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Where GPUs deliver scientific results

Particle-in-cell simulation Atomistic molecular dynamics Molecular structure prediction

PIConGPU: particles and electromagnetic fields EXAALT: interatomic forces and long-time evolution AlphaFold: GPU inference on protein structures




Dusty plasmas
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The bottleneck of dusty plasmas simulation

Plasma flow
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Relative concentration of ions
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2. Copy data from CPU to GPU

1. Create discrete particle’s 3. Compute discrete particles’
coordinates and velocities trajectories

4. Copy data back from GPU to CPU




1. Scatter discrete particles’ positions 3. Compute partial forces

2. Gather partial forces

<

3. Compute partial forces

3. Compute partial forces

GPU

3. Compute partial forces

— GPU

4. Sum all partial forces 3. Compute partial forces
in a single GPU




Solution

Which devices we study?

Device Peak Energy Price (%)
performance consumption
(TFLOPS) (Watt)
NVIDIA A30 10.32 165 5000
NVIDIA A100 |19.5 400 31000
NVIDIA V100 |15.7 300 13000
Intel Xeon Gold |10 140 3600

Which metrics we study for a given test case?

number ot interactions
second

Resource efficiency: Normalized per peak performance

Number ot interactions doll
Economical efficiency: second per aollar

second

per Watt
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Resource efficiency

per peak performance

number ot interactions
second

Normalized
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Economical efficiency

per dollar

Number of interactions

second
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Power efficiency

per Watt

Number of interactions
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Device ranking

Metric/Device NVIDIA A30 NVIDIA A100 NVIDIA V100 Intel Xeon Gold
Computational 2

time

Resource 1

efficiency

Economical 2

efficiency

Power efficiency 2

1. NVIDIA V100 (7 points and no > 2)
2. NVIDIA A30 (7 points)

3. NVIDIA A100 (10 points)

4. Intel Xeon Gold (14)




Speedup

Usage of several GPUs
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Enabling multiscale simulation of dusty plasmas
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Thermo-penning discharge

Cylindrical chamber

Anode (chamber wall)

Thermo-Penning
discharge




Pla_sma based nuclear waste separation technology

Thermo-penning discharge

Cylindrical chamber

Anode (chamber wall)

Thermo-Penning Cold cathode

discharge

Hot cathode
Ag-Pb ion source

N.A. Vorona, A.V. Gavrikov, A.A. Samokhin, V.P. Smirnov, Yu.S. Khomyakov, 2014,
published in Yadernaya Fizika i Inzhiniring, 2014, Vol. 5, Nos. 11-12, pp. 944-951.




Porting Particle-In-Cell on GPU with JAX

Particles
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Performance comparison
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Multiscale simulation of plasma based separation

FMMPOKUHETUNKA INTIEKTPOHOB — WMOHbI 1 HauTpansbl (GPU, PIC/MCC) — peayuupoBaHHasa moaernb nrasmbl — pasfeneHue MOHOB

MNMepexon Ha
ONeKTPOHbI e NMpsimoe mopenupoBaHue cn:.qyro‘?lmﬁ
nnasmbl paspsga NeHHUHra
MMpokuHeTdeckoe onvcatve pasp MaclLTa6
9NEKTPOHHOWN KOMMOHEHTHI B
MarHMTHOM norne . Annpokcumavus
B XapakKTepncTuk nina3mbl,
—_— HEeyCTOMYMBOCTM
® MoteHunan 1 napameTpoB
dnykTyaumi
® [noTtHOCTMU - M3 JOpPOrux NpsamMbIxX
§ pacyéToB
Te ~2—753B ® HeyctonumBocTn
e PepgyumpoBaHHas Mmoaernb
# . (CaMOCOFJ'IaCOBaHHbIe
o nongd, Qnyktyauun,
WoHbI 1 HenTpansl o mc?&qﬁagc;)
nnasmbl JBoniouma pacnpeaeneHus nnasmbol y
GPU-yCKOpEHHBIiA ® CoxpaHeHue KIo4eBom
- Electron Density Evolution N3NKN
PIC/MCC, JAX, ®
MUIIMOHLI CynepyacTuLy
. —
o
o
o
o
[
® o

KMHETUYECKNIA pacHéT MOHOB

Hoporas camocornacoBaHHas pm3nka Ha cynepKkomMnbroTepax PacuéT nonen / (hnyKTyaumit / napamMmeTpoB HeYCTONYNBOCTEN

TpaekTopumn
paspensieMbiX MOHOB
B peAyuMpOBaHHOM
MoAaenu nnasme

Kooppunara ¥ (cM)

0 20 40 60 &0
Koopaounara X (cm)

KauyecTBeHHOEe
| pasgeneHve NOHOB
|

CENEKTUBHOCTb, LUMPUHA 30H
OoCaXKaeHus, YnctoTta

HapeXHbIn pacyéT pasgeneHusi MIOHOB

A 4




Conclusions

GPUs can be efficiently used to accelerate
simulation of complex plasmas for
fundamental and applied research
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