
MIAPbP workshop “Big Data, Big Questions: The Future of 
Cosmological Surveys”

Accelerated forward 
modelling of dark matter 
dynamics: ML-safety and 
perfect parallelism

Florent Leclercq

14 MAY 2025

http://florent-leclercq.eu/
http://www.aquila-consortium.org/


•

▪

▪

▪ [ 𝒪(10%)]

•

▪

▪

▪

Let’s define some concepts

https://arxiv.org/abs/1802.03537
https://arxiv.org/abs/2107.07405
https://arxiv.org/abs/2410.07548
https://arxiv.org/abs/1811.06533
https://arxiv.org/pdf/1802.04271
https://arxiv.org/abs/2206.04594
https://arxiv.org/abs/2304.06099
https://arxiv.org/abs/2312.09271
https://arxiv.org/abs/2408.07699
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The tCOLA framework: (temporal) COmoving Lagrangian Acceleration
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https://arxiv.org/abs/1301.0322
https://arxiv.org/abs/1203.5785
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The tCOCA framework: (temporal) COmoving Computer Acceleration
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https://arxiv.org/abs/2409.02154
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Time stepping and force calculations in COCA

https://arxiv.org/abs/2409.02154
https://simbelmyne.florent-leclercq.eu/
https://bitbucket.org/florent-leclercq/simbelmyne/


Results: COCA density field

𝑘 = 1 ℎ/Mpc

https://arxiv.org/abs/2409.02154
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Force calculation and the small-scale accuracy of COLA/COCA

(PRELIMINARY) (PRELIMINARY)

https://arxiv.org/abs/2309.10865
https://arxiv.org/abs/2112.01508
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Comparative growth of methods and models

https://github.com/florent-leclercq/Moore_law_cosmosims
https://epochai.org/
https://dl.acm.org/doi/10.1145/1465482.1465560


Perfectly parallel cosmological simulations
using spatial comoving Lagrangian acceleration (sCOLA)

non-local local
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https://arxiv.org/abs/2003.04925
https://bitbucket.org/florent-leclercq/simbelmyne/src
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Lightcones and mock catalogues with sCOLA
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One sCOLA lightcone simulation

𝑧 = 0
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Conclusions – ML-safety and perfect parallelism
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