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IS highly structured

: the Universe

ture

I The big pic

M. Blanton and the Sloan Digital Sky Survey (SDSS)

Planck collaboration (2013-2015)




What we want to know from the large -scale structure

The large-scale structure is a vast source of knowledge:

A Cosmology:

s CDM: cosmological parameters and tests against alternatives,
Physical nature of the dark components,

Neutrinos: number and masses,

Geometry of the Universe,

Tests of General Relativity,

Initial conditions and link to high energy physics

A Astrophysics: galaxy formation and evolution as a function of their environment
Galaxy properties (colours, chemical composition, shapes),
Intrinsic alignments, intrinsic size-magnitude correlations


https://arxiv.org/abs/1403.1260

Interesting cosmological signals are faint

Pharffom [Freezing

A Dynamic dark energy is usually dark gliintessence

parametrised as: ‘W(T) = w, + w,x (1h a(f)
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I Large-scale structure surveys roadmap

Stage |l

Stage |

O(PB) of data are
expected from each of
the “Stage IV” surveys

2014 ‘ ZOJG ‘ ZOJB ‘ZOJO 2022
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I The growth of data, , , and

A We live in an age where everything grows quickly. But what is growing the
fastest?

Models?

Methods? Computers?

S Ir PO



The growth of data

A The number of observed galaxies has grown exponentially since 1910.
10% S L B L L L D

109] B Hubble Ultra Deep Field

4 Photometric redshifts +
®  Spectroscopic redshifts .
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Galaxy surveys: figure inspired by J. Peacock, data collected by J. Jasche
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The growth of

CPU Performance

A Traditional are A Modern architectures are hybrid: cores +
reaching their physical limit: per-core : GPUs, reconfigurable
compute performance is slowing down. or dedicated chips (FPGAs/ASICs).
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http://spec.org/
https://www.techpowerup.com/gpu-specs/

The growth of

A We have just entered the era of .
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https://www.top500.org/
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Parallelisation of A~body codes: the challenge

Compute cycles are no longer the scarce
resource. The cost is driven by

iInterconnections.

Amdahl's law: latency kills the gains of

parallelisation.
Amdahl 1967, doi:10.1145/1465482.1465560
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A Numerical data models cannot merely rely on

computers becoming faster to reduce the
computational time.

A Most of the work on numerical cosmology so

far has focused on algorithms (such as tree,
multipole, and mesh methods) that reduce the

need for communications across the full volume
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—— Moore’s law (+59% per year)
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All references at Github:florent-leclercg/Moore_law_cosmosims
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https://github.com/florent-leclercq/Moore_law_cosmosims




The growth of

A Numerical
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simulations are the new way to express
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Method employed :

® Direct summation (+18% per year)
A Advanced algorithms (+59% per year)
- & Large-scale simulations (> 1990)

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Year
Cosmological simulations: Github:florent-leclercg/Moore_law_cosmosims
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https://github.com/florent-leclercq/Moore_law_cosmosims

Comparative growth of data and

A We are already using more particles in than there are galaxies in
the observable Universe!

1015 rTrrrrrrrrrrrrrrr¢rrrrrrrrrrrrrrrrrrrrrrprrrrrprrrerr e r e e

0 Hubble Ultra Deep Field 5 5 5 5 s ;
Photometric redshifts . A— S— ool SN .....i
Spectroscopic redshifts : : : : :

Direct summation (+18% per year) W

Advanced algorithms (+59% per year)

10°F

—_
)
—
—_
™

o) o % +

Large_scale SiHlU.l&tiOIlS (Z 1990) .............. ........... ;

—_
o)
(2]

..............

Number of galaxies/particles N
S

103

101 ............ .............

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year
Galaxy surveys: figure inspired by J. Peacock, data collected by J. Jasche
Cosmological simulations: Github:florent-leclercg/Moore_law_cosmosims



https://github.com/florent-leclercq/Moore_law_cosmosims

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

A Can we decouple sub-volumes by using the large-scale analytical solution?
82
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Publicly availa

ble implementation:
BinuckeT:florem—ﬁ

‘18


https://arxiv.org/abs/2003.04925
https://bitbucket.org/florent-leclercq/simbelmyne/src

