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Cresco report 2020 overview

ENEN

Italian National Agency for New Technologies,
Energy and Sustainable Economic Development

High Performance Computing on
CRESCO infrastructure:
research activities and results 2020

December 2021

Number of papers: 52
Total number of authors: 207
Number of pages: 284
Document format: PDF
PDF size (print version): 14.2 MB
PDF size (web version): 14,2 MB

Contributions provided by a selection of users of the CRESCO
infrastructure

Scientific Editor: Davide De Chiara e Simone Giusepponi
ENEA, TERIN-ICT-HPC

Cover: ENEA, TERIN-ICT-HPC

ISBN per edizione digitale: 978-88-8286-429-3
ISBN per edizione stampa: 978-88-8286-430-9

See also: /afs/enea.it/project/eneagrid/html/SystemAdministration/CRESCO_Reports
https://ict.enea.it/wp-content/uploads/2020/05/report_cresco_2020-ISBN.pdf
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Report Preparation

v Authorizations
v ISBN request
v’ Press process
v Online version

v' Paper review
v’ Check survey
v" Final document
editing

v' Remainders,
v' Dealing with
author’s problems

etc. etc.
,_—,_>%inal versi

Deadlines

Press &

,_—,—> Disseminatio
o/

Invitation:
v Email
v" ICT Director
letter

v Users selection
v" Accessible

MSWord Template
v' Email address

request
E> Call
/

Preparation

Review process
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Report preparation history

w 2021-06:
w user selection from: Isf accounting (info from kerberos lists and mailing lists);
w survey tool kit (limesurvey: http://sondaggi.enea.it/index.php/): user list, mails;

w 2021-07-30: invitation mail (~100 invited users);

1 2021-09-24: first deadline (~25 contributions only, despite the many reminders);
w 2021-10-16: deadline extensions, reminders, solicitations, mails, review;

w 2022-02: final check, author index, samples for the cover;

w 2022-03: authorization process for the publication by REL-PROM,;

w 2022-03: press & dissemination;

w 2022-04: presentation prepared (this presentation).

® Compressed PDF version online:
https://ict.enea.it/wp-content/uploads/2020/05/report_cresco_2020-ISBN.pdf
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http://sondaggi.enea.it/index.php/
https://ict.enea.it/wp-content/uploads/2020/05/report_cresco_2020-ISBN.pdf

Invited Users

100/152 users invited

Selection criterium is:

wct_y > 1.0 || (av_totcore* > 5000)

wct_y: total wall clock time (years)
njobs: number of submitted jobs
av_nc: average number of used cores

av_totcore: njobs*av_nc

Total run time by user 2020 wct_y
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User ID
m CRESCO annual report 2020 - 07/04/2022



Wall clock time by user 2020-2021

Total run time by user 2020 wct_y In 2020
1200
1000 ~10 users are:
——_Upto 1010 wet_y 520/
800 0
of wct_y
600
400 ~20 users are
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0 |||||||||||”“I|||||||I|IIII|||||||||| ....................................... : Of WCt_y
2500 Statistics
Total run time by user 2021 wct_y lead by
o few power
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1000
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0 ||||||||||||||||||||||II|||||| ........................................ presentation
by Funel
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Accounting details 2020 - 2021
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Cresco in 2020

Year jobs wct_y
2017 571258 3895
2018 1321623 4853
2019 1675438 9992
2020 1637704 12277
2021 1026449 16079
In 2022 something like 20217
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av_nc 2020 av_nc 2021
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78 (2020), 96(2021) users use more than 100 cores

Several (~20) users with more than 1000 cores in 2020-2021

Average number of cores is 933 (2020) and 969 (2021)

CRESCOG6 has ~20000 cores.

Were there users who used more than 10000 cores in 20217

No! There is a limit on LSF: up to 6144 cores (unless system queue for admin).
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The 2020 CRESCO Users
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ENEA and External usage 2020-2021

2020 = ENEA = EXT

Job

Wt
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Total run time 2020 for external institutes (wct_y>10) ACBOllers

Usage by external institute —wct_y 2020-2021

UniRJCMadrid
1%

CRA WCT 2021

UniRomaz2

UniCam UniNa
27%

UNICAL
3%

UniPD
6%

gm@é;madrid
UniZhejiang
CNR
UniRomal

UniCam

UniFi

UniRomal
10%

UniSa UniRoma2

21%

- CNR
UniNa Do

Em CRESCO annual report 2020 - 07/04/2022



Usage by external institute — njobs 2020-2021

Submitted johs 2020 for external institutes 2021 submitted jobs totali >100
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Usage by external institute — njobs 2021 senza UNINA

submitted jobs >100 senza UNINA
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Usage by ENEA department 2020-2021

2020 2021

njobs for ENEA departments njobs for ENEA departments 2021
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Usage by ENEA division - jobs 2020

Submitted jobs 2020 for ENEA division (njobs) S st uss
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Usage by ENEA division - jobs 2021
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CRESCO Report

2020 report statistics
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Contributed papers: statistics

AN

Papers

ENERN

2020: we had
2019: we had
2018: we had
2017: we had
2016: we had
2015: we had
2014: we had

A NENENENENENEN

v Invited users: 100/152
v' wcty > 1.0 || (njobs*av_nc > 5000)

Survey responses:. 45

45 (131 authors, ~3 authors/paper)

52 papers
42 papers
44 papers
38 papers
45 papers
46 papers
28 papers

Missing authors with wct_y > 100: 6 (on top30)
Missing authors with wct_y > 20: 10 (on top60)

(D. De Chiara, S.Giusepponi)
(G.Santomauro, G.Guarnieri)
(G.Santomauro)

(M.Galli)

(M.Gusso)

(G.Ponti)

(F.Ambrosino)
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ENEA and external Users

Affiliation
Risposta Conteggio Percentuale
ENEA (A1) 26 57.78%
External Institution (AZ2) 19 42 722%
Messuna risposta 0 0.00%
Mon visualizzato 0 0.00%

ENEA

External Institution
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Contribution to a previous CRESCO Report

Cresco Report 2008-2009
Cresco Report 2009-2010
Cresco Report 2010-2011
Cresco Report 2012
Cresco Report 2013
Cresco Report 2014
Cresco Report 2015
Cresco Report 2016
Cresco Report 2017
Cresco Report 2018

@ CrescoReport 2019

B Vonvisualizzato

Risposta

Cresco Report 2008-2009 (1)
Cresco Report 2009-2010 (2)
Cresco Report 2010-2011 (3)
Cresco Report 2012 (4)
Cresco Report 2013 (5)
Cresco Report 2014 (6)
Cresco Report 2015 (7)
Cresco Report 2016 (8)
Cresco Report 2017 (9)
Cresco Report 2018 (10)
Cresco Report 2019 (11)

Non visualizzato

Conteggio

Percentuale

6.67%

6.67%

13.33%

15.56%

2220%

20.00%

24.44%

28.89%

37.78%

51.11%

57.78%

NN%

No contribution to previous reports: 14 (31%)
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Clusters

Cresco 4
Cresco 4 (Large RAM)
Cresco 5

@ crescob
Cresco F (Frascati)
Cresco C (Casaccia)
GPU
PHI
significative GPFS quota
Altro

Hardware
Conteggio Percentuale
—
@ 4(3) 13 28,89%
—
Cresco 4 (Large RAM) (4) 1 2.22%
Cresco 5 (5) 1 2.22%
—
@ (6) 40 88.89%
Cresco F (Frascati) (7) 3 6.67%
Cresco C (Casaccia) (8) 2 4.44%
GPU (9) 1 227%
PHI(10) 1] 0.00%
significative GPFS quota (11) 2 4.44%
1 222%

Altro  Sfogliare

Cobranvl.frascati — desktop remoto
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Context of the Activity

European Project Context of the activity

[talian National Project Risposta Conteggio Percentuale
Programme agreement

(accordo di programma) European Project  Sfogliare g 20.00% B
ENEA institutional

activities 6 13.33%

Italian National Project  Sfogliare
University projects

ase research
Base rescarc Programme agreement (accordo di programma)  Sfogliare 7 15.56%

Contracts with external

entities

A ENEA institutional activities  Sfogliare )
tro

University projects  Sfogliare

14 NN
@esearch Sfogliare ' >

Contracts with external entities  Sfogliare

Altro  Sfogliare

Many works on base research
EU projects

ENEA institutional activities
Programme agreement
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Research Domains

B Aerospace
= o N Research & Development Domain
Basic Social Sciences
Biotechnologies Conteggio Percentuale
Climate Studies
Combustion Studies for -f-.erclipace I'SIJIZIEI'II ] IR
Power Generation Systems
Environment Basic Social Sciences (S0004) 1 2.20%
HPC Technology
New Materials Bistechnologies (SQO03) 3 f.6 7%
Nuclear Fusion Technology Climate Studies fSIJIZIEIE'I i 3 7%
Nuclear Fusion: Plasma
ﬂ] Phyece Combustion Stedies for Power Generation Systems (S0005) 1 2%
M [} " o Nuclear Fission
Technology " &
) Enviranement (SO006) 0 0.00%
B Nuclear and High Energy
Basic Physics HPC Technal (SQ007) s 4 44%
Medical Physics. echroiogy (30 ) “ =
Radiotherapy and
Dosimetry Mew Materials (SO008) B 17.76% >
) Oceanography
Heswbie Enaiiiea Muclear Fusion Technology (S0009) 4 i R
@ BigData Muchear Fusion: Plasma Physics (SQ010) 2 444%
Atmospheric Modelling
Altro Muclear Fizsion Technalogy (S0071) 5 1M11% >
Muclear and High Enengy Basic Physics (S0017) 1 2%
Medical Physics, Radiotherapy and Dosimetry (S0013) 2 4.44%
Other includes: - :
Radiation Protection COVID-19 Oceanography (S0014) 0 0.00%
Molecular Dynamics Statistics . ] — N
BiOphySiCS Complex SyStemS erewahle Ene gees | S015) 4 B Eus
Solld_State Physics Complex system_s Big Data (SQ016) 4 8 5%
Physics Parallel Text Mining
Web Crawling - Big Data Analytics - Knowledge Extraction Atmospheric Modelling (SQ017) | 7 77%
Cultural Heritage Metrology
Computational Drug Design nuclear energy, MOX _fuel Altro| Sfogliare 19 42 27% >
Energy Storage Structural Bioinformatics
Computational Biology computational nanoscience
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Modeling & Simulation Background

Basic Plasma Physics Mudt“l‘lg & Simulation Baﬂtgtﬁund
Complex Systems .
) Caonteggio Percentuale
Computational Fluid
Dynamics
Basic Plasma Physics (1) 3 4 44%
Computational Chemistry b
MNon-ionizing Radiation 'DE-FI'Ipl&K Sﬁ'ﬂtems |:2'| 9 444
Transpart
Thermal Structural Computational Fluid Dynamics (3) q B.B9%

Analysis

@ Neutronics Computational Chemistry (4) 11 24 447
B computational Physics Q
Atmospheric Dynamics Mon-ionizing Radiation Transport (5) 1 222%
Network analysis )
HPC Infrastructure MNon-iomzing Radiation Transport (6] 0 0.00%
Analysis
Thermal Structural Analysis (7) 0 0.00%
Graph Theory
Operations Research Neutronics (8) 8 “? >
Altro g : E— e — ’
CComputational Physics (9) 8 17.78%
Aimospheric Dynamics (10) 1 2.22%
MNetwork analysis (11) 2 4.44%
. . . HPC Infrastructure Analysis (12) 0 0.00%
Computational Chemistry (11), Neutronics (8) and
. . . Graph Theary {13) 0 0.00%
Computational Physics (8) are the main actors
Operations Research (14) 0 0.00%
[ 13.33%

Altro| Sfogliare
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Computational Methodology

Ordinary differential equation solvers, Lyapunov exponent, linear stability [9)

Computational Methodology:
Canteggio Percentuale

@n Computations (1) 9 E‘
Computational Fluid Dynamics (CFD) (2) 4 B.89%
Finite Elements Analysis (3) 1 2.22%
Large Eddy Simulations (4) 1 227%
Markov Chains (5] 1 2.27%

@Iu' Dynamics Simulations (&) 7 E >
Molecular Dynamics coarse grain models (7) | 1 222%
@rln Simulations (8) 10 2222% ]

1 2.22%
Particle-in-cell Simulations (10) 4 B.89%
Ritz-Galerkin Methods (11) i} 0.00%
Runge Kutta Methods (12) i 222%
Self-Congistent Field Methods (13) 1 2.22%
URANS CFD (14) 0 0.00%
Altro  Sfogliare 4 B.B9%
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Ab-initio Computations

Computational Fluid
Dynamics (CFD)

Finite Elements Analysis
Large Eddy Simulations
Markov Chains

Molecular Dynamics
Simulations

Molecular Dynamics
coarse grain models

Monte Carlo Simulations

Ordinary differential
equation solvers, Lyapunov
exponent, linear stability

Particle-in-cell Simulations
Ritz-Galerkin Methods
Runge Kutta Methods

Self-Consistent Field
Methods

URANS CFD

Altro

MCNP (7),

70% of the Montecarlo papers (10) use
also Ab-Initio (9) and
Molecular Dynamics (7) are important.




Code Development

1/5 of contributors works on software codes

NA

0
6% Yes

No
74%
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License type

- Most of code has a free-type license,
- 22% agreement with code owners
- 15% cases of commercial software use

NA
6%
Others
8% \\
Agr. with code owners '
22%
In House

8%
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Others:

- free for research activity
- controlled export license
- open source

- free distribution

GNU GPL or similar

41%

~ ——— Commercial
15%




Scalability tests?

Scalability: Have you done scalability tests of the code?
Risposta Conteggio Percentuale
SiH{Y) 19 42.22%
No (N) 26 57.78%
Nessuna risposta 0 0.00%
Non visualizzato 0 0.00%
~40% of users
do perform , -
scalability tests 8

@ Messunarisposta

@ Nonvisualizzato ~60% Of users

N do not perform
scalability tests
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Parallelism implemented

I 28% of serial code I

No
28%
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Type of parellelism implemented

Most users use MPI, but large fraction of hybrid code

Other Embarassing
2% 2%

hybrid MPI+OpenMP
28%

OpenMP
5% MPI
63%
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Data Visualization software

Grnuplot

Pythan
@ Matiab

Paraview
[

Visual Molecular Dynamics
(VIAD)

@ Grace
0L
Anzys
Excel

B MNP
B Ao

Data Visualization: Specify the tools you used to view simulation results

Contegglo | Percentuale

Python (2)

9

—
2000%

Matlab (3)

Paraview (4)

Rig)

5

2

2

N.11%

4445

444%

@ulec ular Cynamics (VWMD) (6)

14 EE

1.113

@] 13 28.89%
IDL (8) 0 0.00%

Ansys (9) 2 444%

Bucel (10) 8 17.78%
MENE[] (11) 4 B.89%

12 26.67%

Altra| Stogliare

VvV 'V

12 other tools are cited:
Octave, Chimera, HeaRT, XCRYSDEN, TaLTaC2, NCL, Ferret, HIGZ.
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Computer Languages

The most used language is Fortran: 57%;
followed by C and C++: 42%
less than of 1/6 of Fortran is the ancient 77 version

Other
1%

C++
23%

Fortran90
41%
C
19%
Fortran77
16%
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Compilers

Report 2017 Report 2018 Report 2019

Used Compilers Used Compilers Used Compilers

PGI
Other

PGI
PG
Other
GNU
GNU
Int

The Intel compiler is the most
used, but it is decreasing

Other

Flntel
549%
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Some Used Software

~40 different software cited

Nuclear: MCNP (7), ERANOS, FISPACT, FLUKA, GEANTA4.

MD: GROMACS (4), LAMMPS (4), NAMD (2), OCCAM (2), AMBER.

Ab-Initio: Quantum Espresso (5), VASP (3), ORCA (2), CPMD, CP2K, Siesta.

CFD: (Computational Fluid Dynamics) Ansys Fluent, OpenFOAM.

Environment: WRF (Weather Research and Forecasting).

Other: HeaRT, R, TaLTaC2, Photoscan, Python...
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Most used libraries

Linear Algebra:
 BLAS (Basic Linear Algebra Subprograms) — 6
 LAPACK (Linear Algebra PACKage) — 6
« ScalLAPACK (Scalable Linear Algebra PACKage) — 2
« ELPA (Eigenvalue solLvers for Petaflop Applications) — 1

MKL (Math Kernel Library) — 5

Fast Fourier transform
e FFTW3-3

Data Format
* NetCDF (Network Common Data Form) — 2
« HDF5 (Hierarchical Data Format) — 2

ESMF (Earth System Modeling Framework) - 1
JEFF (Joint Evaluated Fission and Fusion File) NEA Data Library — 1
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CRESCO usage 2008-2021

Trends 2008-2021
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Cresco Usage 2008-2021

CRESCO1 672

. CRESCO?2 = 2048->2720

2014 CRESCO4 100 4864

2018 CRESCO6 700  10416->

Wall Clock Time
« 2008 - 2014
« 2014 - 2017
e 2017 > 2021

Number of jobs
« 2008 > 2014
« 2014 - 2019
« 2017 - 2021
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CRESCO Wall Clock Time (years)
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Usage by clusters in recent years

Total wct_y by cluster

1.6E+04 m CRESCO1 m CRESCO?2 m CRESCO3 m CRESCO4 m CRESCO5 CRESCOF

CRESCO6 CRAWLER B CRESCO4S B CRESCO4F B CRESCO*-NVI*
1.2E+04

8.0E+03
<: CRESCO4 :>
< CRESCO2 >

4.0E+03

T T Y e

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Jobs by cluster
1.5E+06

CRESCO4

1.0E+06
5.0E+05 < CRESCO1 > I I '

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Usage by clusters in recent years

Total wct_y by cluster %

m CRESCO1 m CRESCO2 m CRESCO3 m CRESCO4 m CRESCO5 CRESCOF
CRESCO6 CRAWLER B CRESCO4S m CRESCO4F m CRESCO*-NVI*
100%

80%
60%
40%
20%
0% . E

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

< CRESCO2 > < CRESCO4 >
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ENEA and External Users

wct_y ENEA and EXTERNAL users
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ENEA Department Usage

Woct_y ENEA departments njobs ENEA departments
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Parallelism

Average number of cores
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less usage of parallelism in recent years
In 2018 first CRESCOG6 tests used many cores
In 2019 first CRESCOA4F runs
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Wait time

Average wait time (hours)
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Wait/Run time

Wait/Run time
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Wait/Run time 2021

wait time/run time time 2021




CPU time / Wall Clock time

CPU WALL average ratio/
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CPU time/Wall clock time 2021

cpu time/wall clock time 2021




Cresco6 consumption 2020

resco6x226 cresco6x073
MEDIA KWh MINIMO KWh MASSIMO KWh
1644,423037 531,05272 2087,04325

Consumo anno 2020 in kwh
697235,3676
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Cresco6 single node consumption & thermal growth 2020

sys_powerinWatt__________________ample(sys power) [Temp output- Temp input ____[Percentage utilization %

100 26026 9,809613 -

110 112399 9,349567 3
120 45004 11,968358 6
130 369971 12,896784 9
140 269650 12,308374 11
150 2171754 14,526158 14
160 439459 17,968541 17
170 83129 17,214005 20
180 77066 17,671204 23
190 79418 17,795147 26
200 97880 17,764702 29
210 152490 18,767604 31
220 275887 19,508719 34
230 390230 19,870661 37
240 356973 20,522958 40
250 495728 21,090366 43
260 527183 21,821673 46
270 822425 22,083209 49
280 1005577 22,719683 51
290 697265 23,274881 54
300 332593 23,482037 57
310 274125 23,244195 60
320 187388 24,852162 63
330 98650 25,609752 66
340 64856 26,213951 69
350 54265 27,339298 71
360 42520 27,692145 74
370 30983 28,534551 77
380 25711 28,727626 80
390 13365 28,314927 83
400 6641 26,809667 86
410 5342 26,009173 89
420 6988 26,081568 91
430 10015 26,390714 94

440 2666 27,501125 97

AN ~r NN A A



Cresco6 single node CPU power consumption & thermal

growth 2020

20 10 5,714286 4,2

30 7 8,571429 3,428571

40 589646 11,428571 8,156921

50 1772765 14,285714 9,334432

60 113287 17,142857 10,16144

70 90079 20 9,987467

80 53047 22,857143 8,722265

90 171917 25,714286 11,64981
100 374964 28,571429 13,50758
110 2013613 31,428571 14,02938
120 725662 34,285714 17,47129
130 98393 37,142857 17,12486
140 88545 40 17,71216
150 89738 42,857143 17,9347
160 128480 45,714286 18,334
170 218871 48,571429 19,23358
180 395337 51,428571 20,02045
190 420974 54,285714 20,17224
200 463206 57,142857 21,04882
210 572588 60 21,79385
220 922911 62,857143 22,38865
230 1278352 65,714286 22,73392
240 868832 68,571429 23,13479
250 302898 71,428571 24,21684
260 117423 74,285714 25,80029
270 66092 77,142857 26,96736
280 58671 80 27,46457
290 35203 82,857143 28,25947
300 32403 85,714286 27,52079
310 9395 88,571429 26,81245
320 6530 91,428571 26,34227
330 6794 94,285714 26,33721
340 13845 97,142857 26,34316
350 311 100 25,40836
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Personal comments

On Report Preparation:
- Time to begin: as soon as possible? (For 2021-2022 Report start was on June)

- Only one template: Word? (For new accessibility rules)

On CRESCO usage:

- How to arrange High Availability actvities?
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