et Kl-system

Preprosessering av

Trene KI-modell Bruke KI-modell
data

Technology for a better society
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Kan vi redusere energiforbruket til Ki —
uten at det gar utover ytelsen?

SINTEF

0.0030
BN Ngyaktighet —8— Karbonavtrykk
100 A
. . - 0.0025
* Like god ngyaktighet — redusert
karbonavtrykk med 85% 80
: Qo o 0.0020 @
* Konklusjon: Viktig a vurdere bade 5 s
ngyaktighet og energiforbruk 2 0 E
e v
o Hvordan gjgre dette for g - 0.0015 3,
sprakmodeller? S s
Z 40 3
- 0.0010 ©
b4
201 - 0.0005
0- - 0.0000

Kl-system 1 Kl-system 2

Anvendelse: Oppdage feil i maskinelle produksjonsmiljg ved bruk av KiI.

Kilde: Husom et al. (2024), Engineering Carbon Emission-aware Machine Learning Pipelines.
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sl Hvordan kan vi fa til baerekraftig bruk av KI?

* Bruke mindre modeller
o Feerre parametre = feerre regneoperasjoner = lavere energiforbruk

* "Komprimere" modellene
o Kvantisering, "pruning", etc.

* Bedre informasjonsutvinning fra treningsdata

* Faktisk male og sammenligne energiforbruket til ulike KI-system
o Bevisstgjgring: Tydeliggjgre kostnadene
o Energimerking av KI-modeller?

* Unnga a bruke hgykostnadsverktgy til oppgaver med lav verdi

* Men hva med Jevons' paradoks?
o @kt effektivitet -> gkt bruk -> totalforbruket gker
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sull Regulering

* EUs Kl forordning: Klimahensyn er nevnt, men...

o Krav til rapportering om energiforbruk er sveert vage og har mange smutthull

= For Kl-systemer med hgy risiko trenger man kun oppgi "computational resources" under
utviklingen av systemet (ikke drift/"inference")

= "Open-source"-modeller er unnlatt apenhetskrav, med mindre de utgjgr en "systemrisiko"
= | tilfeller med krav om rapportering av energiforbruk, er informasjon forbeholdt myndighetene

o Ingen krav om rapportering av vannforbruk
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Google

¥ Customize

My Al

myai

@ My Al

&° Quora o

Q Can you melt an e¢

2 Answers

Yes, an egg can be melted.

& Paul Hart
Food & Beverage Ingred

views - 4y

No - if you heat an egg it's
Because an egg contains a s
native state.

what's better for a family with kids under 3 and a dog, bryce canyon or X L) L Q

9 Converse Shopping Images Videos News Maps Books Fights

° Generative Al is experimental

Both Bryce Canyon and Arches National Parks are family-friendly. Although

Finance

both parks prohibit dogs on unpaved trails, Bryce Canyon has two paved trails s~ A peins
that allow dogs. - ~1
Bryce Canyon has distinctive features like hoodoos, natural bridges, and Kids & Youth - Arches Visiting Bryce
waterfalls. At the visitor center's interactive exhibits, children can learn about :".“ Samon Sodompl ok Convon
ational Park... vs Bryce... National Park...
the geology. wildlife, and people of the area. You can bring your dog on the
paved sections of both the Rim Trail and the Shared Use Path, both of which
National } Sampling Gopetfriendl.
are also stroller-friendly. © tusin 0} Samig. &:Gopes
At Arches, children may enjoy the rock formations, and some say that Arches
has more variety than Bryce Canyon. Pets aren't allowed on any trails, though
they are allowed at campgrounds, pullouts, roads, and parking lots.
Both parks offer guided tours, ranger-led programs, picnic areas, and
restrooms, and both parks require pets to be leashed.
up 9 How long to spend at Bryce Canyon with kids? S How many days do you need in Arches National Park for kids? o]

] Ac‘hon Touv Guide

Action Tour Guide

The MOM Trotter
® y S

A Guide To Planning A Trip To Bryce Canyon National ...
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Overview {0518 Preview  iPad0S 18 Preview  macOS Sequoia Preview

Write with
intelligent new
tools. Everywhere
words matter.

Apple Intelligence powers new Writing Tools,
which help you find just the right words virtually
everywhere you write. With enhanced language
capabilities, you can summarize an entire lecture
in seconds, get the short version of a long group
thread, and minimize unnecessary distractions
with prioritized notifications.
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il Kostnad vs nytte
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sl Kostnad vs nytte: Kreativitet

Gemini
Supercharge your creativity
and productivity

Chat to start writing, planning, learning and
more with Google Al

Q Help me pack for a weekend

camping trip. We're bringing our
labradoodle, fishing for salmon,
and planning to stargaze.|

Technology for a better society
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"Participants who used Al produced fewer ideas,
with less variety and lower originality compared to
a baseline."

Kostnad vs nytte: Kreativitet

The Effects of Generative Al on Design Fixation and Divergent
Thinking

Samangi Wadinambiarachchi Ryan M. Kelly Saumya Pareek
The University of Melbourne BMIT University The University of Melbourne
Melbourne, Australia Melbourne, Australia Melbourne, Australia
samangi wi@unimelb.edu.an ryankelly@rmit.edu pareek@student unimelb.edu au
Qiushi Zhou Eduardo Velloso

The University of Melbourne
Melbourne, Australia
qiushizh imelb.edn aun

The University of Melbourne
Melbourne, Australia
eduardo.vellos imelb.eduan

ABSTRACT
Generative Al systems have been heralded as tools for augmenl
human creativity and inspiring divergent thinking, though with
little empirical evidence for these claims. This paper explores the
effects of exposure ta Al-generated images on measures of de
fixation and divergent thinking susal ideation task Thraugh
articipants experiment (N=60), we found that suppe:
e generator dusing ideation leads to higher

i between-

from an Al im:
abitn on am initinl exnple. Pacicipants whe used Al prodwoed
fewer ideas. with less variety and lower originality compared

Intil the intern

racteristic af th

a sel of ideas or concepts limitis
[30. p. 1]. This is a comman expe-
neering. and happens

the output of conceptual design’
rience in any creative task, from art to e
pasure bo one idea anchors and biases subsequent ideas,
restricting exploration of the design space. Fixation happens both

Iy and ly. regardless of the level of experi-

when

baseline. Our qualitati is suggests that the =3
of corideation with Al rests on part ts' chosen approach to
promypt cre:
te ided

tunities for designing generative Al systems for e
and incorporating these Al twals into ideation workflows.
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The severe negative impact that design fixation has on the creative
it a key concern in design studies.
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process make
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comp
ideation space [41]. However, the exposure to pre
during this process can potentially be a source of design fixation.
Previous studies have shown that exposure to mples of simi-
lar design solutions has mixed effects on creativity [75]. It tends
ds the example, marrowing the explored
solution space [30, 38]. Further, variations in the modality [64, 68]
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sl Hvor er det nytteverdi a hente?

A.l. TURNS THIS SINGLE A.l. MAKES A SINGLE

BULLET POINT INTO A BOLLET POINT OUT OF
LONG EMAIL | CAN THIS LONG EMAIL | CAN
PRETEND I WROTE. PRETEND | READ.

® marketoonist.com
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Hvordan skal vi forholde oss til Kl sitt
sl klimaavtrykk?

» Store teknologiselskaper sitter med mye makt
o Vi eier ikke plattformene vi bruker
o Vi har ikke fullt eierskap til maskinvaren vi bruker
o Store investeringer -> indusert etterspgrsel

* Bevisst bruk

o Hva er kostnadene?

= Strgm, vann, materialer

= Personvern og kontroll over data, juridiske og moralske problemstillinger
o Hva er det Kl-verkt@yene erstatter?

Technology for a better society




erik.johannes.husom@sintef.no
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Skann QR-kode for lenke
til presentasjonen
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sl Hvordan ser fremtiden ut?

{ - Yann LeCun
&b

FAIR's mission is to develop the science and technology for human-level
Al assistants: machines that understand the world, can perceive,
remember, reason, plan, and act.

In the not-to-distant future, all of our interactions with the digital world

will be mediated by Al assistants through our smart glasses and other
devices.

We need these systems to have human-level intelligence if they are to
understand the world, people, and tools, so as to help us in our daily
lives.
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There's too much effort trying to create
autonomous machines rather than trying to
create machines that are useful tools for humans.

— Prof. Emily M. Bender

Technology for a better society
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