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Exascale Climate Emulators — Designh Overview
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Big Picture:
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@UIVIATTE EMULER DESIEN

Stage 1: Mean Trend Removal and Variance Normalization:

" (0:,6;) = me(0, 5) + o (0:,0,) 2 (04, 6;)

K 2Ttk 2tk
=00 + B1Tri/r) + B2(l — p Zp :E[t/ﬂ_s—i—];{akcos( . )+bksin< . )}
_\ Mean trend
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GUIVIATE EVMIVIATOLR RESKEN

Stage 1: Mean Trend Removal and Variance Normalization:

(Estimated Parameters)
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@UIVIATTE EMULER DESIEN

Stage 2 to 4: Modeling in Spherical Harmonic Domain — Anisotropic Covariance Matrix

(Error in SH representation)

f; € RY
t
— L is the spherical harmonic band-limit — P is the order of AR model
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@UIVIATTE EMULER DESIEN

Stage 2 to 4: Modeling in Spherical Harmonic Domain — Anisotropic Covariance Matrix

(Error in SH representation) (AR model parameters)

f; € RY
t
— L is the spherical harmonic band-limit — P is the order of AR model
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Stage 5: Cholesky Factorization:
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Stage 5 to 8: Generating Statistically Consistent Stochastic Component:
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Stage 9: Incorporating Mean Trend and Spatial Variance:
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HPC Innovations, Solutions, and Performance
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Used in this project
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. Many matrices arising in applications have blocks of relatively small norm and can be replaced with reduced precision.

. Computational: faster time to solution
v lower energy consumption and higher performance, especially by exploiting heterogeneity

Peak Performance in V100 NVLink A100 NVLink H100 SXM
TF/s

FP64 /.8 9.7 34

FP32 15.7 19.5 67

FP64 Tensor Core 16X 19.5 67

TF32 Tensor Core 156 16x 494.7 15x
FP16 Tensor Core 125 312 989.4

Mixed-precision algorithms have a long history, e.qg., iterative refinement (1963, Wilkinson), where multiple copies of the

matrix are kept in different precisions for different purposes.
. There are many such new algorithms; see Higham & Mary, Mixed precision algorithms in numerical linear algebra, Acta

Numerica (2022); up to 5 precisions!
. We consider 3 precisions, i.e., double-precision (DP/FP64), single-precision (SP/FP32) and half-precision (HP/FP16),

herein and keep just a single matrix copy.






Productivity
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739.71
PFlop/s

623.73
PFlop/s

364.40
PFlop/s

375.37
PFlop/s

243.09
PFlop/s

315.74
PFlop/s

523.33
PFlop/s

AINES OFF 4)

DIEEERENTNGRUIEAMIEIES

714.74
PFlop/s

976.51
PFlop/s
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https://cds.climate.copernicus.eu/datasets/reanalysis-erabs-single-levels?tab=overview

https://github.com/ICLDisco/parsec/wiki
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