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Image source: NASA/Apollo 17 crew; taken by either Harrison Schmitt or Ron Evans - https://web.archive.org/web/20160112123725/http://grin.hg.nasa.gov/ABSTRACTS/GPN-2000-001138.html (image link);


https://en.wikipedia.org/wiki/Harrison_Schmitt
https://en.wikipedia.org/wiki/Ronald_Evans_(astronaut)
https://web.archive.org/web/20160112123725/http://grin.hq.nasa.gov/ABSTRACTS/GPN-2000-001138.html
https://web.archive.org/web/20150707070617/http://grin.hq.nasa.gov/IMAGES/LARGE/GPN-2000-001138.jpg
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Image source: httbs://wta‘mu.edu/~cbaird/sq/201 3/08/28/when-do-the-planets-in-our-solar-system-all-line-up/



- - Image source: https://www.starobserver.org/tag/andromedagalasie/page/2/; Credits: Robert*Genidier



https://en.wikipedia.org/wiki/Harrison_Schmitt
https://en.wikipedia.org/wiki/Ronald_Evans_(astronaut)
https://web.archive.org/web/20160112123725/http://grin.hq.nasa.gov/ABSTRACTS/GPN-2000-001138.html
https://web.archive.org/web/20150707070617/http://grin.hq.nasa.gov/IMAGES/LARGE/GPN-2000-001138.jpg
https://www.starobserver.org/tag/andromedagalaxie/page/2/
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Image source



e cosmic density fielo

IS described by fundamental properties
of the Universe (called ,cosmological
arameters’) such as

- the amount of matter

- the amount of radiation

- amplitude of initial density fluctuations
- others

Cosmological parameters are the features



Statistics of the cosmic density field
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What is the mapping [cosmo params — statistical measure]?



Iwo options:

Standard approach: Simulation (physics-driven)
Are very accurate but computationally demanding (HPC)

Alternative approach: Emulation (data-driven)
Still accurate but less demanding (HPC)



Iwo options:

Standard approach: Simulation (physics-driven)
Are very accurate but computationally demanding (HPC)

Alternative approach: Emulation (data-driven)
Still accurate but less demanding (HPC)

We use polynomial chaos expansion



Polynomial chaos expansion (PCE)

Supervised regression technigue based on orthonormal polynomials:

- PCE performs well even when trained on small data sets (!!!)

- PCE Is Interpretable (coefficients have a statistical interpretation)

www.uglab.com
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One PCE emulator per principal component (PC)!




CuclidEmulator specitications

FuclidEmulator EuchdEmulator?
(oublished) (in prep.)
- oD feature space - 8D feature space
- 11 PCs — 11 emulators - 14 PCs — 14 emulators
(each with a 1D target) (each with a 1D target)

- 100 training examples - 127 training examples



Performance (EuclidEmulatori)

Validation Speed
36 validation examples (105 CPU hours per evaluation
max validation error < 1% compared to

(10%) CPU hours per simulation
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Exploiting the non-black-box nature

Sobol’ analysis

Just by re-ordering expansion terms

we get a sensitivity analysis

(for free - no sampling required!)

— Very valuable e.g. for feature selection!




FINd mMme online...

https://github.com/miknab/EuchdEmulator

https://arxiv.org/abs/1809.04695

https://www.linkedin.com/in/mischa-knalbenhans/
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