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Datacenters are Crucial to Today’s Society

Inside a Google Datacenter

Datacenters are widely used, worldwide,
amongst academia, government, and industry.
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SUSTAINABILITY PERFORMANCE
3-5% of global electricity (2025) Impacts >60% of NL GDP | | Modern day Moore’s law?
Estimated 12% (2035) Impacts 3.3 million jobs (LLMs scale 2x/6 mo)

@ La rge Resea I'c h Sources: losup et al., Massivizing Computer Systems, ICDCS 2018 [Online] / Dutch Data Center Association,
Massivizing Computer Systems 2020 [Online] / Growth: NL Gov't, Flexera, Binx 2020. Gartner 2019. IA 2017 / Nicolae et al., Kavier (2025)
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Improving datacenters using simulation

Simulators enable timely and
cost-efficient, large-scale

OLEnERNE and ERENAIS

Challenge: simulators use singular models

Challenge: singular models -> errors (edge
cases) -> unreliable infrastructure

Source: Mastenbroek et

Toward: multi & meta-model simulation al. CCGrid'21 [ONLINE]
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M3SA @ CF’26

The M3SA Vision
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How about overheads?
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M3SA: MULTI- & META-MODEL DC
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Interested? Reach out during break!
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Multi-Model predictor
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Figure 5: Window size 5 applied on n entries, using aggrega-
tion function F.
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Multi-Model predictor
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Figure 6: Comparison of visual quality when windowing
representative input data. Window sizes differ per sub-plot
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Meta-Model predictor
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Figure 7: The Meta-Model predictor, aggregating predictions
of m models vertically, for each time-step C; to C,,. Steps C,+,
and C,,,, are discarded.
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E2: Failure impact on CO2 emissions (setup) [
Business-critical workload (solvinity-13) vs. scientific-specific

(Marconi-22)

CO2 trace: ENTSO-E M3SA: 8-model Multi & Meta-Model
Failure trace: LDNS-04
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E3: CO2-aware migration (setup) o
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5 CO2-aware
migration traces? | EU-15m | | EU-th | | EU-4h | | EU-8h | | EU-24h |

Figure 13: Overview of experiment 3, assessing CO2 footprint
of a workload run in 29 countries, and run using 5 CO2-aware
migrations intervals.
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E3: CO2-aware migration (migration algorithm) [&¥

def migrate_at_granularity(metamodels, granularity){
current = lowest_co2_at_timestamp(metamodels, @)
model_length = len(metamodels[@].timestamps)
migrations = @

for (i = 0; 1 < model_length; i++){
if (i % granularity == 0) {
best = lowest_co2_at_timestamp(metamodels, i)

if (current.location == best.location) {
current = best
migrations++

}
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E3: CO2-aware migration (results) o
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Figure 14: Total CO2 emitted when running the Marconi-22
workload on S3, assessed for 29 European countries, as of
June 2023. The orange box and extended whiskers represent
the typical box-and-whiskers plot, overimposed on a violin
plot; we predict with one Meta-Model per country.
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E3: CO2-aware migration (results) c4
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Figure 15: Configurations with ten-lowest cumulated CO2

-emissions. Migration within EU is considered with different
temporal granularities, from 15 minutes to 24 hours.
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E3: CO2-aware migration (results)
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E3: CO2-aware migration (results)

C4

Figure 24: CO2 emissions Jun 2023.
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