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MareNostrum4

2017¢ 11,1 Pflops

2nd Europe / 18 World
New technologies

MareNostrum1 d MareNostrum?2 MareNostrum3
2004¢ 42,3Tflops 2006¢ 94,2 Tflops 2012¢ 1,1 Pflops
1st Europe / 4 World 15t Europe / 8" World : 12h Europe / 36 World
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Missionof BSCscientificDepartments

Computer Earth

Sciences Sciences
To influence the way machines are built, programmed To develop and implement global and
and used: programming models, performance tools, regional stateof-the-art models for short
Big Data, computer architecture, energy efficiency term air qualityforecast and longerm

climate applications

" Life

Sclences

To understand living organisms by means of Toﬁnge[[cl)p scnenfﬂc gilo engw;eenng S(;ftl\./;{are to
theoretical and computational methods Eciently SR Ry P A0 11IES

(molecular modeling, genomics, proteomics) (biomedical, geophysics, atmospheric, energy, social

Barcelona and economic simulations)
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Earth Sciences

Environmental modelling and forecasting, with a particular focus on
weather, climate and air quality

Modeling
air quality and Climate
Sand and Dust Storms Research predictions
Processes from urban to and system from
Global and the impacts Forecasts subseasonalo-decadal
on weather, health forecasts

and ecosystems

Service Users Sectors

Infrastructures Solar Urban Transport Wind Agriculture Insurance

Energy development Energy
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The Models & Workflows team

Models Workflows
Design, development, and Research and development of
deploymentof Earth science methodologiesandtools that allow
modelsin closecollaboration the runningof scientific models in
with the scientificgroups aiming production and taking advantage of
to understand and better predict the increasing availability and
Kthe behaviour of Earth systemy variety of computing resources.
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MWT synergies

Models
&
Workflows
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High Performance Computing in Earth Sciences

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

A More components of Earth System are included

A Finer Spatial and Temporal resolutions

AThis increase in complexity could be developed thanks to the important parallel
advances in HPC
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Workflows at BSEES

Integration Validation
tests

Workflow Perf.
managers metrics
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Our workflow
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A workflow for ESM experiments

Centro Nacional de Supercomputacion

Deployment on Initial data pre
Model setup ploy P
remote HPC processing
Y Configure experiment - y*  Tar and send model files / » y"  Choose and deploy the initial
y Set up p|atf0rnqspecific files SynChronize Updated files data
Y Prepare run scripts y' Compile the model Yy Preprocess initial conditions /
restarts
: : Output data post Verification &
Simulation : : :
processing d|agnost|cs
y"  Find a proper domain y'  Postprocess / normalize output Yy Generate diagnostics
decomposition - data y Generate p|0ts
y Run simulation y"  Archive restarts / output files
Assimilation / synchronize jobs y Transfer results to local
(( Barcelona
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Workflow managers: motivation

Workflow managers aressentialto carry out[ % Deal with workflowcomplexity

) . : . —¢0 Ensurerobustness& portability
production experiments in aafficient way > Usabilitylh { OASydAatGa Yz
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Autosubmit

Aversatiletool to manageWeather HPC RESOURCES
EXPERIMENT EXPERIMENT : MARENOSTRUM 3
and ClimateExperimentsn diverse rooL E ooy [ ]
. ARCHER
. . ITHACA
Supercomputindg=nvironments

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

L
ﬁ wiw— |.I_LI_LLlZl.
[Fm==]
ol FAEDOEL WL
= s 4 1om
= L e
U r 00y MIOCOE,_RE_T jns rwmm'

1 nde 5 Er e
l I Ilt SOLTERS ' [ : [ | w
—{ COMMAND LINE INTERFACE E@@— BATCH SYSTEMS
SGE/GE

JOB ,'t‘ PBS/TORQUE

SUBMIT gl. ‘ SLURM/MOAB

ENGINE &, o . 2 F LSF
; ‘ - LOADLEVELER

STORAGE AREA

RAUTOSUBMIT | -

DATABASE ol EXPERIMENT ‘HH!! ‘gEH
BACKEND = REPOSITORY
. —

Barcelona

Supercomputing
Center
Centro Nacional de Supercomputacién

@


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

Autosubm

itwrapper

Reducing queueing timelsy wrapping different jobs together

|~ ' ‘
: | abI0_20000101_fc0_3_POST | L ||Dln_2m10!_ft‘0_2..CL£AN I
|l
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'
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Autosubmitwrappers
Hybrid wrappers

a010_20000101_fc0_INI a010_20000101_fc1_INI

a010_20000101_fc0_1_SIM

g s

#010_20000101_fcl_1_SIM

S

a010_20000101_fc0_2_SIM a010_20000101_fc0O_1_POST

i —

a010_20000101_fel_1_POST a010_20000101_fcl 2 SIM

i —

a010_20000101_fc0_2_POST 4010_20000101_fc0_1_CLEAN

S

a010_20000101_fcl_|_CLEAN a010_20000101_fel 2_POST

______________________ - —

1 1 1!
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__________________________________ \ / l
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Autosubmit: lessons learned

CooEOmOme

PRIER P o g S

AWorkflows are getting more and mom®mplex

AWorkflow managersare required toimprove in order todeal with
this complexity
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Autosubmitvisualization

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

IUNKN()WNI |WAlTING| IREADY| |susMn‘1'BD| |QUEU!NG| - COMPLETED - | SUSPENDED

a013_LOCAL_SETUP

ZOOOOIOI_[c()ID | a013_20000101 _fc1_INI | | a013_20000202_fc0_INI |

Automatic behavior:
Collapsing jobs sharing status.

[dl 13_20000202_fc0_1_SIM I | 20000202 _fcl

I a013_20000101_fc1_2_SIM | | a013_20000202_fc0_1_POST l | mooom_&o_z'D

| a013_20000101_fc1_1_CLEAN | | a013_20000101_fc1_2_POST | | 20000101_fcl_3|D | a013_20000202_fc0_I_CLEAN | | 20000202_1'00_SID

l a013_20000101_fcl 2 CLEAN |

Hide groups:

S h OWi n g th e m 0 re |m:.mm_lco_u:|.em | |.o|3mo|o|_m_4_pos'r | |.o|:.:am|o|_a-|_1_cmn | | nl!_ml?_ﬁ-l_ﬂml
re I evant i nfo rm ati 0 n ] |n|:_mm|_|z-|_.|,cmn| |m3_:mm|o|_re|,u'osr | |n|:_annmmg,m_| |CLEAN | |n|3,mm_m,|z_ms‘r |

| 201320000202 fc0_10 CLEAN | |nlsmm_luosr |
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Autosubmit GUI

a142

ORCA12-T1279 spin-up : a17z restart for the ocean, perpetual year owner: 1946 tarsouze Last Modified: 2019-09-21 18:29:59
1950 Path: fesarchive/autosubmit/al42 Last Access: 2019-10-13 16:47:27
Version: 3.9.0 SleepTime: 10 Pkl: 1568162245

Model: hitps:fearth.bsc.es/gitlab/es/aute-ecearth3.git Branch: 3.2.2_Primavera_production_T1279-ORCA12

Show Tree View Show Graph Group By

Job Name (e.g. fc0_1_CLEAN)

Hpe: marenestrum4

Max children: 3 | Max parents: 2 | Total #Jobs: 3013

‘U ) a142_19500101_fc0_602_SIM
) >._/ ) ’ Date: Sun, 01 Jan 1950 00:00:00 GMT

vz 10 s saecs

Section: SIM
)C) \O Platform: marenostrum4

e mand @ 5 ; m enuns e Q\ s mmn m\;\m B Processors: 5040 Wallelock: 07:00
\\ \ Level: 605 out: 3 In: 2
- \Q \O status: FAILED
sz semmms v O T T g
\ N N
T e .

2 MEMLOL B0 M1 SAVECE a3 1S000L G ASROOST WG MSOILOL O SOENCLEAN  alid LOSII0L 0 S TPUNSTER

.
. \‘\

-

wo wsnol o am Post aro wsend e so POST o UEMI G0 e SECS w0 RONNL KO M0 CLEAN L2 1E0OI0L e S0 TAANSTER

e

I
&

wve 1mnowilie on cman al 108010, fe_am_mRarerER

Ready - Queue - Completed - - Unknown Press the button so see the latest job with that status
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Auto-Models

Autosubmit+ Model source + Job templates + Auxiliary functions + Ultilities

&Y
rof &
CALIOPE

Auto-Models

i)
IV T OSIIEBEMITY
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The E€Earth ESM

Ocean+ICE:

Atmosphere:
IFS

< ECMWF

aw”

EC-EARTH components (ﬁ)

:mlm
percomputi
Conter Coupler

Centro Nacional de Supercomputacién
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Auto-ECEarth branching

ECEarth model Auto-ECEarth
[
v323'
dev_feature &———————————————————— e dev_feature
rXXXfeature
4
c
=
v3.2.2
¢ —— - 3.2.2_production
ECEarth SVN Auto-ECEarthGit
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Auto-Modelsdevelopment

apply code review

bugfix suggestions
v G | tLa b notok {+ § r 1} not approved
&

ok
master » run copy of - merge request

update testing suite andcode review

ia l approved
Jenkins
reintegrate into master
omm) O )

feature_branch
2 every Fridaytesting suite

running onmaster
master

m)Omm) Ommmm) 0 m) O )

Supercomputing
Center
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Auto-Modelsdevelopmen

~ Open m76 + [ to do D4 + working on D22 + testing ma +

migrate experiment test DT commands improvement POST & CLEAN templates & Plugins refactory DASIS INI member
: ap working on testing
' #3894 ' #936 ' #950 '

POST and CMOR failed a1ké in trunk DT logfiles should be deleted on successful SYNCHRONIZATION -if project folder doesnt exist, SYNCHRONIZATION
[ bug ;pfer:;i':: i::d they would always have Earth group override UPDATE_MODEL o
£769 3 Feb 28 ' s working on '
#0931 e "

8827 '
Add group permi in fexp/ rth To test Earth Diagnostics in a test experiment for
[EXPID/original_files/ Add capabilities to run tm5 (chemistry and integrating EarthDiags in the weekly testing suite
add test case to simplify runtime aerosols) within auto-ecearth testing
£756 0  to doJ working on #799 1 Jan14 0

#431 @ #867
NRCP value is nc used in the config run xml file make inidata and IC version model dependent
566 @ POST: IFS output dir (SIFSRESULTS) for reproducibility 3.3.1 testl

; h ng

experiment Sexpname does not exist! working on os a

a» oD wo0s ® ’
add AS CMIP6 and MACv2SP variables to #789 .
proj_ocx.conf and runtime templates M tc

e¢ auto-ecearth on CCA (with support for external e rge req u eS ~
@ add new checks in common.localsetup users)

[ to do ] working on

a7 (5] #928 ®
unification of autosubmit and classicr .

It

(https://dev.ec-earth.org/issues/297) rl Request to merge Z.lBlT-dev.eLopment-CL..‘ O into trunk Open in Web IDE Check out branch & -
SYNCHRONIZE doesn't remove obsolete remote reproducibility test case The source branch is 2 commits behind the target branch
#1117 r.:4 files working on

[todo X new feature ) 4682 {a

@ [ Delete source branch l:JSquash commits @

GitLabboard¢! At S AaYIl yol yé YS§KgRZtggg: e

You can merge this merge request manually using the command line

0 g0 ©
| Discussion 19 Commits 47  Changes 12 Show all activity + @ 6/6 threads resolved
Barcelona
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Center
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Auto-ECEarth 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 tOOu t00q T255L9I10RCA1L7BIM3 coupled start from restart
tOOv T255L910RCA1LL7#5IM3 coupled atmos. nudging
t011 T255L910RCA1LL7#RIM3 coupled sppt
t00s t00o0 T255L910RCA1LL7#RIM3 coupled cold start
t01d t00z ORCA1L7kIM3 nemo cold start
t01] ORCA1L7EIM3 nemo OCZZ‘: :Lzr;ing
tOle toOr T511L910RCA025L7BIM3 coupled start from restart
t01lo ORCAO025L7BIM3 nemo cold start
t01b t0O0y T511L91 ifs cold start
tOOt t0O0p T511L9I10RCA025L76IM3 coupled cold start

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacién



Integration tests: testing suite

& Jenkins
Jenkins
= New ltem
&‘ People Al +
= Build History ] w Name | Last Success Last Failure Last Duration
, Project Relationship - aind N/A N/A N/A
4= Check File Fingerprint o Auto-CALIOPE testing sulte 4 days 13 hr - #18 5 days 22 hr - #16 8 hr 8 min
* Manage Jenkins g
- @ auto-ecearth HR 10 years 1day 22 hr- #3 18 hr - #5 8 hr 40 min
4. Credentials - .
0 Auto-MONARCH weekly tests 2 days 3 hr - #57 13 days - #53 7 hr 59 min
BE New View
0 Auto- ARCH weekly t - ONLY PREPR 2days 2 hr- #21 1 mo 20 days - #1 2 hr 49 min
EaE e = “ Auto-MONARCH weekly tests - ONLY SIM 1.day 23 hr - #22 4 days 13 hr - #21 3 hr 9 min
nord3 CCA MN4 resolution type details
start from
t02c t00u t00g T255L91-ORCALLTE-LIM3 coupled restart
toowv T255L91-ORCAILILTS-LIM3 coupled ATM nudgin
to11 T25EL91-ORCALLTE-LIM3 coupled sppt
t00s t00o T265L91-ORCALLTE-LIM3 coupled cold start
t01d tooz ORCALLTS-LIM3 nemo cold start
) cold start
- to1j ORCAILLVS-LIM3 nemao )
ocean nudging
G I t | a b start from
t01le toor TE11L91-ORCAQ2ELT5-LIM3 coupled
restart
tolo ORCADZELTE-LIM3 nemo cold start

t01b to0y TE11L91 ifs cold start

gmelona i to0t toop T511L91-ORCAD25L75-LIM3
coter " RN OIS AIEINIIY

Centro Nacional

coupled cold start




Reproducibility

A Earthmodels variety of spatial resolutions configurationsand runningenvironments

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

capabilitiesare addedandrequirementschange

A If we want to study the model responseunder some scientific changeswe have to
ensurethat computationalchangesdo not affectthe results.

A We needamethod to evaluatethe computational efficiencyof our models

A When the hardwarehanges, thewumber ofresources or the configuration changes.
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Reproducibility

Accuracy
(be close to_a reference)

N\

Performance Accuracy & Reproducibility

<€ <
Speed FP Precision

Performance - Improves using optimization methods but reduce
Reproducibilityand Accuracy.
Reproducibility & Accuracy - Improve using control methods but
reduce Performance.

[\

Reproducibility Performance
(be similar across configurations) (use resources efficiently)

Find options to control the tradeoffs among accuracy,
Barcelona . o
Supercomputing reproducibility and performance.

Center
Centro Nacional de Supercompuracion
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Methodology: ECEarth CMIP6 case

Forcing Cmip and Amip

20-yr long, 5-member, ., ' simulations

Allows to measure

Centro Nacional de Supercomputacién

Allows to look at differences due Working under Addresses the
impact of machine on  parqware as  Stationary conditions  proplem from a
possible in the case of variability dependence of suitable to give
1-yr simulations) hardware impacton  recommendations
the mean state for CMIP6
In comparison:
___ 5-member
mean === il cearding v 8 Kolmagoror-Smimor ot (1% o 4 polns show a sgnifcan diersneey
A Platforms | - e >
A Compilers )
A DomainDecomposition | ¢ | s
A Model options TR
- T T “.‘ T T gﬂ 20E 40E 60E 80E 120E 160E 200E 240E 280E 320E
1950 1955 1960 1965 - D
Barcelona
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Reproducibility: Kolmogoros&mirnov

nsss difference between S-member experiments cac and mac. Black doted regions indicate where the difference

E is significant according to a Kolmogorov-Smirnov test (13% of grid points show a significant difference)
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Methodology

Performance
(no-prec)-O3 -xHost -r8 -ipo -prof-use -no-prec-div -no-prec-sqrt

(prof-use)-O3 -xHost -r8 -ipo -prof-gen — -O3 -xHost -r8 -ipo -prof-use
(ipo)-O3 -xHost -r8 -ipo

(03)-O3 -xHost -8

(02)-0O2 -xHost -8

(no-fma_fz)-O2 -no-fma -ftz -r8

(fp-except)-O2 -fp-model except -no-fma -ftz -fpe0 -r8

(fp-precise)-0O2 -fp-model precise -fimf-arch-consistency=true -no-fma
-fpe0 -r8

(fp-strict)-O2 -fp-model strict -fimf-arch-consistency=true -no-fma -fpeO -r8
(01)-O1 -fp-model strict -fimf-arch-consistency=true -no-fma -fpe0 -r8

Accuracy
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Conclusions: EEarth model

Aa{ (I y g ddRdurations for performance and FP precision obtainkibst results
A -fp-model precisefpe -no-fma-02-xHost-r8
A Good performance, good precision, avficerrors, catcHpe exceptions.
A -O2-xHost-r8
A Better performance (6%), good precision.
A Aggressive optimization§03,ipo, prof-use)do not improve the performance
ASomeissues,‘ngy avoigbddjtional optimizations (loop dependences, non vectorization,
atlL ZOSNKSIFIR X000
A Strict FP control does not improve the precision and reduce the performamgdo 6%
12%.

A Using approximations for FP operations{rec-div/sqgrt) do not improve the performance
and reduce the precision and reproducibility dramatically.
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Containerisation

Common recurrent problem in scientific environments
reproducibility between different environments.

Containersmake possible the virtualization at the operating
system level.
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Containerisation
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Containerisation

<

65 Proposed technologiesSingularity and Shifter, both designed to be used Iin
HPC environments:
&2/ N
s Main questions
; What to containerize? The whole workflow, just the model?

; Analyzehe impact of containers withithe HPC environment.
¢, Computational performance?
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MPMD case with singularity Challenge: isolation level

5 Isolatethe completeenvironmentis complex(network setup, node visibility,
compilerlicense etc).Then:

Jmpirun -np Nsingularity exec container.imgxel :\
-np M singularity exec container.imgxe2

5 Theexecutables neebinding dynamiclibraries folder and other system
folders, so the call should be like:

mpirun -np N singularity-bind /apps:/apps /opt:/opt /lib64:/lib64 execcontainer.imgexel :\
-np M singularity--bind /apps:/apps /opt:/opt /lib64:/lib64 execcontainer.imgexe?2...
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Performance metrics & performance reproducibility

Climate predictions have complex workflows.
New metrics are needed to evaluate —jp»-
the computational efficiency.
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