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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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EC-Earth 4

EC-Earth 4 is a next-generation European Earth-system model that integrates atmosphere, ocean,
land, and biogeochemical components to produce more realistic and flexible climate simulations.
The purpose is to simulate the key physical, chemical, and biological processes of the Earth
system in order to better understand climate variability and improve predictions of future climate
change.
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The workflow manager avrosussir

s :.: g
Autosubmit is a lightweight workflow manager designed to meet climate research necessities. Unlike other workflow e ;&lﬁ:’-'
solutions in the domain, it integrates the capabilities of an experiment manager, workflow orchestrator and monitor in a "
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Automatization

Meta-scheduling

Task dependencies

High-level config

Automatic retries

Robustness

Scalable database

Vanage multiple
hosts

Auto-recovery
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self-contained application.

Interoperability

Multi-platform

Efficiency

Custom granularity

Single point of access

Dyn. task aggregation

Python

Performance metrics

Web GUI

Traceability

Workflow database

Monitoring

Real-time status

Vianage multiple
hosts

Workflow statistics

Auto-recovery

Task logs
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CPMIP: The impact of EC-Earth

The computational and energy cost of simulation
and storage for climate science: lessons from CMIP6

Mario C. Acosta E5, Sergi Palomas &3, Stella V. Paronuzzi Ticco, Gladys Utrera, Joachim Biercamp, IR RRRNR Rt
Pierre-Antoine Bretonniere, Reinhard Budich, Miguel Castrillo, Arnaud Caubel, Francisco Doblas-Reyes,

Italo Epicoco, Uwe Fladrich, Sylvie Joussaume, Alok Kumar Gupta, Bryan Lawrence, Philippe Le Sager,
Grenville Lister, Marie-Pierre Moine, Jean-Christophe Rioual, Sophie Valcke, Niki Zadeh, Scan for DOI!

and Venkatramani Balajl
s
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Years Simulated: 38 854
Core-hours: 46,36 * 10°

Energy: 1,24 * 10" )

Carbon Footprint*: 165 tons of CO,

Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Waterstaat
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CPMIP: What s it?

Provide standardized metrics to assess the computational performance of climate models (ESMs).

Identifying efficiency, energy costs of ESMs.

Make climate science more efficient, sustainable, and
globally comparable.
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CPMIP: Why automate?

The computational and energy cost of simulation
and storage for climate science: lessons from CMIP6

Mario C. Acosta &4, Sergl Palomas &4, Stella V. Paronuzzi Ticco, Gladys Utrera, Joachim Biercamp, ii i : (i1 eiiii .
Pierre-Antoine Bretonniere, Reinhard Budich, Miguel Castrillo, Arnaud Caubel, Francisco Doblas-Reyes,
Italo Epicoco, Uwe Fladrich, Sylvie Joussaume, Alok Kumar Gupta, Bryan Lawrence, Philippe Le Sager,
Grenville Lister, Marie-Pierre Moine, Jean-Christophe Rioual, Sophie Valcke, Niki Zadeh,

and Venkatramani Balaji

Drawbacks

Lack of resources and timeto  Non-tech people have to Errors and differences in the
collect metrics after CMIP learn the definition of the collection of the
experiments. metrics. performance metrics.
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CPMIP: How to Automate?

v

a2me_19900101_fc0_1_SIM

Temporal chunk job running the simulation.

v

a2me_19900101_fc0_1_MONITOR_RESOURCES

Monitors simulation performance.

¥

O

a2me_19900101_fc0_1_PERFORMANCE_METRICS Computes CMIPs metrics.

O‘

a2me PERFORMANCE_METRICS SUMMARY Performs cross-chunk analysis.
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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)
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https://doi.org/10.5194/gmd-17-3081-2024

Load-balance for Coupled ESMs

Auto Load-Balance Workflow

- Atool to automatically minimize the performance loss on

the coupling for ESMs by:
- Minimizing synchronization cost

- Finding a good resource configuration for the
components based on specified Energy-to-Solution /

Time-to-Solution criteria

- Easy to adopt by the climate community — integrated into

climate workflows, directly compatible with OASIS Coupler

- Tested portability to HPC platforms (HPC2020, MeluXina,

@

MareNostrum 4, MareNostrum 5)
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Profiling and optimization: TBB Huge Pages on MN5

Average performance improvement using Huge Pages: +7,09%

70
—8— huge_pages

—0— default
60 A

50 A

40 -

SYPD

30 A

20 A

10 A

55 69 83 97 111 125 139 153 167 181 195 209
Number of MPI Processes * 8 OpenMP Threads

OIFS TL255 scalability in MN5 using HP export vs not using it
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Profiling and optimization: OpenMP affinity on HPC2020

Degradation of performance on some OMP binding settings.

OpenMP Threads binding is already the default in EC-Earth4 and provides best in performance together
with the Cores binding.

—&— omp-cores-true
301 _
—0— omp-sockets-true
—8— omp-threads-true
25 | —@— omp-nobind
20 1 //
o
=
n 15 A
10 ~
5_
O T T T T T T T T
159 191 223 255 287 319 351 415

Number of MPI Processes * 4 OpenMP Threads

OIFS TL255 scalability in HPC2020 using different OMP binding settings
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Profiling and optimization: Tracing

Preliminary profiling of EC-Earth 4 on MN5 running TL255L91 and eORCA1.
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APP: Why?

Each time there is a change to a model, we have to run the same tests to check
its performance.

The Automatic Performance Profiling (APP) aims to automate this repetitive
tests, allowing developers to know what is the performance and if there is any
issue know where to look.

It is meant for any user since it reports basic performance metrics (like SYPD)
and also advanced metrics (like PAPI, MPI...) for performance experts.
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APP: Overview

APP is implemented using Autosubmit 4 as a workflow manager to be
user-friendly since it has features like GUI support.

It supports multiple models:

- EC_Ea rth 4 ECE4 pe:fo:nTalnce report
- NEMO 4.2.1
- HPCW 3.0: NEMO 5 benchmark ©

- MONARCH (in development)

Portable across HPC platforms, currently:
- MN5
- HPC2020

Check example reports here
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https://automatic-performance-profiling.readthedocs.io/en/latest/examples.html

APP: Performance test types

The APP’s workflow is divided in 5 different tests, that provide different insights
on the model’s performance.

PERFORMANCE

These tests are: TEET
—> SIM 1 —
- Hardware Benchmarks
- Compilation Efficiency R piCTIONARY
- Weak Sca“ng COMPILATION L5 TPOOOSI:I'S ] pARSER > CURATION > REPORT
- Strong Scaling

Tracing

—> SIM N —
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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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