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» The Engineering applications will be
performed using the OPEN-SOURCE

framework OpenSeeS

« Soil-Structure Interaction (SSI), of large domains

« HPC capabilities in developing detailed large scale

seismic probabilistic frameworks
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ChEESE-EUPEX Collaboration

| Diagram for SPECFEM3D
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SPECFEM3D

latest GPU-
accelerated
(w/ or w/o
otptimization
backported)

N

EUPEX SDVs
- A64FX
- Sapphire
[ Rapids HBM
- Grace Hopper

- SPECFEM3D v4.0.0

SPECFEM3D
Mini-apps
(incl. pre-processing)
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1 SPECFEM3D IN EUPEX

@PEX: SPECFE
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(CPU)
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backported)

\ EUPEX SDVs

- A64FX
- Sapphire

1HRapids HBM

- Grace Hopper

EUPEX Forum 2024

Target a complete workflow including SPECFEM3D

Focus on optimized version from ChEESE-1P (CNRS/Atos/Eviden
version)

Two main branches:

 Elastic simulation (vectorization improved for CPU
architectures)

« Full SPECFEM3D (including seismic tomography features):
still missing some optimization/tuning (anisotropic
materials). Available in zenodo

But target latest accelerated version for production level test case
and associated workflow

A64FX performance tests done, will continue on Grace Hopper
(soon)

09/10/2024



https://zenodo.org/records/6394675
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ChEESE
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ChEESE

WP2 “Exascale technical challenges in flagship codes”

«  Leonardo booster code audit (scaling etc.) and suggestions using the full app (published in D2.1)

«  Ongoing work for D2.2 (Dec. 2024) on performance portability campaign on GPU (MN5, LUMI,

EUPEX SDVs

Leonardo) on the mini-apps.

ChEESE-2P | g

«  Optimization in WP2: Reduce memory access, try different compression strategies (i.e.,

SPEC FEM3 D V4.0.0 | = A64FX compressed arrays), need to check precision and do some tests, now on CPU then on GPU.
! - WP3 “Co-design with European HPC vendors and technologies”
Sapphire d h dors and technol
. Rapids HBM . -
*  Focus on mini-apps, target ARM SVE and HBM before EUPEX availability.
SPECFEM3D - Grace Hopper
Mlnl-appS ChEESE Tier-0 (pre-exascale)

Lead 1P

~500
Finland PFlop/s 5

(incl. pre—processing) :
4 SeisSol ! peak

.
— ~300
PECFEM3 CNR
S SPECHEneD ° Leonardo EEeRY PFlop/s 6
ExaHyPE | peak
. ~250
Tandem LMY ’ v MNS ACC BEIETR PFlop/s 8
o peak

MHD XSHELLS
HYSEA UMA
FALL3D csic

More than 1000 PFlop/s peak
aggregated computing power...

OpenPDAC INGV no

LaMEM UM no
GD

n
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...but with a variety of different
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ChEESE

D https://specfem.org,

Weak Scaling

! [N ==
+ Spectral-element method: 20 .
CPU, GPU, MPI (domain decomposition) ) 1
- Solves linear seismic wave propagation in 3D models : e -
Elastic, viscoelastic, piroelastic, and fluid solid interactions il
Implements imaging and Full Waveform Inversion for 32
complex models 11
« Scalability evaluated on Leonardo booster: :.
Weak scaling : from 4 to 64 GPUs, 360448 mesh elements e s
per GPU ==
excellent weak scaling up to 64 GPUs (and likely beyond)
Strong scaling :
good strong scaling up to 256 GPUs
overlapping MPI communication with GPU computation ;

SPECFEM3D has been optimized for various GPU architectures
(using primarily CUDA and HIP as GPU programming model).

" P
'-'- E U P EX EUPEX Forum 2024 Performance Optimisation 09/10/2024
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https://specfem.org/

Speedup

=EUPEX

+~—— Weak (128x128 per rank)
-+ Weak (perfect scaling)
+— Strong (1024x1024 total)
- Strong (80% scaling)
- Strong (perfect scaling)

S
271

326

|

Problem size 1024x1024

MPI|GPU ranks

Global scaling efficiency

- Computation time scaling
- Parallel efficiency

- - Load balance efficiency
- - Orchestration efficiency

2001.806

1024x1024 1024x1024 1024x1024 1024x1024

64

255.948 135.478

gpu_idle

[ gpu_comp

1
1(4) 2(8)

16(64) 32(128) B4(256) 128(512)
Compute nodes {MPI|GPU ranks)

POP3_AR_002

iterate_time (solver) chosen as Focus of

Analysis
Good strong scaling up to 256 GPUs
With 512 GPUs no longer able to sufficiently

overlap MPI communication with CUDA

kernels

EUPEX Forum 2024

Aggregate XPU time [s]
[
8
=3
=3

000}

Performance Optimisation

[ cuda_launch
Bl cuda_xfer

[ cuda_sync

Bl mpi_comm_coll
Bl mpi_comm_p2p
Bl mpi_sync

Bl cpu_computation

2(8)

16 (64) 32(128)
Compute nodes (MPIIGPU ranks)

https://zenodo.org/records/13643996
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https://zenodo.org/records/13643996
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16x32 grid 2D domain decomposition on GPUs

* many kernels are well balanced

» some kernels execute much faster
for interior compared to edges
only four GPUs handle
seismogram receivers

« only one GPU (#243) executes
compute_add_sources_kernel

om0 | sebsdn | --w“i

F-i"o 12%4a 50:099%) |iiﬂl ;

compute_add_sources_kernel executed on

single GPU (#243) is rather short, however,

results in all other GPUs having very long

synchronization times in following

transfer_boundary_from_device_a

 over two-thirds of CUDA synch time
and over 30% of total CPU time

EUPEX Forum 2024

Performance Optimisation
and Productivity

1
W e v Boive | [t Wipzaie  Wouwa }
1 B0 Yow (s - a} '.ink uas
.DDMNII:Y.M = | g::.«;«w‘:;m e t
ot - gl —_—
+ B B G 099 conute tres acnsot. ooy -
« 0 2000 + 01 0003 covgnie fertel VOt "o
0 229 040 Gavwesd Masmperant O 0000 covgutn_statey WHASI0C i),
(T 0000 Compatie_n_Iantes Wicosasy_gp). wa
= 01 0000 Corvgale i sonnies o osly
WesLe " B oo oomouee 2 o e i
' N !
B 52001 %1 Devco -0 mmm.m_c_ o
W 2NN VR ) + 0000 prepan_tew )
L0 M9l Bytes - wo
00 0 Mbe eperatons Inic)
+ 1 0000 COmpetybess’ mmsan o ter) L O o e "o
1 5000 Mrrasns wosirse Seme L9) + O3 19419 S _copy M deraio.
A0 00 Waarmans K hsan Thre Se0) + O 0000 assemie e w1l sond_Daks_ mo
+ O 0000 Lasne ourdery U o
¢ O Z1ETONT dssarvien s s w10 e, w0
+ 1 0090 Wevwe S a_0xda_ 4T
+ O D091 wrte_setvigrines o
0 g 7 STy
D000 ((FE_Sapsin) Sew_
£ 0,099 &_pwvter Voer oo See Pul & Winnw
) * 1 0,09 ke savedition_
i = " | Wt L2 ehwenit
fi- 13904 10N sﬁ E $33.107 19 323 Z | l

T  ——— 09/10/2024




1 ChEESE-2P co-design on SPECFEM3D

+ Mini-apps developed by Vadim Monteiller (CNRS)

L o+ W
~  CPU, GPU (CUDA) and MPI o T
= https://gitlab.com/specfem_cheese_2p/mini_specfem/specfem_mini_app e S ML
Projet
> Goals I's specten.minison
# Epnge -
«  Ported and optimized for EUPEX and EUPILOT Tiekats o
- ] ) ) Requates de fuslon o
= Performance portability by testing different programming models/languages e -
& Programmation »
= Status W Cade ;
. . & Compliation '
= Performance characterization on x86 \/ B kit :
= Ported to ARM (Ampere Altra and Grace) \/ 9 Eplmlin
Survelllance ’»
= Vectorization optimization \/ 1 Analyse '

*  HBM study 2
*  More optimization dedicated to HBM & ARM SVE @

} E U PEK EUPEX Forum 2024

werfem cheodt Ip | el | spechem_imin_app

smdemminUw

Mini apps based on speciemi3d -
MRS GUAD. Cony Do Thm_chesau_T0 MUl appy sewecTnm 3 Each wergion af th mire
spplication tests » particulnr cese uf specfam:

acoustic iso mpi ! cpw + PPL. acoustic (Fluid) case
elastic s mpi | cpw ¢ MPI, elastic isotroplc case
elostic _iso vectorised apl © cpu + MP1 + cache blocking vectocizs
elaxtic_iso_att api - cpu + MPI, visco-elastic isotropic cuse
elostic_aniso mpi @ cpu « WP, elastic smisotropic case

acoustic_iso_codn_spi : GPU « CUDA + MPI, ascoustic {fliid) case

elastic_iso_cuda_api = 8PU - TUDA + NP1, elastic isotropic case
olastic_150_stt_cudd_mpl © GPU « CLOA + MFI, visco-slastic isotro
elastic_aniso_cuda_spl : GFU « CUDA + SPI, siastic anisotropic oo

configuration and compilation

A Sedmpta makaliie b proviosd Tor Sach min-spplication. The confguration i -
coded In config med 480, 4 configrations are defined and must ke chosen bodore
compitation

O 44 validaticns
¥ 2brarches
& 0 dtiguetse

AEADME

Oaste de créstion
Novomber 30, 2023

09/10/2024
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https://gitlab.com/specfem_cheese_2p/mini_specfem/specfem_mini_app

= First optimizations to improve vectorization on main kernel

“compute_forces”:

First attemps by hand: loop reordering, temporary arrays, etc.

Finally: addition of ISOMP SIMD directives leads to best

performance
= Results on AMD Milan 7763 (1 socket with 64c)

» As mini-apps are all memory bound, the HBM should be

effective in improving performance

= Next step: study the performance on HBM and optimize

memory layout and access

EUPEX Forum 2024

=EUPEX

ChEESE

Excellence in Performance Programming (CEPP)

Mini app Execution time Compute bound Memory bound Vectorized
elastic_aniso_mpi 259 s 77% 23% No
elastic_iso_mpi 140s 49% 51% No
elastic_iso_att_mpi 275s 49% 51% No

Add ISOMP SIMD directives at the right spots

Mini app Exiﬁﬁzon Speedup [ Compute bound Memory bound Vectorized
elastic_aniso_mpi 166 s 1,6 61% 39% Yes
elastic_iso_mpi 116 s 1,2 40% 60% Yes
elastic_iso_att_mpi 240 s 1,1 37% 63% Yes

Work performed by Pelagie Alves and Stéphan Jauré from Eviden’s Center for Ewl] DE N
09/10/2024




_ _ _ CUDA/HIP/DPC++ ‘ OpenMP 5/ OpenACC m
» On production: use of the accelerated version of

. Portability across No. Need to write Yes. Single source code Yes. Single source code
SPECFEM3D (On one node: 30x speedup CPU vs GPU on architectures separate kernels for every  with pragma-based implemented using

architecture approach Kokkos functions

Performance Optimized performance Tough to optimize for | Very good performance
performance "l

st of portabili Very high RS, - High

ca P2 y Sl Why use Kokkos? 9

Jean Zay machine).

» CUDA, HIP and CPU version in the same code with 2

different memory structures (one for CPU et one for GPU),

. . Cost of maintenance Very high, Newer Low. Assuming compilers Low. Assuming Kokkos
difficult to maintain. architectures might do a good job of « backend is always
require tuning of kernels implementing the standard | optimized
. s .
* Maintain the CPU version anyway. Compiler dependence N/A These are standards, N/A
vendors have a flexibility on
implementation

Fortran Support No. Could use bindings Yes No. Could use bindings

%W PRINCETON UNIVER

“n
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10k ® Specfem baseline performance \ : _
_ E A SPECFEM Kokkos performance a
[ a Relative performance & <
- SPECFEM v f
Application layer =S < 10'F ¢ P2 ,
! 2 f = Comparison on
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- A A A Ab 1 :
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” Total number of Spectral Elements
Programming layer KOKKOS
® Specfem CPU Kernel (Baseline) ;
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EUPEX Forum 2024 Underlylng Hardware 09/10/2024
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