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MareNostrum4

2017¢ 11,1 Pflops

2nd Europe / 18 World
New technologies
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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
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Earth Science Department

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

Predlcflon
I\/Iodellm

Earth Sciences

Director: FranciscdoblasReyes

>100 people
Leading: H2020 project, COPERNICUS contract, ERC

Barcelona Consolidator Grant and hosts an AXA Chair
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EarthSciences

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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Computational Earth Sciences

Performance Team

* Provide HPC Services (profiling, code audit, ...) to find main
bottlenecks of our operational models

* Research and apply new computational methods for current and

Models and Workflows Team

* Development of HPC user-friendly software framework
* Support the development of atmospheric research software

Data and Diagnostics Team

* Big Data in Earth Sciences
* Provision of data services
* Visualization
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Performance Team

Weather and CES-
Climate Performance
Science Team

Computer
Science

Knowledge about thenathematicaland computationalside of Earth System applications

Knowledge about the specific needsHRCof the Earth System applications
Researching aboliPC methods specifically uséar Earth System applications
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Performance Team

A Necessary refactoring of numerical codes gaining a lot of attention and stirring many discussions
I Computational performance analysis and new optimizations are needed for actual numerical models.

I Studying new algorithms for the new generation of high performance platforms (path to exascale).

A Collaborating with several institutions on different projects at different scale
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High Performance Computing Barth Sciences

A EarthSystemModels(ESM3 aresophisticatedools with continuouslyincreasing
complexity

A More componentsof EarthSystemare included

A FinerSpatialand Temporatesolutions

AThisincreasein complexitycouldbe developedthanksto the important parallel
advancesn HPC
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From ORCA2 to ORCA36
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NEMO 4

w New Sealcecomponent(SB) w MPIcommunicationseduced

w AGRIF compatible with seaice and Z*oo Removabfwrk allocQ &

coordinate _ _
w Automaticland sub-domainsremoval

w Aerobulkpackagdor atmosphericforcing S
w Simplification& robustness

w Wavecouplingto externalwavemodel

w Passive tracer module (TOP re-designed

(modular)
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From ORCA2 to ORCA36

w ORCA Curvilineartripolar grid family without singularity point inside the computational
domain It hastwo north meshpolesplacedon lands

name jpiglo jpjglo jpk size (million vertices) resolution (km)
ORCA2 182 149 31 0.84
ORCAL (SR) 362 292 75 7.92
ORCA025 (HR) 1,442 1,021 75 110.42
ORCA12 (VHR) 4,322 3,059 75 991.57
ORCA36 (VVHR?) 12,962 9,173 75 8,917.53
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ORCAZ2 scalabillity

ORCAZ2 scalability and SI3 coupling frequency impact
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ORCAOQ25 scalability (MN4)

ORCAOQ025 scalabllity
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ORCA36

Configurations

dom | tsd sbc gsr lbc bbc traldf

Code blk N

rdt | init | usr ice rnf O A shlat | trabbc | hor/triad
dm2dc

036l 90 F T F F F T/F 0.0 F T/F
0361 90 F F T** F F T/F 1.0 F T/F
036 ICE| 90 F F T** T F T/F 1.0 F T/F
036 FULL| 30 | T F T** T T F/T 0.0 T F/T

* rn_bt_max= 0.8 (instead of 0.6) armth_barg=60 (instead of 30)
** In_NCAR: true
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ORCA36

Configurations

Code |Step| InitTas | Atmoseheric | o pinof | GOthermal o oop
Forcing heating
036 90 F = F F F F
036l 90 F F F F F
512x256
036 _ICE| 90 F 512%x256 T F F F
036 _FULL| 30 |9,173x12,962 512x256 T | 9,173x12,962| 360x180 | 9,173x12,964
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ORCAZ36 In MareNostrum4

Resources constraints

Minimum resources standard nodes

®

Configuration (96GB) Minimum resources highmem nodes (384GB)
0361 64 nodes6TB memory 16 nodes, 6TB memory
0361 64 nodes6TB memory 16 nodes6TB memory
036 _ICE 64 nodes6TB memory 16 nodes6TB memory
036 _FULL* - 16 nodes6TB memory
Sareaiting
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ORCAS36 scaling
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ORCAS36 scalability (MN4)

ORCAZ3G6 scalability
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ORCAS36 scalability (MN4)

ORCA3G6 scalability Grand Challenge
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ORCAS36 scalability (MN4)

ORCAS3G6 scalability Double precision vs Single precision
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ORCAS36 scalability (MN4)

ORCAZ3G6 scalability Double precision vs Single precisigrGrand challenge
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ORCAS36 scalability (MN4)

Throughput per subdomain side (subdomain area = s)de
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ORCAS36 scalability (MN4)

ORCAZ3G6 scalability Double precision vs Single precision
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ORCAS36 scalability (MN4)

ORCA36 scalabilitylCE
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NEMOA4 weak scaling

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

@




ORCA weak scaling (MN4)

ORCA2, ORCA025 and ORCA36 scalability. Steps per second per subdomain size
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ORCA weak scaling (MN4)

ORCA2, ORCA025 and ORCA36 scalability. Steps per second per subdomain size
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ORCA36 Performance analysis
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Performance analysis

A Since 1991
A Based oriraces
A Open Sourcenttps://tools.bsc.es

A Extrae Package that generatézaraverrace-files for a postmortem analysis
A Paraver Trace visualization and analysis browser
A Dimemas Message passing simulator

DIMEMAS Si d
. X Imulate

EXTRAE

library ‘ ‘
\. Paraver / \. Paraver /
Trace visualization ‘

il
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https://tools.bsc.es/
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ORCAS36 scalability (MN4)

ORCAZ3G6 scalability
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3,072 768

6,144
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ORCA36 functions view

User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv (on gustafson) x
THREAD 1.1.1
THREAD 1.65.1
THREAD 1.129.1
THREAD 1.183.1
THREAD 1.257.1
THREAD 1.321.1
THREAD 1.385.1
THREAD 1.449.1
THREAD 1.513.1
THREAD 1.577.1
THREAD 1.641.1
THREAD 1.785.1
THREAD 1.788.1 & us 27,388,535 us
L
User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv #1 {on gustafson) x
THREAD 1.1.1
THREAD 1.257.1
THREAD 1.513.1
THREAD 1.769.1
THREAD 1.1025.1
THREAD 1.1281.1 §
THREAD 1.1537.1
THREAD 1.1793.1 g
THREAD 1.2849.1
THREAD 1.2385.1
THREAD 1.2561.1 |
THREAD 1.2817.1
THREAD 1.3072.1 ldnmvvl_m‘ Losf_nxt_ 27,388,535 us
User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv #2 {on gustafson) x
THREAD 1.1.1
THREAD 1.513.1
THREAD 1.1625.1
THREAD 1.1537.1
THREAD 1.2849.1
THREAD 1.2561.1
THREAD 1.3873.1
THREAD 1.3565.1
THREAD 1.4887.1
THREAD 1.4660.1
THREAD 1.5121.1
THREAD 1.5633.1
THREAD 1.6144.1 4 27,388,535 us

t




3,072 768

6,144
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ORCA36 functions view

User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv (on gustafson) x

THREAD 1.1.1

THREAD 1.65.1

THREAD 1.128.1

THREAD 1.183.1

THREAD 1.257.1

THREAD 1.321.1

THREAD 1.385.1

THREAD 1.449.1

THREAD 1.513.1

THREAD 1.577.1

THREAD 1.641.1

THREAD 1.785.1

THREAD 1.768.1 us 27,388,535 us

r -
User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv #1 (on gustafson) x

THREAD 1.1.1

THREAD 1.257.1

THREAD 1.513.1

THREAD 1.768.1

THREAD 1.1825.

THREAD 1.1281

THREAD 1.1537

THREAD 1.1783.

THREAD 1.2848.

THREAD 1.2385.

THREAD 1.2561.

THREAD 1.2B17. E

THREAD 1.3072 & us 5,720,730 us
User function x thread @ Trace.best_cut.INS_CYC_LS_functions.prv #2 {on gustafson) x

THREAD 1.1.1

THREAD 1.513.1

THREAD 1.1825.1

THREAD 1.1537.1

THREAD 1.2049.1

THREAD 1.2561.1

THREAD 1.3873.1

THREAD 1.3585.1

THREAD 1.4887.1

THREAD 1.4509.1

THREAD 1.5121.1

THREAD 1.5633.1

THREAD 2.6134.1 2,077,828 us




ORCA36 model factors

Model factors explaining scalability on 16, 32 and 64 nodes

Number of processes 768 3,072 (x4) 6,144 (x8)
Parallel efficiency 93.72 85.74 82.65
Load balance 97.42 92.4 92.74
Communication efficiency 96.2 92.79 89.12
Computation scalability 100 130.25 144.55
Global efficiency 92.72 111.67 119.47
IPC scalability 100 123.47 145.99
Instructionscalability 100 102.63 97.18
Frequency scalability 100 102.78 101.88
Speedup 1.00 4.77 10.21
Average IPC 0.29 0.35 0.42
Average frequenc{yGHz) 2.09 2.15 2.13
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ORCAS36 scalability (MN4)

ORCAZ3G6 scalability
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ORCA36 scalability

Model factors explaining scalability on 16, 32 and 64 nodes

160
140
120
100
80
60
40
20
0
3,072 (x4) 6,144 (x8)
m Parallel efficiency  mComputation scalability Global efficiency
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ORCAZ36 Instructions breakdown

stpetl_m..stp_ctl_ divhor_m..div_hor_

domwl_m.._sf_swp_ eosbn2_mp_rab_3d_
sshwav_m..ssh_swp_ eosbn2_mp_bn2_
dynnxt_m..dyn_nxt_ zdfsh2_m..zdf_sh2_
zdfgls_m..zdf_gls_
domwl_m. _sf_nxt_
eoshn2_m. Itu_pot_
tranxt_m. tra_nxt_
dynadv_u.adv_ubs_

dynvor_m..vor_een_

dynhpg_m.hpg_sco_

trazdf_m..zdf_imp_
trazdf_m. tra_zdf_
traldf_I.|df_lap_

traadv_f.._nonosc_ dynspg_t._spg_ts_

traadv_f.adv_fct_

traadv_m..tra_adv_

tragsr_m..tra_qsr_ dynzdf_m..dyn_zdf _
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ORCAS36 Instructions breakdown

Instructions
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ORCA36 IPC per function

IPC
B 768 @ 3,072 6,144
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NEMO4 time vs cost
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NEMO4 time vs cost
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Hours per Simulated Year
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NEMO4 time vs cost
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NEMO4 time vs cost
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Hours per Simulated Year

NEMO4 time vs cost
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Conclusions
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w Bathymetry. 12,962x9,173(domain_cfgnc4850G)
w Initialisation: T&S Filesin O36 grid (no interpolation).

w Forcing

w Surfaceboundarycondition
Yy lcecoupledeverystep
Yy Bulkformulae ERAinterinfiles (512x256). Onlineinterpolationto O36.
Yy Runoffs EnabledInputfilesin O36 grid (no interpolation).

w Solarradiation Filesin O36 grid (no interpolation).

w Bottom boundarycondition: Filesin O36 grid (no interpolation).

w Timestep 30(90) secs
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Conclusions and ideas for the future

w NEMO scalability is good when maintaining subdomainsize over 15x15. Max. throughput

achievedat 10x10. With very large configurationgandmanymoret 9 th& maynot betrue.

w Using mixed precisionin NEMOmay allow to achievelSYPDwith 3km global resolution on

currentarchitectures Upto x1.9 speedupon memorybandwidthboundconfigurations

w NEMOmemory usageis not scaling online interpolations in ORCA6 make impossibleto run

the modelon standardnodes
w Dataisanissue restartsof ~1Tbsize

w XlOSsalsoanissue It wasverydifficult to run the new configurationwith XIO0&.5.
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NEMO timeline in BSES performance

TYPES 9019 2020 2021 2022

A 1 T T T
l I , | |
COPERNICUS CMENS ISENESB318.4: Definition of the IMMERSE1S34 Final setup of || ESIWACE2 D1.3:
report: ORCAOQ36 profiling optimization strategy online diagnostics Scalability for pre
IMMERSEIS25 First setup of ESIWACE2 D1 Production exascale systems
online diagnostics mode configurations
ESIWACEZ2 D1 dodel inter I I I
comparison ISENES®8.5 Update |
| NEMO code
IMMERSE D4.Activities | | I
during 2019 I | ISENES®4.3 CPMIP IMMERSE D4.#8tode
I metrics & performance performance
I IMMERSE D4.32GRIF IMMERSD4.5 Report
I performance online diagnostics
|
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Porting NEMO diagnostics to GPUs
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IMMERSE: Porting diagnostics to GPUs
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