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MareNostrum4
Total peak performance: 13,7Pflops

General Purpose Cluster: 11.15 Pflops (1.07.2017)

CTE1-P9+Volta: 1.57 Pflops (1.03.2018)

CTE2-AMD: 0.52 Pflops (1.11.2019)

CTE3-Arm V8: 0.5 Pflops (????)

MareNostrum1
2004 ς42,3 Tflops

1st Europe / 4th World

New technologies 

MareNostrum2
2006 ς94,2 Tflops

1st Europe / 5th World

New technologies

MareNostrum3
2012 ς1,1 Pflops

12th Europe / 36th World

MareNostrum4
2017 ς11,1 Pflops

2nd Europe / 13th World

New technologies

Access: prace-ri.eu/hpc_acces Access: bsc.es/res-intranet



200 Petaflopspeak performance (200 x 1015)

Experimental platformto create supercomputing 
ǘŜŎƘƴƻƭƻƎƛŜǎ άƳŀŘŜ ƛƴ 9ǳǊƻǇŜέ

MareNostrum5. A Europeanpre-exascalesupercomputer

нно aϵ of investiment

Hosting Consortium:

Spain Portugal Turkey Croatia 



Computer
Sciences

Earth 
Sciences

CASELife
Sciences

To influence the way machines are built, programmed 

and used: programming models, performance tools, 

Big Data, computer architecture, energy efficiency

To develop and implement global and 

regional state-of-the-art models for short-

term air quality forecast and long-term 

climate applications

To understand living organisms by means of 

theoretical and computational methods 

(molecular modeling, genomics, proteomics)

To develop scientific and engineering software to 

efficiently exploit super-computing capabilities 

(biomedical, geophysics, atmospheric, energy, social 

and economic simulations)

Missionof BSC ScientificDepartments



Earth Sciences
Environmental modelling and forecasting, with a particular focus on 

weather, climate and air quality

Research
and

Forecasts

Modeling
air quality and

Sand and Dust Storms
Processes from urban to
Global and the impacts

on weather, health
and ecosystems

Climate
predictions
system from

subseasonal-to-decadal
forecasts

Infrastructures Solar
Energy

Urban
development

Transport Wind
Energy

Agriculture Insurance

Service Users Sectors



Design, development, and 
deploymentof Earth science 
modelsin close collaboration

with the scientificgroups aiming 
to understand and better predict 
the behaviour of Earth systems.

Research and development of 
methodologiesand tools that allow  
the runningof scientific models in 

production and taking advantage of 
the increasing availability and 

variety of computing resources.

The Models & Workflows team

Models Workflows



MWT synergies

Performance Data & diags

Models
& 

Workflows



High Performance Computing in Earth Sciences

ÅEarth System Models (ESMs) are sophisticated tools with continuously increasing 
complexity:

ÅMore components of Earth System are included

ÅFiner Spatial and Temporal resolutions

ÅThis increase in complexity could be developed thanks to the important parallel 
advances in HPC



Workflows at BSC-ES

Perf. 
metrics

CVS

Integration 
tests

ContainersUnit tests

Workflow 
managers

ΧΧ

Validation

Data 
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A workflow for ESM experiments

Model setup

ƴ Configure experiment

ƴ Set up platform-specific files

ƴ Prepare run scripts

Deployment on 
remote HPC

Initial data pre-
processing

Simulation
Output data post-

processing
Verification & 
diagnostics

ƴ Post-process / normalize output 

data

ƴ Archive restarts / output files

ƴ Transfer results to local

ƴ Generate diagnostics

ƴ Generate plots

ƴ Find a proper domain 

decomposition

ƴ Run simulation

ƴ Assimilation / synchronize jobs 

ƴ Tar and send model files / 

Synchronize updated files

ƴ Compile the model

ƴ Choose and deploy the initial 

data

ƴ Pre-process initial conditions / 

restarts



Workflow managers: motivation

Workflow managers are essentialto carry out 
production experiments in an efficient way

ωDeal with workflow complexity
ωEnsure robustness& portability
ωUsabilityҦ {ŎƛŜƴǘƛǎǘǎ ƳƻǊŜ ǇǊƻŘǳŎǘƛǾŜ



Autosubmit

A versatiletool to manageWeather

and ClimateExperimentsin diverse

SupercomputingEnvironments:

https://pypi.python.org/pypi/autosub

mit

https://pypi.python.org/pypi/autosubmit


Autosubmitwrapper
Reducing queueing times by wrapping different jobs together



Autosubmitwrappers
Hybrid wrappers



Autosubmit: lessons learned

ÅWorkflows are getting more and more complex

ÅWorkflow managersare required to improve in order to dealwith 
this complexity



Autosubmit visualization

Groupingjobs by date, member, chunk, split; or automatically.

Automaticbehavior:

Collapsing jobs sharing status.

Hide groups:

Showing the more 
relevant information.



AutosubmitGUI



Auto-Models
Autosubmit+ Model source + Job templates + Auxiliary functions + Utilities

Auto-Models



The EC-Earth ESM

Atmosphere:

IFS

Ocean+ICE:

Coupler:



Auto-EC-Earth branching

EC-Earth SVN

v3.2.2

v3.2.3

dev_feature

3.2.2_production

Auto-EC-Earth Git

EC-Earth model  Auto-EC-Earth 

trunk
tr

u
n

k

rXXX-feature

dev_feature



Auto-Modelsdevelopment

master

feature_branch

merge request
and code review

run copy of 
testing suite

reintegrate into master 

master 
update

bugfix
applycode review 

suggestions

ok

not ok not approved 

approved

every Friday: testing suite
running on master

...



Auto-Modelsdevelopment

GitLabboard ς!ƎƛƭŜ άYŀƴōŀƴέ ƳŜǘƘƻŘƻƭƻƎȅ

Merge requests



Auto-EC-Earth testing: release tests
For every version release: run a complete set of tests. Every week: run a smaller set of tests.

nord3 CCA MN4 resolution type details

t02c t00u t00q T255L91-ORCA1L75-LIM3 coupled start from restart

t00v T255L91-ORCA1L75-LIM3 coupled atmos. nudging

t011 T255L91-ORCA1L75-LIM3 coupled sppt

t00s t00o T255L91-ORCA1L75-LIM3 coupled cold start

t01d t00z ORCA1L75-LIM3 nemo cold start

t01j ORCA1L75-LIM3 nemo
cold start

ocean nudging

t01e t00r T511L91-ORCA025L75-LIM3 coupled start from restart

t01o ORCA025L75-LIM3 nemo cold start

t01b t00y T511L91 ifs cold start

t00t t00p T511L91-ORCA025L75-LIM3 coupled cold start



Integration tests: testing suite



Reproducibility

ÅEarthmodels: varietyof spatial resolutions, configurationsandrunningenvironments.

ÅScientificcodesare often in a near-constant state of development as new science

capabilitiesareaddedandrequirementschange.

Å If we want to study the model responseunder some scientific changes,we have to

ensurethat computationalchangesdo not affect the results.

ÅWeneeda method to evaluatethe computationalefficiencyof our models:

ÅWhen the hardware changes, the number of resources or the configuration changes.



Reproducibility



Methodology: EC-Earth CMIP6 case

In comparison:

Å Platforms
Å Compilers
Å Domain Decomposition
Å Model options

Forcing 
Fixed

Cmip and Amip 
simulations

mean
5-member 

range



Reproducibility: Kolmogorov-Smirnov



Methodology



Conclusions: EC-Earth model

Åά{ǘŀƴŘŀǊŘέ flag configurations for performance and FP precision obtain the best results. 

Å-fp-model precise -fpe -no-fma -O2 -xHost-r8

ÅGood performance, good precision, avoid fp errors, catch fpe exceptions.

Å-O2 -xHost-r8 

ÅBetter performance (6%), good precision.

ÅAggressive optimizations(O3, ipo, prof-use) do not improve the performance.

ÅSome issues may avoid additional optimizations (loop dependences, non vectorization, 
atL ƻǾŜǊƘŜŀŘ ΧύΦ

ÅStrict FP control does not improve the precision and reduce the performanceup to 6%-
12%.

ÅUsing approximations for FP operations (no-prec-div/sqrt) do not improve the performance 
and reduce the precision and reproducibility dramatically.



Containerisation

ǒ Common recurrent problem in scientific environments: 
reproducibility between different environments.

ǒ Containers:make possible the virtualization at the operating 
system level.



Containerisation



Containerisation

ǒ Proposed technologies: Singularity and Shifter, both designed to be used in 
HPC environments:

ǒ Main questions:
ƺ What to containerize? The whole workflow, just the model?
ƺ Analyze the impact of containers within the HPC environment. 

¿Computational performance?



MPMD case with singularity - Challenge: isolation level 

ǒ Isolatethe complete environment is complex(network setup, node visibility, 
compiler license, etc). Then:

./mpirun  -np N singularity exec container.img exe1 :  \
-np M singularity exec container.imgexe2

ǒ The executables need bindingdynamic libraries folder and other system 
folders, so the call should be like:

mpirun -np N singularity --bind /apps:/apps /opt:/opt /lib64:/lib64 exec container.imgexe1 : \
-np M singularity --bind /apps:/apps /opt:/opt /lib64:/lib64 exec container.imgexe2...



Performance metrics & performance reproducibility


