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The ECMWEF HPC facility
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Running IFS on EuroHPC and external systems
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The challenge of adapting the IFS forecast model (to GPU)

D ical « Large Fortran code base
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Physical parametrisations
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Preparing IFS for GPUs and multiple HPC systems

Modularisation - . Source-to-source

Atmosphere
eclrans

e — Spectral Grid point
S peCtraI Transform [ transform dynamics —

Semi-implicit pld Physical
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Single-column recipes

Optimise compute kernels
s Schedule data transfers

Loki S2S tool

ecLand

Land surface model

GPU-enabled data structures
Generalised data transfer API

FIELD API
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Flexible data structures for complex memory hierarchies

FIELD API: Initial adaptation to allow GPU-offload via OpenACC / OpenMP

Host multi-field
buffer

non-contiguous FLD 3
host memory

contiguous FLD 3
device memory

Jointly developed by Météo-France and ECMWF

Object-oriented data structures to encapsulate memory placement of field arrays
GPU support: Vendor-agnostic data offload to GPU devices

GPU optimization: Dedicated CUDA backend for faster transfers and memory pinning

For more, see poster by J. Ericsson! #fields 7 blog

\Oc\(—S‘Ze
FLD 1 FLD 2 FLD 3 FLD 4 B \ \
REAL :: BUFFER(NPROMA,4,NBLKS)
REAL, CONTIGUOUS, POINTER :: D_PTR(:,:)
CLASS(FIELD_2RB), POINTER :: F

I I [Bk2 ] I | BRSN CALL FIELD_NEW(F, DATA=BUFFER(:,3,:))
GET_DEVICE_DATA_RDWR/RDONLY: cudaMemcpy2D
| (faster transfers with pinning)

<>

CALL F%GET DEVICE_DATA_RDWR(D_PTR)

SYNC_HOST_RDWR/RDONLY: cudaMemcpy2D _ _
| (faster transfers with pinning) [compute on device using D_PTR]

<>

| [ [Bka | | [ ERE CALLF%SYNC HOST RDWR()

3
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Flexible data structures for complex memory hierarchies

FunctionSpace

o

Spectral

Mesh

Atlas — A library for NWP and climate modelling []

Finite Volume

<Z Transforms

L : =

Finite Element

* Modern C++ library with Fortran interfaces

Discontinuous
Spectral Element

 Data structures library for numerical algorithms

— Interpolation, remapping, spherical harmonics

— Gradient, divergence, Laplacian operators

Partitions
with halo's

* Increasing GPU-awareness!

— CUDA enabled storage and data transfers FLD1 FLD2 AO3 FLD4

MultiField
host memory

— |IFS-style memory blocking for host/device

non-contiguous FLD 3

host memory _ | _
update_host, update_device : cudaMemcpy2D
See later talk “Flexible GPU offloading strategies contguous FLD3

with the Atlas library using Pluto” by W. Deconinck

[1] W. Deconinck et al. “Atlas: A library for numerical weather prediction and climate modelling’. Computer Physics Communications, 2017.
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https://ecmwfevents.com/i/20th-ecmwf-workshop-on-high-performance-computing/oral-presentations/3afdb91e-47ab-4cf2-8120-cc6313529607
https://ecmwfevents.com/i/20th-ecmwf-workshop-on-high-performance-computing/oral-presentations/3afdb91e-47ab-4cf2-8120-cc6313529607

Loki — A source-to-source translation tool

Loki: Source-to-source translation package written in Python

Parse

USER-DEFINED TRANSFORMATION SCRIPT

=

Transformations
\ v file tree j j Write flles
] =[]
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) Frontends IR Visitors T Backends
G”?“\AG utilities
CLOUDSC
LOKI

\

>

« Library of tools and APIs to build source transformation recipes

» Recipes depend on “Single Column” formatted code 2]

— Additional coding conventions that allow tools to re-optimize code

for GPUs via loops flips and changing variable declarations

— SIMD to SIMT conversion with |FS-specific memory layout

(memory blocking with packed arrays and sparse slices)

» See next talk “Cross-platform optimisation for GPUs of

various flavours (the low-level tech overview)” by A. Nawab

[2] V. Clement et al. “The CLAW DSL: Abstractions for Performance Portable Weather and Climate Models”. PASC, 2018.
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https://ecmwfevents.com/i/20th-ecmwf-workshop-on-high-performance-computing/oral-presentations/e6c1ad22-30cf-4d5c-818b-b4a65ae6e139
https://ecmwfevents.com/i/20th-ecmwf-workshop-on-high-performance-computing/oral-presentations/e6c1ad22-30cf-4d5c-818b-b4a65ae6e139
https://ecmwfevents.com/i/20th-ecmwf-workshop-on-high-performance-computing/oral-presentations/e6c1ad22-30cf-4d5c-818b-b4a65ae6e139
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GPU-porting status of IFS forecast benchmark

Model component Porting method .

Spectral Transform  Manual, OpenACC 16%

Dynamical Grid point dynamics  FIELD API + Loki 10%
core Semi-Lagrangian Manual + Loki 12%
Semi-Implicit Manual + Fxtran(MF) 2%

30% AOMP

Physics
Dy-core Manual + Loki

Wave model 8%
Source term FIELD API + Loki

Ocean model (NEMO) Psyelene, Manual 6% Porting (Cray, AOMP)

[INCOMPEENN Demonstrated | Workingonit | External issues  Not started yet [{[[Outiof scopel |
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Transform time (ms)

6000

5000

4000

3000

2000

1000

--niter 100 --nlev 137 --nfld 1 --vordiv --uvders
WA 2xAMD 7742 CPU
4xNvidia A100-40G-SMX GPU (OpenACC)
mam 4xAMD MI250X GPU (OpenMP)
p@: 4xAMD MI250X GPU (OpenMP, non-GPU-aware)
we 4xAMD MI250X GPU (OpenACC)
@4 4xAMD MI250X GPU (OpenACC, non-GPU-aware)
4xNvidia H100 GPU (OpenACC)
<
W0
T nZad  BEERS
MY Qo— o Nm JFon oo e NS we
Se-®ow? YRIRNRN Lo8-d-~ BES e
79 159 319 639

Dynamical core and transforms

/EcTrans: Spectral transform library

Separate CPU and GPU code paths

GPU optimisations include GPU-aware MPI,
use of optimized math and graph libraries

Available as standalone test and benchmark

\-\ Talk by L. Mosimann + poster by S. Hatfield!
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Average walltime (s)

Loki: Adapted single-column recipe

Field-API: Device-resident allocations

G,,dpo,mc‘mpm-point computation (CPG)

Semi-Lagrangian advection
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Loki: Adapted single-column recipe

Field-API: Buffer allocations on device

\\and interfacing to GPU-aware MPI /

~

Dycore tco399 24-hour run DP - 2 Atos nodes

[/ Compute [ Pullback
Hl Host compute: DDH EE Init
3 Offload

mul

CPG

SLCOMMS

sL

Left to right: CPU baseline, Loki opt. CPU, Loki opt. GPU. CPU config: 32 MPI ranks, 8 OMP
threads, NPROMA 16. GPU config: 8 MP| ranks, 32 OMP threads, NPROMA 32.
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GPU-adaptation of IFS physics package

GPU development cycle
+ Auto-generated GPU code via Loki recipes : i;:: ::r?:::am;many
« Use Loki + Field-API to offload

—  Optimizati d ipeli
ptimization passes programmed as pipelines Romove data fransfere (o GPU

— Full physics package for Cy49r1 and Cy50r1

Thread-parallel

r—] parametrisations

— More optimization and automation ongoing ( E . .

. CPU (32 ranks) e CPU (B ranks) W GPU (32 ranks) EmE GPU (32 ranks)-offload

GPU-offloaded | Transformed | Original
parametrisations 1 source files 1 source files
1 1
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3.0 g ! ( [GPU] Convection ] .... : . S ! oD
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ecRad - atmospheric radiation scheme

e Qutputinterpolation e SLCOMM Output
. CopyTaModelFields Qther
. SLCOMM Imput

e Inputloopl
e Inputloop2
B Inputinterpalation

 AcrosolComputations
B Radiation
Em Outputloopl

Adaptation of manual

OpenACC port

from MeteoSwiss

40 1

301

Interpolation to and

from a coarser grid .

Radiation scheme

spee% T (g

(60\““6
By.a Mvidia Mvidia Mvidia Wwidia MNvidia Nwidia

SECMWF

2xdx32 2xdx32 2xBx16 2xBx16 2x16xE 2x16x8
ecrad GPU ecrad GPU ecrad GPU ecrad GPU acrad GPLU ecrad GPLU
MRPRO & NRPRO 1024 MRPRO 2048 MRPRO 1024 MRPRO 2048 NRPRO 1024 MRPRO 2048

Ongoing work:

Development of a sustainable,
Loki-based GPU port using SCC
recipes for smaller NRPROMA

Flexible (e.g., LAM support),
GPU-capable interpolation
method based on Atlas

MPS does not help
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EcWAM - Open-source standalone wave model

Released under Apache-2 license on Github

GPU support via Field-API and Loki (OpenACC & OpenMP)

See later talk by F. Di Sante and poster by A. Nawab!

MPI| comms

Loki
[ (SCC-stack) ]

— Optimised on Nvidia and AMD GPUs
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GPU-adaptation of NEMO ocean model

CPU vs GPU Execution Time for Stp_Tracer modules and subroutines

Initial collaboration with STFC on PsyClone for NEMO-5 = cru o

m GPU (ms)

» (Good progress towards long-term sustainable GPU-port  «|

50 4

40

[ ]
Time (ms)

New focus: Porting of NEMO-4 (OCE & LBC)
» Approach: Incremental manual via OpenACC
* Goal: Maximize GPU utilization

30 4

Execution

10 4

* Progress on ported Modules (ORCA1):

« Ocean diagnostics (DIA), tracer (TRA), diffusion S
(LDF), forCing & data (DOM), dynamiCS (DYN) CPU vs GPU Execution‘I'imel:‘;:l;’l\:;jg;;;:c‘i;n modules and subroutines
BN CPU (ms)
80 s GPU (ms)
* In Progress: ZDF (Vertical Diffusion) modules

Up next: Testing higher resolution case: ORCA025
Up next: Performance profiling & scalability tests

[ ]
Execution Time (ms)

Open question: Long-term sustainable multi-arch version?

X o N ey 20 a0t A&
B A e '3
S N A A A

Module / Subroutine
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Average walltime (s)

GPU-adapted IFS benchmark - putting it all together

Latest RAPS release — internal cycle Cy50r3

« High device residence (>85%), optimization ongoing

 Initial runs competitive despite wasteful data transfers!

— GPU over-subscription via MPS very beneficial!

I PHYSICS
RADIATION

N DYNAMICS
B SEMI-IMPL

I TRANS
. \WAM

. (/0
B OTHER

1000

800 4

G600

400 4

200

Tco639 - 15km, 48h, 3-4 nodes

ECMWF-AG
12 GPUs (GH200)

JUPITER
12 GH200, no MPS

|

ECMWF-AC
16 GPUs (A100)

AC CPU AC GPU AG CPU AG GPU AG GPU Jupiter CPU
np24 nét4c32 np24 n3t4c72 MPS n3t16c18 np24
n4t16c8 np32 n3t16c18 np32 np32
SCCS-STACK SCCS-STACK SCCS-STACK

Jupiter GPU
n3tdc72
n3t16¢18 np32
SCCS-STACK

Average walltime (s)

4 GPU-enabled IFS A

» Competitive on Grace-Hopper

* Under-optimised data transfers

» Derived from optimised CPU

« Latest science cycle (Cy50r1) )

Tco1279 - 9km, 48h
10 nodes of GH200

Tco2559 — 4.5km, 12h
32 nodes of GH200

1200 4

00 4

400 4

1600

1400

1200

Average walltime (s)

CPU GPU v
tcol279 tcol279
nl0t16cl8

CPU

tco2559

n10t4c72 n32t16c18

np24 np32 ey
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GPU-adapted IFS benchmark — optimization ongoing

m
High device-residency; lateg tiop p
fast compute but more tse rfor,
improvements coming
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(cp. [CPEOP. ] 3 I | I ] m A1 U
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Optional Bottlenecks in physics- Missing 9 y loop
. .S become costly without
mass fixers dynamics interface semi-implicit
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Progress on GPU adaptation of IFS

Sustainable GPU adaptation alongside scientific development
— Close collaboration with member state and strong synergies with Destination Earth

— Enable continuous adaption and performance optimization for HPC architectures

Focus on refactoring and software infrastructure

— Increased modularisation and use of library interfaces
— GPU-enabled data structures and preparation towards Atlas

— Source-to-source code transformation via IFS-specific recipes

Progress: Most components offloaded and optimization ongoing
— GPU offload for >85% of atmospheric time step, based on latest science (Cy50r1)

— Optimisation ongoing on JUPITER and in-house GPU partitions

L
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Thank you! Any questions?

& michael.lange@ecmwf.int
¥ MLange805
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