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FP/TF/INT Performance of 5 Generations of NVIDIA GPUs
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Four Challenging Scientific Applications



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

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,
IEEE/ACM SC21.

The Advanced Machinery Operating at 14,000 feet Surviving at 14,000 feet



Adaptive Optics: deformable mirrors

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,
IEEE/ACM SC21.



Adaptive Optics: deformable mirrors

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,
IEEE/ACM SC21.
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Asynchronous Many Tasks Execution

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,
IEEE/ACM SC21.
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The First MxP Cholesky Factorization

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,
IEEE/ACM SC21.



Adaptive Optics: tomographic reconstructor, real-time 

controller and deformable mirrors

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,
IEEE/ACM SC21.



The journey toward linear algebra Renaissance

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, Acta Numerica, 2022.

HL, M. Genton, D. Gratadour, D. Keyes and M. Ravasi, Responsibly Reckless Matrix Algorithms for HPC Scientif ic Applications, Computing in Science & Engineering, 2022.

7/19/2026

Don’t over-solve: maintain just enough accuracy for the application purpose
Don’t over-store: no extra copies of the original matrix

business as usual
(2018)

linear algebraic
renaissance

(2022)



HiCMA Powered by PaRSEC: Released at SC25



Four Challenging Scientific Applications

Computational 
Astronomy

Seismic

Processing

Computational

Biology

Best Paper

PASC18

Gordon Bell Finalist

SC23

Gordon Bell Finalist

SC24
Gordon Bell Finalist SC22

Gordon Bell Winner SC24

Climate
Simulations / Emulations



Four Challenging Scientific Applications

Computational 
Astronomy

Seismic

Processing

Computational

Biology

Best Paper

PASC18

Gordon Bell Finalist

SC23

Gordon Bell Finalist

SC24
Gordon Bell Finalist SC22

Gordon Bell Winner SC24

Climate
Simulations / Emulations



▪ Today, weather and climate data are usually huge!

▪ A set of univariate/multivariate 𝑍 observations ∈ ℝ𝑛 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:

𝑙 𝜃 = −
1

2
𝑍𝑇Σ 𝜃 −1𝑍 −

1

2
log Σ 𝜃

▪ The linear solver and log-determinant involving floating point operations on n-by-n covariance matrix

𝜮 𝜽 with 𝑂(𝑛3) complexity and 𝑂(𝑛2) memory footprint

▪ For instance: 106 locations require 8TB Memory!

𝜮 𝜽

Challenges with ML-based 

Climate/Weather Forecasting Simulations



Key Approach Based on a Separation of Concerns



PaRSEC: a dynamic runtime system of the DOE ECP

https://icl.utk.edu/parsec/

DAG: directed acyclic graph

PTG: parameterized task graph
DSL: domain specific language



Elapsed Time and Energy Consumption on Shaheen-III

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.

linear algebraic
renaissance

(2022)



Can we do more? Microscaling coming to rescue



w/ A. Abdurakhmanov / S. 

Fahmy / D. Keyes @KAUST 

and T. Mary @Sorbonne

Can we do more? Microscaling coming to rescue



w/ A. Abdurakhmanov / S. 

Fahmy / D. Keyes @KAUST 

and T. Mary @Sorbonne

Can we do more? Microscaling coming to rescue



Do Linear Algebra, See the World!
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