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Source: Google (online)

Inside a Google Datacenter

Datacenters are Crucial to Today’s Society

Datacenters are widely used, worldwide, 
amongst
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, government, and industry. academia

SUSTAINABILITY ECONOMICAL

3-5% of global electricity (2025)
Estimated 12% (2035)

Impacts >60% of NL GDP
Impacts 3.3 million jobs

PERFORMANCE

Modern day Moore’s law? 
(LLMs scale 2x/6 mo)

Sources: Iosup et al., Massivizing Computer Systems, ICDCS 2018 [Online] / Dutch Data Center Association, 
2020 [Online] / Growth: NL Gov’t, Flexera, Binx 2020. Gartner 2019. IA 2017 / Nicolae et al., Kavier (2025)

M3SA @ CF’26

https://www.google.com/about/datacenters/gallery/
https://arxiv.org/abs/1802.05465
https://www.dutchdatacenters.nl/en/data-centers/what-is-the-economic-impact-of-data-centers/


Improving datacenters using simulation

Simulators enable timely and 
cost-efficient, large-scale 
experiments and analysis
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Challenge: simulators use singular models

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

Toward: multi & meta-model simulation
Source: Mastenbroek et 
al. CCGrid’21 [ONLINE]

&
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https://atlarge-research.com/pdfs/ccgrid21-opendc-paper.pdf
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Multi-Model in Virology - Covid19ForecastHub

Source: Covid19ForecastHub [ONLINE]
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Includes 2x models

Multi-Model

M3SA @ CF’26

Source: COVID-19 Forecast Hub

https://viz.covid19forecasthub.org/


Slides available
bit.ly/2RZ7msl

Multi-Model in Virology - Covid19ForecastHub

Source: Covid19ForecastHub [ONLINE]
5Source: COVID-19 Forecast Hub

Includes multiple models

Multi-Model

M3SA @ CF’26

https://bit.ly/2RZ7msl
https://viz.covid19forecasthub.org/


Slides available
bit.ly/2RZ7msl

The M3SA Vision
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We saw this
Predicts using other 
models’ predictions

Key innovation

M3SA @ CF’26
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H

M3SA prototype

C1

C2

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

M3SA > simulation
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Reproducing peer-reviewed 
experiments with M3SA

Setup: SURF-22, 
FootPrinter & M3SA

FootPrinter Model: 7.86%

M3SA Meta-Model: 3.81%

MAPE error ratio (lower=better)

Individual Model: 7.59%

M3SA @ CF’26

C3

Sources: Niewenhuis et al., FootPrinter, 
ICPE 2024

https://bit.ly/2RZ7msl


Slides available
bit.ly/2RZ7msl

How about overheads?
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C3

SIM: <12min

SIM: <0.1min

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


9

M3SA: MULTI- & META-MODEL DC 
SIMULATION Talk: bit.ly/m3sa-talk 

C1 Design of M3SA

M3SA-OpenDC prototypeC2

M3SA experimentation

Future work in the SPEC Research Group Cloud
1. Meta-Models for LLM Ecosystems (wip w/ IBM)

C3
PAPERTECH

REP.

2. + Real-world scenarios with M3SA (see tech rep)
3. From simulation to digital twinning datacenters
4. Starting: SPEC RG activity on digital twins. 
Interested? Reach out during break! 

http://bit.ly/m3sa-talk
https://www.nationaalgroeifonds.nl/overzicht-lopende-projecten/thema-veiligheid-en-digitalisering/6g-future-network-services
https://graph-massivizer.eu/
https://www.cloudstars.eu/


Slides available
bit.ly/2RZ7msl

EXTRA SLIDES
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M3SA @ CF’26

https://bit.ly/2RZ7msl


Slides available
bit.ly/2RZ7msl

Multi-Model predictor 

11
Radu Nicolae, Dante Niewenhuis, Sacheendra Talluri, Alexandru Iosup (2026) M3SA: Exploring Datacenter 
Performance and Climate-Impact with Multi- and Meta-Model Simulation and Analysis. Computing Frontiers 2026

M3SA @ CF’26

C1

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

Multi-Model predictor 
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M3SA @ CF’26

C1

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

Meta-Model predictor 
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M3SA @ CF’26

C1

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

E2: Failure impact on CO2 emissions (setup)

14
Radu Nicolae, Dante Niewenhuis, Sacheendra Talluri, Alexandru Iosup (2026) M3SA: Exploring Datacenter 
Performance and Climate-Impact with Multi- and Meta-Model Simulation and Analysis. Computing Frontiers 2026

M3SA @ CF’26

Business-critical workload (solvinity-13) vs. scientific-specific 
(Marconi-22)
CO2 trace: ENTSO-E
Failure trace: LDNS-04

M3SA: 8-model Multi & Meta-Model

C4

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

E2: Failure impact on CO2 emissions (results)
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M3SA @ CF’26

C4

+0.2% 
CO2

+21.8% 
CO2

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


E3: CO2-aware migration (setup)
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M3SA @ CF’26

C4

Workload:
scientific-specific
(Marconi-22)

CO2 trace: ENTSO-E
(across 28 EU regions)

M3SA: 8-model
Meta-Model

https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


E3: CO2-aware migration (migration algorithm)
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M3SA @ CF’26

C4

https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778


Slides available
bit.ly/2RZ7msl

E3: CO2-aware migration (results)
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M3SA @ CF’26

C4

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778
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E3: CO2-aware migration (results)
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M3SA @ CF’26

C4

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778
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E3: CO2-aware migration (results)
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https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778
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E3: CO2-aware migration (results)
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M3SA @ CF’26

C4

https://bit.ly/2RZ7msl
https://arxiv.org/abs/2603.29778
https://arxiv.org/abs/2603.29778

