Barcelona

Supercomputing 9 EXCELENCIA ( esivwacCce
@ Center %%Vggg B ' CENTRE OF EXCELLENCE IN SIMULATION OF WEATHER

Centro Nacional de Supercomputacion 5 T D CLIATE N EuRore

Making global coupled
15km climate simulations
possible

Miguel Castrillo, Thoma#rsouze KimSerradel] Mario Acosta
Barcelona Supercomputing Center

Glob15knmc Global 15km coupled climate PRACE
simulations PRACE project (ref. 2016163939)




The Barcelona Supercomputi@gnter

To o

To T

Barcelona SupercomputinGenter

Created in 2005; more tha4B0600employees
Research, develop and manage information
technology

Facilitatescientificprogress and itapplicationin
society

Earth Sciences department ¥
Climate

Environmental modelling and forecasting, with a
particular focus onveather, climate and air

qua“ty Computationa
>100people Earth Science

Fundingfrom H2020, COPERNICUS, private
contracts, ESA, Spanish and regigmlernments )



The E€Earth model

(PearTH

N

Ocean - ICE:
NEMO - LIM

NEM: )

Atmosphere:
IFS

S ECMWF

Miguel Castrillo (BSC), PRACEdays19 Poznan, 14/5/2019 3 @ Seperemmputioy
Center
Cenitro Nacional de Supercomputacidn



ECEarth structure

EC-EARTH components () 2o parnerinstiues

— 8 core partners e
KNMI, AEMET, DMI, Met Elreann
FMI, IPMA, CNR-DTA, SMHI

Workgroups
Technical

Tuning i
Atmospheric Composition and Land
Ocean

Millennium scale studies

CMIP6
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Efficiency in Earth Science models B

A Especiallgritical in Earth sciencenodels
A Simulations use a huge amount of computatioresources

Al/O!
A Futuresimulations will need much momesources

~ 7
é. ' @;, s
ORCA2 ORCA s ORCA 1/12 ORCA 1/36
550 MB of memory 47 Gigabytes of memory 414 Gigabytes of memory > 1 Terabytes of memory
8 CPU hours 3500 CPU hours 90 000 CPU hours ~4 000 000 CPU hours
10 Gigabytes of output (daily) 120 Gigabytes of output 1 Terabyte of output (daily ) > 5 Terabytes of output (daily)
(daily)
0.84Mpoints 67.72Mpoints 991M points ~2000M points
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ECGEarthcoupled15km B

ECEarth10km coupled demonstrator for ESIWACE H2020 proje

A IFS(atmosphere)

I T1279L91: ~16km grid point distanc& 1M grid points
A NEMGOLIM (oceanc seaice)

I ORCA12L759%m grid point distancel3.2Mgrid points

A Total 3D spacet,024kM vertices
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Development oECEarth T1279ORCA12

A Developinitial data

A Including OASI8terpolation weight files
A Createnamelistsfor IFS, NEMQIM (XIOS) and OASIS
A Adaptsource codeand existingunscripts
A Introduce required changes in the experimevarkflow

A Scalabilitytests / loadbalancestudies /profiling
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ECEarth T1279ORCA1h MareNostrum3

First global, coupled ~10km simulations (T12-/©ORCA12):

A ECGEarth 3.2(IFS36r4 + NEMO 3.6 + OASIEI) (&’E ARTH:

A 2,035MPItasks- 60 SDPD
A 1,170 NEMO
A 848 IFS
A 16 XIOS
A 1 runoff mapper

e O . & ﬂ!ﬂ.=_ T~
AP chpes (885, T

A MareNostrum3 @ BSC
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First simulations fronEGEarth T1279DRCA12 Bl

First global, coupled ~16km simulations (T127©9RCA12).

$: TN, coupled CRCAIZ-T1279, 3990-03-1%

Left, Global Sea Surface Temperature of the ocean component NEMO. Righteft, regional crop Sea Surface Temperature of the ocean component NEMO.
Global Speed Wind at 10m of atmosphere component IFS. Right, regional crop Temperature at 2m of the atmosphere component IFS.
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MareNostrumevolution

MareNostrumIVin operation sincauly2017

MareNostrumll| MareNostrumIV
Processor Intel XeonE52670 2.6 GHz Intel XeonPlatinum8160 2.1 GHz
#Coresper socket / #Sockets 8/ 2 24/ 2
Memory 32Gb DDR3600 96Gb DDR2667
Interconnection InfinibandFDR1A.0Gb Intel OmniPath100Gb

(1] 4—‘. arRl e
; |
v IT —;- o Hg=

B m vy on—rer—r Hi

MareNostrumlll ¢ 1. 1petaFLOPS
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Deployment for production in MareNostrum4: Tackled issue il

A 1/0 management

I Use of MareNostrumdata-transfer nodes
A Optimal libraries andiependencies
A Come up with atable environment

I OmniPath numeroustests andcollaboration with operationsto

find optimalconfiguration (tmi, PSM2)
I XIOS updatedecrease number afommunications
I Controlling process pinninpetter memory management
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ECEarth T1279ORCA1h MareNostrum4

T1279-ORCA12 scalability at MareNostrum IV
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ECEarth T1279ORCA1h MareNostrum4

Operational global, coupled ~10 km simulations (T120OQRCA12):

(PEArTH;

A EGEarth 3.2(IFS36r4 + NEMO 3.6 + OASNE3])

-0.44 SYPD, 160 SDPD

A 3,209 NEMO

A 1,584IFS |
A 69XIOS 100yearexp
A 1 runoff mapper ~40Mch!!!

A MareNostrumd @ BSC
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An operational EEarth workflow in BSES

Deploymenton

Model setup remote HPC

y'  Tar& sendmodelfiles / y

Synchronizeipdatedfiles ‘ y

y" Compilethe model

y"  Configureexperiment

Yy Set upplatform-specificfiles -

y"  Prepare run scripts

Output post

Simulation )
processing
Yy Findbestdomaindistribution y"  Postprocess normalize
Yy Runsimulation ‘ output data
y"  Assimilation/ adaptive y"  Archiverestarts/ output files
ensembles Yy Transferesults
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Initial data pre

processing

Chooseanddeployinitial data
Preprocesagnitial conditions/
restarts

Verification &
diagnostics

y*  Calculatediagnostics
y"  Generatevisualization

plots
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Running production runs iAutosubmit

Adaptingworkflow for production:data transfer nodes

localhost

— dto1.bsc.es

\ AL
GPFS Mount ‘ NFS Mount

| 104u_18500101_fe00_2_SIM ‘ | 104u_18500101_fc00_1_CMOROCE ‘ | 104u_18500101_fc00_I_CMORATM 1X10 GE I nte rn et 1X1GE

l \ l / /gpfs/home —_— 3.7 PB Archive
dtOl.bsces |7 /Jepfs/archive

04u_18500101_fc00_2_CMOROCE ‘ | 04u_18500101_fc00_2_CMORATM | | t04u_1 8500101_fc00_1_POST | /spfs/projems
{sulsisamch dt02.bsc.es

j Il

| MISSCDlOl_fcw_z_CLEAN| ‘ t04u_18500101_fc00_1_CLEAN |

N <

‘ 104u_I8500101_fc00_2 TRANSFER l |toln_1ssnmm_foou_cmm_mmm | | mlmlﬂl_ﬂ?ﬂ_l_TRANS‘FEll dto 1 . bs C e S
¥ ']
dt01.bsc.es [ oo masees wevmen | [ rerromsance werwcs |
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Running production runs iAutosubmit B

Productionruns: Managing the workflow
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