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BSC Earth Sciences Department

What

Environmental forecasting

How

Develop a capability to model air quality processes
from urban to global and the impacts on weather,
health and ecosystems

Implement a climate prediction system for
subseasonal-to-decadal climate prediction

Develop user-oriented services that favour both
technology transfer and adaptation

Use cutting-edge HPC and Big Data technologies for
the efficiency and user-friendliness of Earth system
models
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Why

Our strength ...
... research ...
... operations ...
... Services ...
... 60 people ...

Climate
prediction

Earth system
services Ve

Atmospheric
composition

Computational
Earth sciences
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Computational Earth Sciences Group (@) & 9
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» Multidisciplinary team with different IT profiles

e Currently, 17 members
— 2 Managers
— 10 engineers
— 2 Postdoc
— 1 PhD student
— 1 Master student
— 1 Intern
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-] Performance Team
i | = Provide HPC Services such as performance analysis or

optimizations for parallel computing

] . Apply and develop new computational methods
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Performance activities
Collaboration with computer sciences MPI communications optimizations
department

Reducing p2p and collective
BSC performance tools communications overhead

Exclude land processes in NEMO Explore mixed precision

Finding an optimal domain decompaosition Which precision is needed in NEMO?

~— Potential overall
Improvement:
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: M e M. Castrillo (BSC)
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+| Performance Team
i | = Provide HPC Services such as performance analysis or
{ optimizations for parallel computing
4 » Apply and develop new computational methods
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Data and Diagnostics Team
 Big Data in Earth Sciences
* Provision of data services
* Visualization
y,
4 p
.
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» s2dverification

— Set of tools to verify forecasts through the computation of typical
prediction scores against one or more observational datasets or

reanalyses
s2dverification package @
@ _ | |+ Supports datasets stored = BASIC STATISTICS
—_— .
————> locally or in ESGF € I
(OPeNDAP) servers.
LOCAL . Exploits multi-core = E;:::&is
STORAGE | capabilities
. APl available 1 L
- Collects observationaland | [ g S S S 2 2

experimental datasets
stored in multiple

ESGF NODE conventions: = =N
or . NetCDF3, NetCDF4
OPeNDAP . Supports specific folder
SERVER and file naming

convventinnc
CUITITVTTILIJVI 1o,

N. Manubens (BSC)


https://cran.r-project.org/web/packages/s2dverification/
https://cran.r-project.org/web/packages/s2dverification/
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Online diagnostics for climate models (@ & Qur
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Current approach: offline diagnostics

: Diagnostics . .
HPC Model Serial node ..‘
outputs ‘
Fut o ine di y Users need
. uture approach: online diagnostics diagnostics
Climate Models ’%O for their
analyses
Model [ : .9
outputs | Diagnostics ..‘

* Diagnostics computed as Analytics as a Service
— Diagnostics online (during model run)
— Reduced data traffic
— Diagnostics possible on the computing nodes
— New diagnostics (data mining of extremes) possible

— The user gets the results faster, crucial to adapt to climate change
and to develop climate services (public and private)

J. Vegas (BSC) 8



Structure

9 E%(‘F;:EFEENCIA
SEVERO
Barcelona . s
Supercomputing )

Center

Centro Nacional de Supercomputacion

N
| Performance Team
1 * Provide HPC Services such as performance analysis or
{ optimizations for parallel computing
4 « Apply and develop new computational methods
Y,
(] ] \
Data and Diagnostics Team
 Big Data in Earth Sciences
 Provision of data services
* Visualization
y,
)

Models and Workflows Team

« Development of HPC user-friendly software framework

« Support the development of atmospheric research
software
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Data and computing infrastructures for @ 0z
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climate modelling

enes 0 IS-ENES : Infrastructure for ENES IS-enes ‘(/’ ,

EURDPEAN KETWORK
FOR EARTH SYSTEM MOBELLING

IKFRASTRUCTURE FIR THE EUROPERR HETWORK
FOR EARTH SYITEY HOBELLING

FP7 project « Integrating Activities »

http://enes.org/ http://is.enes.ovg/

1t phase: March 2009- Feb 2013, 18 partners
2nd phase: Apr 2013- March 2017, 23 partners

Climate models High-performance computers

Envu'_qnment software tools C > ( & storage facilities
ESM ca 1000 man years

Data & metadata
Standards
Distributed database ESGF

10 000 registered users worldwide
Open access J

I )
Climate research & Impact research
Climate services

15 2 3 4 5 T 8 N

Support WCRP international experiments

Used in IPCC Assessments Reports

10
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Models and workflows
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Why are we doing research on

workflows ?

E%({Z}::EF%ENCIA
SEVERO
Barcelona ] s
Supercomputing )

Center

Centro Nacional de Supercomputacion

Explain observed problems

What is wrong with the
existing model?

ﬂ:nmer hypm :

7 —_D l::.’?
Model Develup Run
Weakness Hypothesis Experiment

Analyse results:

New Model
Version

old vs. new
Interpret
Results
™ |
S ?L Not
27y O oV i
A ,:'..‘ti.-;L-I
- 2 J
Peer
Review
10

5. Easterbrook, from 1st WS on WF
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Restructured: Develop /
Change
Scientific

Hypothesis

Processing WF

Prepare
Model
Experiment

Analysis by

Community

Data WF

Data Distri-
bution

Execute
Experiment

Manage-
ment of
Output

13
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Processing and data workflows @@=
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Develop /
Change
Scientific
Hypothesis

Restructured:

Processing WF

Analysis by P:;;P::
Community Experiment

Data WF
e \What files

or environment
it needs to run ?

Execute
Experiment

Data Distri-
bution

Manage-
ment of
Output

e \What it produces ?

e \When it might

need to run ?
14
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Multiple High Performance Computing CC

Ce te
Centro Nac

Infrastructures

Computing resources funded by: National / EU / International
projects

ﬁ \U.5. DEPARTMENT OF ENERGY

Copynght 2013, Barce 1cr|auup+_r omputing Center < BeG

15
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Workflow Management Systems for @m Qe

weather and climate

Criteria Autosubmit Cylc ecFlow

Seniority 2011 2010 2011

Original IC3, BSC NIWA, Met Office ECMWF
authors/sponsors

License GNU GPL v3 GNU GPL v3 Apache License v2.0

Report available here:

D. Manubens-Gil, J. Vegas-Regidor, C. Prodhomme, 0. Mula-Valls and F. J. Doblas-Reyes,
"Seamless management of ensemble climate prediction experiments on HPC platforms”,
2016 International Conference on High Performance Computing & Simulation (HPCS),

Innsbruck, 2016, pp. 895-900. doi: 10.1109/HPCSim.2016.7568429

16


https://goo.gl/IKqIjV

Autosubmit in a nutshell ...

Autosubmit

17
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@EARTHS 1981 2015
................—

1st Jan 1st Jan

4 members :E ;

Computing cost: ~ 12000 CHPSY

10 years

18
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Autosubmit monitoring G e

WAITING READY SUBMITTED: QUEUING

COMPLETED | -

mi2g_localsetup

¥
mi2q remotesetup

= e sy — =
L101 Fc? ini 1 mi2g 19651101 fcd_ini | m02q 19701101 foll ini —[ mi2q 19701101 fcl_ini __"| mi2q 10701101 fe2 ini
[ 1 . -
Y Y B e
[ mi2q 10651101 fed 1 sim [ mi2q 10701101 fcd 1 sim m0Zq 19701101 fel 1 sim mi2
‘f’f‘-’f L \ 1 T
mi2q 19651101 fcd 1 post mi2q 19701101 fcd 1 post m02q 19701101 fcl 1_post moZc

/ 1 ,

WiZq 10651101 fcd_1_clean | | m2q 19651101 fcd_2_sim mii2q 10701101 fcl 1 clean | | mD2q 19701101 fol 2 sim | |mb2q

| y
e
mi2q 10651101 fed 3 sim | | mD2q 10651101 fcd 2 post mi2q 19701101 fc0_3_sim \ mi2q 19701101 fcl_3 sim | | m02q 19701101 fcl_2 post
¥ | r E 1 |
mi2q 19651101 fod_3 post ‘ m02q 19701101 0 3 post | |m02q 19701101 &0 2 post | | mO2q 19701101 fcl 3 post |

| |
¥ L ] i ¥ 1
m02q 19651101 fcd 3 _dean I m02q 19651101 fo4 2_cean | | m02q 19701101 fc0,3_cean | |m02q 19701101 fc0 2 clean | | m02g_ 19701101 fcl 3 clean | | m02q 19701101 fcl_2 dean

S e e

|m:rq,;m1w1 _,i:-i_hm| | rrﬂ!q_lﬂ?ﬂllﬂl_ﬂ:ﬂ_h’msl | mii2q_19701101_fcl_trans |

19



Multi-model multi-member climate porcene Q25
experiment workflow :

Centro Nacional de Supercomputacion

4 members 4 members

10 years
10 years

Report available here:
Experiment run from BSC, CERFACS, SMHI on MareNostrum 3

20


https://goo.gl/TNv3uJ
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Al EC_EARTH_LOCAL SETLP ‘ AN ARPEGE NEMO_LOCAL SETUP ‘

‘mlﬂ_lmlﬂl_ﬁ:ﬂ_lﬂjﬁnmm ‘ ‘iﬂlﬂ_!g‘mlﬂl_j: 1_1_EC_EARTH_SIM ‘ | AVl 1S4930101_fe0_]_ARPEGE_NEMO_SIM ‘ ‘ A10_19930001_fc] 1 _ARPEGE_NEMOD_SIM ‘
/ Al 130100 fc0 2 EC_EARTH_SIM ‘ ‘ 10 19930001_1 2 BC_EARTH SIM ‘ ‘mm_l@m!nun_!mmu}mm ‘ | Al 1S40100_fe0 2 _ARPEGE_NEMOD_SIM ‘ ‘anm_mm!_tl_lmmu}mm ‘ ‘ A110_19930101_fel 3_ARPEGE_NEMO_SIM ‘

a0l0_19930101_fel_1_BC_EARTH_POSTPRO \‘ ‘ ) 10_199M0000_k0_2 EC_EARTH FOSTPRO L ‘anm_:mmucl_l_sc_smmmo ‘ ‘mm_mmnu::_uc_mm_mmo ‘ ‘aam_wmlnucmmm_mm_mm a0l0_19930101_k1 2 ARPEGE _NEMO_POSTFRO ‘

a03p

Queued (h) il
Run (h)

Failed jobs (#)
Fail Queued (h)
Fail Run (h)

Max wallclock (h)

12+

1.0F

0.8

hours

# failed jobs

Period: None ~ 2016-01-29 20:16:00 e

Submitted (#): 93 = 1

n 1 1 1 1 W3l

Failed (#): 26 z = z = £ : : 5 = 5 = 5
Completed (#): 67 é: 5: 5: é: 5: 5: é: El %J 51 5 3
Expected consumption real (h): 40.0 2 g 2 g g . g o ) g‘ E' ;
Expected consumption CPU time (h): 24400.0 § % § % ?: § § § § g é é
Consumption real (h): 23.13 5 g g é’ é' 5 g g g i :i" i
Consumption CPU time (h): 14107.61 - - ’ ; N ; ; ; ” " " =
Consumption (%): 57.82 21
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Prepare an experiment
step-by-step with Autosubmit

B EE E o



Example

1- Configure Autosubmit

2- Run 2 months simulation (199311-199312, hindcast)
3- Post-process

4- Transfer results locally

23
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Configure Autosubmit @ = Pur

1. Replace your user-ID in the ~/.ssh/config in the following lines:
Host mn3

HostName mnl.bsc.es
User <mn3 user-ID>

IdentityFile ~/.ssh/id_rsa

2. Now check you can login to MN3 without password. To do it, run the next command:

[ $ ssh mn3 ]

3.  First step: create EC-Earth experiment

[ $ autosubmit expid -y a@@@ -H marenostrum3 -d “Test for EC-Earth & Autosubmit training” }

Now you can check that in ~Jautosubmit there is a new folder named ‘a002’ that will be the one that will store your

experiment configuration and monitoring files.

4. Configure platform. You have to edit the file: ~/autosubmit/a002/conf/platforms_a002.conf with your prefered text

editor. You will have to use this configuration:

f [marenostrum3] \

TYPE = LSF

HOST = mnl.bsc.es

PROJECT = nctol

BUDGET = nct@l1:ESE

USER = user-here

QUEUE = training
SCRATCH_DIR = /gpfs/scratch

\\\‘ PROCESSORS_PER_NODE = 16 4///24
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5. Configure jobs. Now you need to configure the workflow. To do that, edit the file: conf/jobs_a002.conf.

[LOCAL_SETUP]

FILE = runtime/autosubmit/copy-runtime.sh
PLATFORM = LOCAL
[POST_OCE]
[SIM] FILE = runtime/autosubmit/post-nemo-cmor.sh
FILE = runtime/autosubmit/ece-ifs+nemo.sh DEPENDENCIES = SIM
DEPENDENCIES = LOCAL_SETUP SIM-1 RUNNING = chunk
RUNNING = chunk WALLCLOCK = ©00:10
WALLCLOCK = 01:00 PROCESSORS = 1
PROCESSORS = 130
CHECK = False [LOCAL_TRANSFER]
FILE = runtime/autosubmit/transfer.sh
[POST_ATM] PLATFORM = LOCAL
FILE = runtime/autosubmit/post-ifs-cmor.sh DEPENDENCIES = POST_ATM POST_OCE
DEPENDENCIES = SIM RUNNING = member
RUNNING = chunk
WALLCLOCK = 00:20
PROCESSORS = 1

25
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6. Autosubmit create. This command prepares the experiment to run.

[ $ autosubmit create a002 ]

If everything has worked well, you'll see something like this:

dencies...

Remember to MODIFY the MODEL config files!

26
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Then you will see the tree of your experiment’s jobs in PDF format:

‘ WAITING ‘ l READY ‘ | SUBMITTED I ‘ QUEUING ‘ ‘MG| ‘ COMPLETED ‘ - SUSPENDED
al02_LOCAL_SETUP

‘ al02_19931101_fe0_1_SIM ‘

e

al02_19931101_fc0_1_POST_ATM l alM2_19931101_fcO_1_POST_OCE |

ali2_19931101_fc0_LOCAL_TRANSFER ‘

7.  Autosubmit run. Now the experiment will start:

[ $ autosubmit run a002 ]

27
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Techniques to improve the experiment
throughput with Autosubmit
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Why are we doing research on this ?

- Waiting time on queues reduces too much the
throughput in some situations. We need to be faster !

29



Why are we doing research on this ?

- Waiting time on queues reduces too much the
throughput in some situations. We need to be faster !

A) Long integration of dependent jobs

30



Why are we doing research on this ? @ :

»
computacion

100-150 years integration
1 member
1-5 year chunks

E. Exarchou
E. Toruigny

31



Why are we doing research on this ? @ :

»
computacion

100-150 years integration
1 member
1-5 year chunks

BE==m +

32



Why are we doing research on this ? @

- Waiting time on queues reduces too much the
throughput in some situations. We need to be faster !

A) Long integration of dependent jobs

B) Large ensemble of small independent jobs
that need to synchronize with data assimilation job

33
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35 years integration
s 20 - 50 members, EnKF
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Why are we doing research on this ? @ |
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35 years integration
p— 20 - 50 members, EnKF
month chunks
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|-m,_|mmu_q_mm| |.m,_|m:_un_rm| |n,,-_|mmu_tm_q_mum1 |l‘lg_|m1_l:nz_fm| i.m,_umu_un_n_mul |l‘lg_|hﬂﬂ]l_h‘n_')m|'| |-1g_|mm_q_mm| |n,_:mu_|:m_rm' |n,,-_mmu_us_q_mum| }-n,_lmm_an_fm|

sy _UAIS11_7_ENGE

In,-_wml_uu_f_unnr |-1,_mm|_m|_q_m |" In,-_mmu_ua_f_unur |-a,_|wm|m| |-a,_mmu_tm_v_:|uu | |un,_|wumu_un_uu| [-n,_wml_uu_unn[ "ln,_uwmuml "In:,_uwumu_lua_v_nnul "I-a,_lmmugs_q_ml

|-m,_|mu_m|_v_mmn| Im,_lmu—m_unsri |n,_|wmu_ua_v_mum| I-ﬁ,_umuml I-A,_lmmum_f_mml |n,_|wmu_un_unsri |-a,_|mu_un_v_mmn[ In,_lmurm_qml |n:,_|wum|_|ua_v_mum| I-a,_umu_ms_unnl
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Why are we doing research on this ? (@ &= *"

- Waiting time on queues reduces too much the
throughput in some situations. We need to be faster !

A) Long integration of dependent jobs
B) Large ensemble of small independent jobs

that need to synchronize with data assimilation job

- Optional functionality to improve throughput using
Autosubmit (adjusting parameters is enough)
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e A Mar el @=""

ez LOCAL SETUP 16th march 2017 — MareNostrum3 shutdown !

e - few days left to complete EC-Earth spin-up HR
! - queues on PRACE project full
—— - we needed as much SYPD as we could.

—-» - Configuration for 1

dlez_195001 c()_1_POST dlez_19500101_fc( 2_SIM S i m u |ati0n jOb:

I | - Number of proc = 2032
dez_19500101_fc0_1 CLEAN dlez_19500101_fcO 2 POST alez_ 19500101 _fcO 3_SIM (high resolution)
/ L= - Size of chunk = 1 year

dlez_19500101_fcO 2 CLEAN allez_19500101_fc0_3 POST elez_19500101_fcO 4 SIM
v A (we need restarts for

aez_19500101_fe0 3_CLEAN | | abez 19500101 _fe0_4 POST | | a0ez_19500 eac h ye a r)

o - Wallclock time = 14h
adez_19500100_fc0_4_CLEAN ez 19500101 _fc0_5_POST (there iS room for. more!)

/ ez _19500101_fc0_5_CLEAN ‘ ale:

ez _19500101_fcO 5_TRANSFER
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Case A) - Vertical wrapper e
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Vertical wrapper,
creating a job of 72h
wallclock (maximum
allowed)

h 4

[RANSFER

allez 19500101 _fcl

alez_19500101_fe0_36_CLEAN ‘ ‘ aez_19500101_feQ 38_P

h
‘ aez_19500101_fe0 37 _t CI_EAN ‘ dez_19500101_fc0_39_POST

‘ dlez_19500101_fc0_40_SIM

VAR

‘ alez_19500101_fcl) 38 CLEAN ‘ ‘ allez_19500101_fe()_40_POST ‘ ‘ “lez_19500101_fe( 41_SIM ‘

' :

‘ allez_19500101_fe0_39_CLEAN ‘ ‘ alez_19500101_fe(_40_CLEAN ‘ ‘ allez_19500101_fe(_41_POST ‘ ‘ allez_19500101_fc0_42_SIM ‘

e

alez_19500101_fe( 40 TRANSFER ‘ ‘ alez_19500101_fc( 42_POST ‘ ‘ alez_195(
‘ allez_19500101_fc0 41_CLEAN ‘ ‘ alez_19500101_fc0_43_

|
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EXCELENCIA
SEVERO

Case A) - Vertical wrapper @@=

- Additionally: The sooner a job is submitted the better

- More priority for jobs having been for long time in queue (even if
dependencies weren’t satisfied)

- Dependencies have to be defined in
the header (for the scheduler to
know).

e | S =] - Change status of all SIM jobs to

——— READY and submit.
i

[ [ N ) =) Autosubmit won't see
waiting jobs anymore,

e z_ 1906101 0% 0T | | soee 19500101 _icth 375004 |

bz 10500101_te0_37_posT | [ teac 1050100 055

ang_;mm;m_:s_cmm| !m_mm]m_rno_a ‘ |m_195mnm_rw;9_sm‘

k ) M_qmmi |ﬁg_19mm_r:o_u,sw|

allez_ 19500101_ict_d1_CLEAN allez_1Y D 43 POST | | aldez 19500101 _ic0_44_SIM .
S queuing
alhez 1950101 _{c6) 42 CLEAN ailez_ 19500101 g5 ’m 19500101 ,rm_q_su.cl
/ E
alber 19500101 _Icth_43.€1EAN m_msm 1011 | allex_19500101_ict_d6_SIM |
\
I 19500101 _f<)_ u_cm.ml |m_195m m_:en u_cua.-ml allez_10: 5 POST [m_mmm_m_n_sml

e
.
ather 195001 _Ic_47_POST | | allez_1950010% puis [m_mm]m_m_w_sml
S
alke_ 19500101 et posT [ et 01 _1e_50.5M
Im_;-}smlm_;m_u_cmn | Img_mmm_ym_n_cmml ’m_;-;smm_m_s POS

alle_ 19500101 _{ch_%_CLEAN ‘ Im_mmm_m_q_pml Im_msmm,m;q_cmh__ =




Case B) MareNostrums3 - a0by ©@=""

24 independent members, SIM, at ORCA1, EC-Earth 3.2, it
takes between 2 hours and 5 hours of physical time (depending
on load on machine) to complete a full SIM-EnKF cycle. Expect
at least 3 physical days to finish one year (0.3 ASYPD).

- Configuration for 1

simulation job:
- Number of proc = 432
(standard resolution)
- Size of chunk =1
[ o] [an oo o ] month (ideally few
|m.mm'/fca..s.m| |m.m.{m Slrerrrrrllen e We—— days)
— Lo : Wallclock time = 20 min
(even less ~10 min)

-
| by_19930501_fc02_1_CLEAN r l ilby_lQQjO.%Ol_chl_?._Sl.MW | aliby_19930501_fc03_1_CLEAN | | a0by_19930501_fc03_2_SIM | l w0by_19930501_fc04_1_CLEAN ‘ j mw_maosm_fcm_z_sml T a0by_19930501_fc05_|_CLEAN ‘ T aby_19930501_fe05_2_$

/ ' ! | \ \ | |

| aby_19930501_fc02_1_TRANSFER | | aliby_19930501_fc02_2 POST | a0by_19930501_fe03_1_TRANSFER | ‘ allby_19930501_fc03_2_POST | | by _19930501_fc(4_1_TRANSFER ] allby_19930501_fe04_2 POST } | alby_19930501_fc05_1_TRANSFER | J aby_19930501_fc05_2,
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Case B) - Horizontal wrapper

Horizontal wrapper,
creating a job of 2160
proc

a0by_LOCAL_SETUP

a0by_REMOTE_SETUP

| 0by_19930501_fe01_INI ‘ by _19930501_fc02_INI | by _19930501_fc03_INI | ‘ 0by_19930501_feM_INI | a0by_19930501_fe05_INIT |
lm‘uy,l‘)‘)iﬂjl]ljc(llflfslM | | by _19930501_fc02_1_SIM | |n{.lby7[993050!71c037|jm | | diby_19930501_fc04_1_SIM | | Wby _19930501_fchs_1_SIM |

) ' I \ \

|.ﬂhy_1993.ﬂiﬂl_fcﬂl_l_I’OST{ |.ﬂby_l99}ﬂﬁ{ll_fc02_l_]’()s’l'| |n{l‘rvy_|99305(ll_ft03_l_POST| |:ﬂ]hy_|993|]51]l_fc04_|_?0$1“ J.ﬂhy_l‘)‘)}[lﬁﬂl_fcuj_l_ms'l'|

by _19930501_fc02_1_CLEAN r [my_woaosm_rcm_z_smw | 20by_19930501_fc03_|_CLEAN ‘ | 0by_19930501_fc03_2_SIM ‘ |:n‘.l‘by_l9‘)?—05(ll_fc04_l_C1.EAN | j 0by_19930501_fcld_2_SIM | T a0by_19930501_fe05_I_CLEAN | *‘ aliby_19930501_fc05_2_§

abby_19930501_fc02_I_TRANSFER by _19930501_fc02_2_POST allby_19930501_fc03_1_TRANSFER alby_19930501_fe03_2_POST aby_19930501_fc04_1_TRANSFER allby_19930501_fe04_3 POST aby_19930501_fc05_1_TRANSFER by _19930501_fc05_2
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Summary: advantages of Autosubmit (@ & Q=

al de Supercomput:

« Automatisation: Preparing and running the model(s), postprocessing, online
CMORIzation and transferring the outputs managed by Autosubmit. No user
intervention needed.

* Provenance: Assigns unique identifiers for each experiment and stores
information about model version, its configuration options and computing
facilities used in overall process.

» Failure tolerance: Automatic retrials and ability to rerun chunks in case of
corrupted or missing data, repeating postprocessing and transfers if needed.

* Versatility: Currently used to run EC-Earth, NEMO and NMMB models on
several platforms.

 Throughput: Packing simulations into a single executable to reduce
queuing time. Paper in preparation.
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'--:"'“H
. !I
i —
Get involved or contact us:
Autosubmit GitLab: https://earth.bsc.es/qgitlab/es/autosubmit
Autosubmit Mailing List: autosubmit@bsc.es

Download

aLtosubmit-3.8. 11argz

http://autosubmit.readthedocs.io
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https://docs.google.com/presentation/d/1SfB6OauQDyu2hM98tOqbHuKztLXzJDFWnvBtoHY5taE/edit?usp=sharing
https://pypi.python.org/pypi/autosubmit
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mailto:autosubmit@bsc.es
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Thank you!

For further information please contact
domingo.manubens@bsc.es
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