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Top10 Fastest Supercomputers for HPL-MxP (Nov’25)
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FP/TF/INT Performance of 5 Generations of NVIDIA GPUs
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Feeling like a kid in a candy store
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Four Challenging Scientific Applications
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Adaptive optics: outsmarting the atmospheric turbulence

The sun observed with a compact camera

» Disturbs the trajectory of light rays
» Reduces astronomical images quality



Adaptive Optics: tomographic reconstructor, real-time

controller
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N. Doucet, HL, D. Gratadour and D. Keyes, Mixed-Precision Tomographic Reconstructor Computations on Hardware Accelerators, IEEE/ACM SC19 IA3 Workshop.
HL, D. Sukkari, O. Guyon, and D. Keyes, Extreme Computing for Extreme Adaptive Optics: The Key to Finding Life Outside our Solar System, ACM PASC18.

HL, J. Cranney, D. Gratadour, Y. Hong, L. Gatineau, and D. Keyes, Meeting the real-time challenges of ground-based telescopes using low-rank matrix computations,
IFEF/ACM SC21



Adaptive Optics: deformable mirrors

A unique tg
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Adaptive Optics: deformable mirrors

ToR computation
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Asynchronous Many Tasks Execution
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The First MxP Cholesky Factorization

= p — —" TABLE I

Algorithm 1 Mixed-Precision Cholesky factorization. 32/16-BIT MIXED PRECISION CUBLASGEMMEX SUPPORTED FUNCTION.
1: for k=0..NT-1 do

2:  A[K][K] « spotr f(A[K][K])

3: for m=k+1..NT-1 do GEMM variants | A/B type | C type | Compute type | Alpha / Beta
4: Almllk] < strsm(AlklEk]. Almllk]) HP3 16-bit 16-bit 16-bit 16-bit

2:I dHf [m][k] < SP2HP(A[m][k]) J HP2 16-bit | 16-bit 32-bit 32-bit

2 EhEAOE HP1 16-bit 32-bit 32-bit 32-bit

L el S SP 32-bit | 32-bit 32-bit 32-bit

- foE'nr]rET—LL-: ‘;5,13!’; ((10 [n][k], Aln][n]) The first column will be used to specify the function’s precision in the
10: | precision <— Eeuristic(m, n) I following.

11 il precision == foal then e 12 = ™ 12

12: A[m][n] « sgemm(A[m][k], A[n][k], A[m][n]) 2= . 1 .1

18z else if precision == half then g2

14: if variant == 1 or 2 then g:’_’ il = % s
15: I H m][n] < SP2HP(A[m][n]) I v 2 go.s 06 | 0.6 ==HP2
16: HImlnl < hgemm{HImlEL HInllk], H[m][n]) 2.2 8o s W
1% l A[m][n] <~ SP2H P(H[m][n]) 2p% —= SR Long
18: else g %50'2 0.2 0.2 Exposure

. “ @©

19: A[m|[n] < hgemm(H[m][k], H [n][k], A[m][n]) R g 0 0

20: end if

21: end if Fig. 5. Proportion of the different GEMM precision and associated ToR
223 end for accuracy on a eight meter telescope with 17k measurements (left) and an
gi: en;'}grfor forty meter telescope with 50k measurements (right).
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Adaptive Optics: tomographic reconstructor, real-time

controller and deformable mirrors
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The journey toward linear algebra Renaissance
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renaissance
Don’t over-solve: maintain just enough accuracy for the application purpose  (2022)
Don’t over-store: no extra copies of the original matrix

business as usual

(2018)

S. Tomov, R. Nath, HL and J. Dongarra, Dense linear algebra solvers for multicore with GPU accelerators, IEEE IPDPS, 2010.
N. Higham and T. Mary, Mixed Precision Algorithms in Numerical Linear Algebra, ActaNumerica, 2022.
Hl M Genton D Gratadoiir D Kevee and M Ravaci Rechonsiblvy Recklece Matrivx Alaorithme for HPC Scientific Annlicatione Combpiitina in Science & Fnaineerina 2022



HICMA Powered by PaRSEC: Released at SC25

Hierarchical Computations on Manycore Architectures
Powered by the PaRSEC Runtime System
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Four Challenging Scientific Applications
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Four Challenging Scientific Applications
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Challenges with ML-based

Climate/Weather Forecasting Simulations

= Today, weather and climate data are usually huge!

= A set of univariate/multivariate Z observations € R™ at given n locations on one or more time slots.
= Z observations could be temperature, precipitation, humidity, air pollution ... etc

Maximum Likelihood Function: a statistical approach used to estimate the parameters of a model. This

method is particularly useful in spatial analysis due to its ability to handle complex spatial dependencies
and heterogeneity

® Prohibitive computational Cost and memory requirements: Z: (9)

1(6) = —%sz(e)-lz - %logIZ(H)I

= The linear solver and log-determinant involving floating point operations on n-by-n covariance matrix
Z(0) with 0(n3) complexity and 0(n?) memory footprint

* Forinstance: 10° locations require 8TB Memory!



Key Approach Based on a Separation of Concerns

Dynamic Runtime
Systems
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PaRSEC: a dynamic runtime system of the DOE ECP

DAG: directed acyclic graph ccodeusing | —— PARSEQC
PTG: parameterized task graph lr]serrtf task
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Elapsed Time and Energy Consumption on Shaheen-ll|

linear algebraic
renaissance
(2022)

oo e

0 mRrop
g RSP

. Time (s) Time (s) Time (s)
Problem Time (s) SC MC WC
# Nodes | Matrix Size | Dense FP64 | Dense+MP | TLR+MP | Dense+MP | TLR+MP | Dense+MP | TLR+MP
‘ 256 2.16M 2847 1036 2180 921 1600 891
512 3.24M 4745 4742 1791 3009 1579 2649 1470
1024 4.32M 4910 4907 2213 4361 1906 3191 1767
2048 6.22M 6202 6207 3890 5575 3206 4962 2456
2020 MJ 1065 MJ 575 MJ

Sustainably Modeling a Sustainable Future Climate, R. Alomairy, S. Abdulah, Q. Cao, M. G. Genton, D. E. Keyes, HL, IEEE HPEC, 2025.




Can we do more? Microscaling coming to rescue

Open Compute Project + OCP Microscaling Formats (MX) Specification
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Compute Project

OCP Microscaling Formats (MX) Specification

Version 1.0

1. License

Contributions to this ification are made under the terms and conditions set forth in Open Web
Foundation Modified Contributor License Agreement (“OWF CLA 1.0") (“Contribution License”)
by:

AMD, Arm, Intel, Meta, Microsoft, NVIDIA, Qualcomm >

Usage of this Specification is governed by the terms and conditions set forth in Open Web
Foundation Modified Final Specification Agreement (“OWFa 1.0”) (“Specification
License”).

5.1 Microscaling (MX)

An MX-compliant format is characterized by three components:
« Scale (X) data type / encoding
« Private elements (F;) data type / encoding
» Scaling block size (k)

d bits

Py
(element]
P;
whits (elemzent)
X P. k scalar
Lo | [ 2 ] o

Pi
(element’

Format Element Data Element Bits | Scaling Block Size | Scale Data | Scale Bits

Name Type (d) (k) Type (w)
FP8 (E5M2)

MXFP8 8 32 E8MO0 8
FP8 (E4M3)
FP6 (E3M2)

MXFP6 6 32 ES8MO 8
FP6 (E2M3)

MXFP4 FP4 (E2M1) 4 32 E8MO0 8

MXINT8 INT8 8 32 E8MO 8

Table 1. Format names and parameters of concrete MX-compliant formats.



tile count

Can we do more? Microscaling coming to rescue
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Figure 2 (n=8192, mode=block, nb=256): tile counts for FP32+FP16 bucket (FP64, FP32, FP16, Low)
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Can we do more? Microscaling coming to rescue
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Figure 1 (n=8192, mode=Dblock, nb=256): FP32+FP16 bucket, E4M3 vs FP8_E4M3
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Do Linear Algebra, See the World!

Thanks,

QUESTIONS?
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