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Aiming for Exascale { }
* o, K

"The LUMI-G hardware partition consists of 2978 nodes with 4 AMD
MI250x GPUs and a single 64 core AMD EPYC "Trento" CPU. The
aggregated HPL Linpack performance of LUMI-G is 379.70 PFlop/s."




Out to network

QOutto network
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GPU-attached NICs

Weak scaling on LUMI: CG and Chebyshev iterations
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“Ghost” values from
other processes — we
need to fetch these
across before we can do
the MatVec. Hopefully
sparse, so we do not
need to get them all.



Finite Element on GPU

Q3 Q4 Finite Element Kernels (no shared memory)
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Good Performance Finite Element on GPU

Finite Element Kernels (using shared memory)
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Operator action: 1
y = L(x)
for Laplace operator 0.5
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using same integration

NVIDIA A100 AMD MI250X
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Bempp
(monolithic, tens of thousands of lines of C++)

From C++
— to Python
(monolithic, tens of thousands of lines of Python) tO R U St

-/)
ndgrid element quadrature A

Bempp-cl
(monolithic, tens of thousands of lines of Python)

octree assembly




Seriously, why Rust?

Modern traits (concepts) based programming language.

Memory safe by design (though less important than
usually advertised)

Excellent package management system similar to npm
Easy deployment
Growing and exciting community




Fast potential evaluations with kifmm

Fields represented through equivalent densities generated from discretised

first-kind integral equations.
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Equivalent Surface

Exterior field generated by black
source points replaced with equivalent
field generated through red source
points.
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Check surface

Ying et. al., A kernel-independent adaptive fast multipole algorithm in two and three dimensions, J. Comp. Phys. 196, pp. 591—626, 2004

S. Kailasa et. al., M2L Translation Operators for Kernel Independent Fast Multipole Methods on Modern Architectures, submitted, 2024

upward/downward equivalent surface
upward/downward check surface

a4 source points
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M2L Operators

1.) FFT Acceleration via convolution grid

upward/downward equivalent surface

. . . upward/downward check surface
Surface grid Yo 177 s T T, z,
Convolution grid S ow u B nooouy o U
Source densities mapped 4/-/ = P00 0 0 o 4 a2 ® ®
to convolution grid
Sequences of all unique kernel K[/ = K, K, K, K, K, 0 ®* o @
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2.) Randomised compression for M2L interaction
M2L
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86ms for 3 digits accuracy on
M3 Max laptop with

Performance optimised parameters for

Apple chip.

(a) M1 Pro

BLAS (1) BLAS (5) BLAS (10)
€ Temm Taian, Tpop Trmum Thizr, Tpop Tennt ThaL Tpop Trmm 4 M2L Tpop

Single Precision

107 | 22343 113+3 95+1 207+1 84+1 110+1 199+1 79+4 12041 172+ 3 6441 95 +1
1075 | 255+ 3 137+3 96+2 245+5 1161 111+2 | 231+1 1061 110+1 278 +5 160+4 96+2

Double Precision
1077 | 941+7 620+6 217+1 902+1 568+1 226+2 | 1068+4 691+3 234+1 1231+4  911+£7 2161
107 | 1690+12 10741 144141 | 177146 12342 145041 | 175944 11841 1522+8 | 1891 +13 275412 144141

O 1S fOI. 3 digits 1071 | 19254+ 15 22242 144243 | 1990+3 234+1 151443 | 1953+3 22941 152045 | 2262+35 536+2 1439413

accuracy. (b) AMD 3790X
' BLAS (1) BLAS (5) BLAS (10) FFT
Trym ThoL Tpop Trvm Tmeo Tpop Trvam Tmou Tpop TrvMm TmaL Tpop

Single Precision

1074 [ 109+1 1741 9341 107+1 5+1 95+ 1 1061 6+1 95+1 |105+1 11+1 9241
107% | 120+1 2141 93+1 1301 261 95+1 1381 34+1 94=+1 1361 39+1 93%1

Double Precision

1077 | 273+1 7441 183+1 |347+1 134+2 183+1 |353+1 148+1 183+1|437+5 2201 182+1
107° | 398+1 186+1 183+1 [501+1 336+1 18341 |515+1 35241 18241 |685+5 4504+1 18241
107" | 762+2 517+1 182+1 | 919+1 638+1 183+1 |938+1 683+1 183+1 | 11576 9005 182+1

1 million points, uniformly distributed in unit box. Setup times not
included. FMM parameters optimised for Threadripper.
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ARC H E R2 * Excellent MPI bindings for Rust available

* Compiling on ARCHERZ2 still a bit of pain

gettlng RUSty * Need better SPACK integration (working on it)



Community

building

Scientific Computing in Rust

Welcome to Scientific Computing in Rust. On this website, you'll find information about the Scientific Computing in Rust
annual workshop and monthly newsletter.

Annual workshop

The Scientific Computing in Rust annual workshop is a virtual event focussing on the use of the Rust programming
language within scientific computing. Topics covered in past workshops have included linear algebra libraries, running
code on GPUs, and a huge range of application-specific libraries. It was first held in 2023. Recordings of the talks for
every workshop are available on the Scientific Computing in Rust YouTube channel.

More information about the most recent workshop can be found on the Scientific Computing _in Rust 2024 workshop
page.
Monthly newsletter

The Scientific Computing in Rust monthly newsletter features the latest updates related to using the Rust programming
language within scientific computing, including crate releases, upcoming events, publications, and jobs. You can read the
newsletter online or subscribe to receive it by email on the Scientific Computing in Rust Monthly page

Zulip chat

If you're using Rust for a scientific application, we invite you to join the Rust-SciComp Zulip chat.

Code of conduct

‘We expect all attendees of the Scientific Computing in Rust workshop and all contributors to the Scientific Computing in
Rust monthly newsletter to follow the code of conduct. Instances of abusive, harassing, or otherwise unacceptable
behavior may be reported by emailing coc@scientificcomputing s or by contacting any of the workshop organisers.




UK Research
and Innovation

Collaborative

Computational
Modelling at the
I nte rfa ce CCMI defines a unique training

programme that enables our
graduates to become world leading
experts on the interface of

Joint Doctoral Training Center
between University College and
Imperial College

Lead by UCL ARC in partnership
with UCL Maths, Stats, CS, and Industry Start-Up Workshop 24 April 2024

computational sciences and
research software engineering.

Imperial Maths, Computing.
£13.6m total investment between
EPSRC, UCL, Imperial, Industry
Over 70 PhD students trained
across 5 cohorts
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