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HPC for Earth Sciences Team at BSC

* Knowledge about:
* Mathematical and computational aspects of Earth system models (ESMs)
* HPC adaptation and development
* Support on computational performance analysis and optimization
» Research on different HPC topics, including GPUs, reproducibility, RISC-V co-design, etc.
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CPMIP

* New CMIP Task team: Collection CPMIPs and Carbon Footprint for CMIP7
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Description

Overall consumption and platform
information

Metrics by experiment that require
close to no effort to obtain

Detailed metrics, not required
but collected from institutions
willing to collaborate (e.g.
ENES)

Metrics

Number of simulated years
Core-hours consumed

Data output

Energy cost (Carbon footprint)
HPC platform

Simulated years per day (SYPD)
Actual SYPD

Core-hours per simulated year (CHSY)
Joules per simulated year
Parallelisation

Data Intensity

Resolution

Data output cost
Coupling Cost
Memory Bloat
Complexity



CPMIP

e Outcome — Multi-model multi-platform performance study
PERFORMANCE METRICS

- Supervise &standardise the collection for CMIP7

- Analyse & publish results (ESGF?) Parallelization: 264 RSYPD: 155

Metric Value Min Max sD MAD

- Im prove pe rformance by |dent|fY| ng maCh i ne/ mOdeI JPSY 140,176,222.22 44,887,700.00 270,110,950.00 89,349,513.24 80,734,485.19
bott I e neCkS) SYPD 0.99 0.49 3.53 118 1.06
ASYPD 0.75 0.43 2.82 0.77 0.59
CHSY 6,403.18 1,793.37 13,035.37 4,716.60 432034

Value: Value of the metric calculated at the experiment level.

[ ) EC— Ea rth4 SD: Standard Deviation.

MAD: Mean Absolute Deviation Around the Mean.

- Bereadyforthe collection

- Automatisation is key (e.g. auto-ece4) # considered: 5 # not considered: 0
. . . Chunk Job Name Queue Run CHSY SYPD ASYPD JPSY Energy
- CO I I ect d U r I ng S p I n - U p ru n S - > I n C reased t h rough put 1 a808_20191228_000_1_SIM 00:00:24 00:08:06 13,008.60 0.49 0.46 257,135,200 704,480
p ro d u Ct i on 1 a808_20191228_001_1_SIM 00:00:24 00:08:07 13,035.37 0.49 0.46 256,587,700 702,980
1 a808_20191228_002_1_SIM 00:00:43 00:03:14 5,192.73 1.22 1.00 117,402,250 321,650
2 a808_20191228_000_2_SIM 00:01:39 00:01:59 3,185.23 1.99 1.09 81,975,350 224,590
2 a808_20191228_001_2_SIM 00:01:39 00:02:57 4,737.70 134 0.86 123,026,900 337,060
2 a808_20191228_002_2_SIM 00:01:17 00:07:51 12,607.10 0.50 0.43 270,110,950 740,030
3 a808_20191228_000_3_SIM 00:00:49 00:01:07 1,793.37 3.53 2.04 44,887,700 122,980
3 a808_20191228_001_3_SIM 00:04:26 00:01:24 2,248.40 2.82 0.68 58,710,250 160,850
3 a808_20191228_002_3_SIM 00:00:16 00:01:08 1,820.13 3.48 2.82 51,749,700 141,780
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Load-balance for Coupled ESMs

Load-balance is one key limiting factors of coupled ESMs performance.
Average CMIP6 12.8% (Acosta et. al. 2024)

Component 1
Ice Sheets BEAR

Greenland Antarctic

(deArThEsM

ECE4 re.ad?r S GHG tracers
AMIP / emissions chemistry + aerosols

Calculation time

Atmosphere / Land
Waiting time

Communication

Bio-geo-chemistry
PISCES

Sea Ice (SI3)

Coupling time

OpenlFS

nutrients

Output server
xios &

Fastest component
has to wait

{ Coupling J@[ Synchronization J@[ Load imbalance J — Parallel inefficiency
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https://doi.org/10.5194/gmd-17-3081-2024

Load-balance for Coupled ESMs
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Profiling and optimization

Preliminary scalability of EC-Earth4 - OpenlFS 48 on MareNostrum 5

TL255L91: SYPD vs. MPI tasks

@

5 6 7 8 9 10 11 12 13

MPI tasks

One month simulation of OpenlFS 48 (TL255L91)
In 1 node, 8 OpenMP threads per task
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TL255L91: SYPD vs. nodes

0.00

nodes

One month simulation of OpenlFS 48 (TL255L91)
14 MPI tasks per node, 8 OpenMP threads per task



Profiling and optimization

Preliminary profiling of EC-Earth 4 on MN5 running TL255L91 and eORCA1.

l Outside MPI
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M7 mixed precision

Objective:
To determine which parts of the code can effectively use lower precision without compromising the

quality of the results.

Followed steps and challenges:

* OpenlFS - M7: * AutoRPE tool:

- Compilation: building the code inside a - Preprocessed sources: AutoRPE works on code
container and on MareNostrum5. that can be compiled.

- Running the tests: gathering the +  Different build-system makes harder to obtain the
necessary data for the tests and preprocessed files
successfully running the tests in both - Adapting the tool to new code:
environments. * [dentify the files to be modified by the tool

*  Adapt the tool to different Fortran coding styles
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Climate Model Replicability

Computing Ensembles
environments
Distributions Statistical
of scores testing
p > a

(not enough evidence
to reject Hy)
g /p < a
(enough evidence
to reject Hy)
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Climate Model Replicability

Improved methodology, based on Massonnet et al., 2022 (https://doi.org/10.5194/gmd-13-1165-2020)

Metrics Tests

Reports
e RKO08 score e T-test (Welsh’s t-test) e Time series plots (ensemble mean and spread
N 5 for both ensembles)
¢RK08X = Z@Z - exp [_ (wmi y_ yz) ] e U-test (Mann—Whitney test) e Spatial differences plots
i=1 i e Matrix plot (see next slide)
e Bias score e Bootstrap test
N
eBIASY = Z&?Z e~ biasmil/o e Kolmogorov-Smirnov test

=1
e RMSE score

Timeseries of annual mean tas for forcing sbhmb and cmip6

N
X S _ X Y 280.2 S cmip6
CRMSEm = E w; € Crmsemz/am . N
. =1 |
® combined score - 279.8
4
5 2796
X X X g}_ 279.4
eRKO08 eBIASS +eRMSE
COMBINED = m 3 m m \ & 2192
- . 7 O e ‘& 279.0 1
- e 278.8 1
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Climate Model Replicability: Matrix Plot

Effect sizes replicability test
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Projects

Work and proposals for the EC-Earth community around different projects
* ESIWACE Center of Excellence
* Developing new profiling analysis methodology that can be applied to EC-Earth looking for
new optimizations
* HPC services using tools to facilitate M7 reduced precision
* CPMIP improvement for easier integration and collection
* Horizon 2025-D1-01 and CMIP7
* Proposed a WP to collect CPMIP: EC-Earth will be one key model that we want to support
* Re-do our reproducibility exercise for CMIP7, proving the replicability and stability for our
configurations

* Other tools or activities as profiling could be useful to be applied in this context, please ask
us for collaboration!
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Thank you

AT Generalitat de Catalunya
| | Departament de Recerca
WU i Universitats

Amb el suport del Departament de Recerca i Universitats de la Generalitat
de Catalunya.

El grup "Computational Earth Science (CES)", Grup de Recerca de la
Generalitat de Catalunya amb numero d'expedient 2021 SGR 00785

Xavier.yepes@bsc.es



