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=1 thousand lines of code
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Figure 5. Architecture diagram for Had GEM2-ES.
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Figure 6. Architecture diagram for IPSL-CMS5A-LR.
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Figure 7. Architecture diagram for MPI-ESM-LR.

CgSM1-BGC

=1 theusand kmes of code

Figure 1. Architecture diagram for CESM1-BGC.
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OASISHIRRFF K

A) OASIS1 C) OASIS3

pel

pe2

B) OASIS2 D) OASIS3-MCT

pel

pe2

OASIS additional coupling process

<& OASISlibrary Sophie Valcke, 2021

https://oasis.cerfacs.fr/en/ g



OASIS community today

About 35 groups world-wide (climate modelling or operational monthly/seasonal forecasting

France: CERFACS, METEO-FRANCE, IPSL (LOCEAN, LMD, LSCE), OMP, LGGE, IFREMER
Europe: ECMWF + Ec-Earth community

Germany: MPI-M, IFM-GEOMAR, HZG, U. Frankfurt
UK: MetOffice, NCAS/U. Reading, ICL

Denmark: DMI

Norway: U. Bergen

Sweden: SMHI, U. Lund

Ireland: ICHEC, NUI Galway

The Netherland: KNMI

Switzerland: ETH Zurich

Ttaly: INGV, ENEA, CASPUR

Czech_Republic :CHMI

Spain: U. Castilla

Tunisia: Inst. Nat. Met

Japan: TMA, JAMSTEC

China: IAP-CAS, Met. Nat. Centre, SCSIO

Korea: KMA

Australia: CSIRO

New Zealand: NIWA

Canada: RPN-Environment Canada, UQAM

USA: Oregon State U., Hawaii U., JPL, MIT

Peru: IGP + downloads from Belgium, Nigeria, Colombia, Saudi Arabia, Singapore, Russia

» OASIS3 isusedinb of the 7 European ESMs that participate in IPCC AR5

Sophie Valcke et al, 2015 9



OASIS3-MCT: namcouple input file

SNFIELDS
20

N

$END

SRUNTIME
21600

Number of Coupling Fields

N

$END

SNLOGPRT

Run Length

N

10
$END

$STRINGS

FSENDOCN FRECVATM 17200 1 fdocn.nc EXPOUT
182 149 96 72 torc Imdz LAG=+3600

P 2P0

MAPPING

my_remapping_file_bilinear.nc src

FSENDATM FRECVOCN 110800 1 fdatm.nc EXPOUT
96 72 182 149 Imdz torc LAG=+1800

POP2

SCRIPR

BILINEAR LR SCALAR LATLON 1

$END

Debug Level

& List of Coupling Interactions
/ -Ofield names
- coupling periods
<7 - grid names
- coupling lags
- transforms

Sophie Valcke et al, 2015
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« 15T 19904F
— CPL3.a, 1996%F6 A
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— CPL4, 19984F7H, LIV NrEfliE. =il 8

AT
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CPL6 VS CPL7

Current Single Executable Concurrent CCSM

[j 1 - “

New Hybrid Sequential/Concurrent Layout Examples

Driver

processors
(From M. Vertenstein et. Al, 2008)

cplé
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CPL6: EECCSM3iESIENE
Hig e s

xXE HiF HE
€ B fEFd
2003 2004 200>

The CCSM Coupler -- Version 6
Project Home Page

Overview

In early 2001, the CCSM Coupler 6 Project was launched as a joint DOE/NCAR
effort to design and build a more robust coupler component, cpl6, for use in
the CCSM coupled system. The primary goals for cpl6é were to introduce
significant improvements in portability, performance, and extensibility, and to
create one coupler component to replace the two existing CCSM and PCM
coupler components. Like previous CCSM couplers, cpl6 fits into the existing
CCSM software framework and is responsible for providing the same
functionality within that framework, but cpl6 represents a major re-write of
the coupler component involving the creation of two new lower level, general
purpose libraries, MCT and MPH, to handle message passing data transfers.

Fully functional beta versions of cpl6 are in use, and, as of early 2003, all
internal CCSM development has migrated from cpl5 to cpl6. The first public
release cpl6 will be as part of the CCSM3.0 release, which is scheduled for
Summer 2004.

—
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2018

2020

CMEPS enables new functionality and collaborations

Vertenstein et al, 2020
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C-CouplerZIRSIFHSEIEFRTTANAR]

C-Coupler2: a flexible and user-friendly community coupler for

mOdel coupling and nesting GEOSCIENTIFIC MODEL DEVELOPMENT \' Q
Li Liu'?, Cheng Zhang', Ruizhe Li', Bin Wang' >, and Guangwen Yang'~ mpactTactor G M D . Ii\ﬁi&' 'Jﬁ\?& - *IJ
5.154 5.697 - Mk
Abstract. The Chinese C-Coupler (Community Coupler) e b (1 O/ 1 96)
family a.ims primayily to d.evelop. coupled moc:lel‘s for Wf:ather JCR® 25 o
forecasting and climate simulation and prediction. It is tar-
geted to serve various coupled models with flexibility, user- GEQSCIENCES, MULTIDISCIPLINARY | 10/198 o

friendliness, m‘ld E)?tenswe coupll_ng tuncnons‘.. C—Cou.plerZ, Acknowledgements. This work was jointly supported in part by
the_ latest version, includes a ERE of.new features in ad- the National Grand Fundamental Research 973 Program of China
dition to those of C-Coupler] — including a common, flex- (grant no. 2014CB441302) and the National Key Research Project

ible, and user-friendly coupling configuration interface that of China (grant nos. 2017YFC1501903 and 2016 YFA06022
combines a set of application programming interfaces and a

set of XML-formatted configuration files; the capability of | Edited by: Sophie Valcke |<_ 1eIﬁEEE I£
: 2 eviewed Dy:

coupling within one executable or the same subset of MPI WO anonymous referees

(message passing interface) processes; flexible and auto- EOASISE%

matic coupling procedure generation for any subset of com-
: A ' oo ==
ponent models; dynamic 3-D coupling that enables conve- ﬁ MTd =
nient coupling of fields on 3-D grids with time-evolving ver- -~
tical coordinate values; non-blocking data transfer; facilita-
tion for model nesting; facilitation for increment coupling;
adaptive restart capability; and finally a debugging capabil-

ity. C-Coupler2 is ready-for use to develop various coupled | i‘gi;ﬁg;“ m ?C - CO u p I e r

or nested models. It has passed a number of test cases 1n-

volving model coupling and nesting, and with various MPI Hgii*ngﬁ\ﬁu ?ﬁ

process layouts between component models, and has already
been used in several real coupled models.
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C-Coupler2
C-Coupler3
C-Coupler3-PIO

problem in decomp grid null
C-Coupler3-distributed H2D grid

ricter test cases
C-Coupler3-distributed grid data assimilation
C-Coupler3-distributed wgts_input

more test cases are required
C-Coupler3-external procedure

£ CCPL _bcast
C-Coupler3-external procedure data assimilation

model platform

* C-Coupler3 grid assimilation PIO

ome/liuli/c_coupler_yuhao into c- Coupler3 grid assi

I0_improvement
root proc reads and then bcast.
coupling generation improvement
nd interface tag; Pass the test cases of the ideal

120N 53 SRR A

model

H

FHATORBESR)

Merge branch 'C-Coupler3 grid assimilation PIO' of /home/liu
i/c_coupler yuhao into C-Coupler3 grid assimilation PIO

Merge branch 'C-Coupler3 grid assimilation PIO' of /home/liu

i/c_coupler_yuhao into C-Coupler2 grid assimilation PIO

Conflicts:
src/Data_MGT/original grid mgt.cxx

basically finish OMP optimization for pack and upack

10,1
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INTEGER CCPL_ensemble procedures_inst init(set comp id, member comp id, inst name, &

field inst ids, grid ids, decomp ids, timers id, control vars, annotation)

initiEn

INTEGER CCPL_ensemble procedures inst init(member comp id, inst name, &

field inst ids, control vars, annotation)
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XAKFR KA HEKFER  FF C-Coupler3  OASIS3-MCT4.0

# e #HEK REKO®) #EHK  BIHEHEGF)  BIHEEGF)
3000 300 5000 300 23.70398 84.36566
3000 900 5000 900 16.02534 79.39579
3000 1200 5000 1200 12.84749 79.96576
3000 1600 5000 1600 15.08857 83.30277
3000 3200 5000 3200 10.80802 100.8317
3000 6000 5000 6000 9.911469 145.4961
3000 10000 5000 10000 11.35928 153.7385
3000 12000 5000 12000 14.16537 167.4978
3000 20000 5000 20000 45.37662 122.8683
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HXTIE

LFRic: PSy Code (Generated Fortran)

Met Office Written by PSyclone

Addition of code to support distributed memory parallelism: * \% |+ :l% BE
| &ihuu

IF (result proxy%is_dirty (depth=1)) CALL result proxythalo exchange (depth=1)

IF (rho_proxy%is_dirty (depth=1)) CALL rho proxythalo exchange (depth=1) /?/ —
IF (theta proxy%is dirty(depth=1l)) CALL theta proxy%halo exchange (depth=1)

DO cell=l mesh%get last halo cell(1l) 1: l

map w2 => result proxy%funct space%get cell dofmap (cell)
map w3 => rho proxy%funct space%get cell dofmap (cell)
map w0 => theta proxy%funct space%get cell dofmap (cell)

CALL pressure gradient code( .. result proxy%data, rho proxy%data, theta proxy%data, & l'
sizes, maps, basis functions for all function spaces ) o & |\ %BE
END DO I
CALL result proxy¥set dirty() {yﬁTj-E
TERIS {éﬁ
E 534

( Atlas; Deconinck et al., 2017) Xﬁ&]:ﬁ 9:

NodeColumns functionspace( mesh, Levels(100), Halo(1) ); e
Field field = functionepace.createField<double>( I Hi 1 1:%

functionspace.haloExchange( field ); I

Listing 3: C++ FunctionSpace example use

Hi

type(atlas_NodeColumns) :: functionspace

type(atlas _Field) i: field

functionspace = atlas_NodeColumns( mesh, levels=100, hale=1 )

field = functionspaceljcreate_field( , atlas_real(8) )

call functionspacefhalo_exchange( field ) 59

Listing 4: Fortran FunctionSpace example use



S ERFHTESRHASG T MCVHTRE

2 FR0. STE\ :%Em};

G A

S

192 6 192 1 4.7395
48 4 5.1264

24 8 5.2744

OpenMP 31T Wi P L! 768 1 1.5120
192 4 1.4449

96 8 1.4544

1536 48 384 4 0.7772

3072 96 768 4 0.4795

6144 192 1536 4 0.3656

12288 384 1536 8 0.2229
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iZEIOASIS, EEMCT5SCPLIEXIEX

Development and performance of a new version of the OASIS
coupler, OASIS3-MCT_3.0 (GMD, 2017)

C-CouplertBXieX

C-Coupler2: a flexible and user-friendly community coupler
for model coupling and nesting (GMD, 2018)

A New Flexible Coupler for Earth System Modeling developed for
CCSM4 and CESM1 (IJHPCA, 2012)

C-Couplerl: a Chinese community coupler for Earth System
Modeling (GMD, 2014)

The OASIS3 coupler: a European climate modelling community
software (GMD, 2013)

PatCC1: an efficient parallel triangulation algorithm for
spherical and planar grids with commonality and parallel
consistency (GMD, 2019)

Coupling technologies for Earth System Modelling (GMD, 2012)

A new adaptive data transfer library for model coupling
(GMD, 2016)

OASIS4 — a coupling software for next generation Earth System
Modelling (GMD, 2010)

Bitwise identical compiling setup: prospective for
reproducibility and reliability of Earth system modeling
(GMD, 2016)

A

— HitiE SRS

C-Coupler

1990s

DiRongl.0: a distributed implementation for improving
routing network generation in model coupling (GMD, 2020)

Developing a common, flexible and efficient framework for
weakly coupled ensemble data assimilation based on C-
Coupler2.0 (GMD, 2021)
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: tandard blocking operation is implem, T
bufft::r: Onltheczz;glfr'lsgs‘fcil;:fclfi is.e., the call will not return lmt’nr[:: tl;:;nﬁ?d for e":’:' ‘13311
I‘ECe“im?l:' tr:i:eived. Specific tests have shown reasonable performanc, (;f(t1 S Th
;flfi:f:lli\;igion phase and good scaling of the coupling communication i“"olvﬁ,; seriei
- i . atitl
the ;?Kg?::iiil“ble to the climate modeling community. In the neXt-genery. ﬁs:;ine
of MPI-M ESM, YAC couples the ICON ocean and atmosphere (:(nnlmlmll?l [nstitt
DKRZ also aims to make YAC a part of the (.}ern'la,n. national ESM -"'tra‘tp s: piver
(NatESM). Some algorithms of the coupler, in particular the s"l)}‘iﬁlicatif[
conservative remapping algorithm are also reused within other software projq, 8.2.8
like the Climate Data Operators (CDOs, see https:/ /C"de'mpimf-‘t-mpg_de} )s 5
ojects/cdo). Future plans include built-in support for the coupling of Vcctlurr MQAE
fields, support for changing land-sea masks at runtime, and possibly an Openyp Orient
thread-level parallelization of the initialization phase. pal(:ikﬂg
is evi
[E3SM
8.2.7 C-Coupler2 systen
The development of the Community Coupler (C-Coupler) family started in 2010 41l
in China in order to provide extensive coupling functions to a strongly increasing hub-ar
number of model users. In a manner similar to OASIS3-MCT and YAC, genera
C-Coupler2 works as a library which APT routines are called in the component gBPro:
codes, without a d.mn.ug layer. C-Coupler2 can exchange coupling fields between 14
compone_nts TURNNg a8 separate executables or within one executable on non- g
overlapping, partially overlapping, or overlapping sets of processes. For the ;!h-e E

regridding, the Q—Couplet2 can use weights read from an existing file or cau Ii:reshe

ggliat.e the wexgh-ts v_vith its own parallel library, CoR1. This library supports :

inter;:llzzin:;l f;e grldi;ng, POS‘SiblY combined with a time-evolving 1D verticel

any parallel dec:;f ! -‘fﬂth sigma or hybrid vertical coordinate (but without

bt position along the vertical dimension).

in the codes and aast:iesfa}r{;/&[fmed through the combination of AP C§115

calls for expressi - % formatted configuration files. The API contaits
pressing the horizontal grid parallel decomposition thanks t0 global

= :
Carlos R Mechoso fcr:upﬁ l; 1;33’;%“3(;5 1;/[?;&3133—MCT and MCT), for sending or receiviné the
Soon-ll An coupling procedure fn o e,rfa(‘)nri for ex(]i)licit field regridding. In particullar.tltl‘zi
A : some data type transformation, and apPy
Sophie Valcke \\b world scientiti operations such as lag, interpolatj ansformatior,
.e Scientific The C-Coupler2 i,nclu ;g:l?tl?r-l or averaging, as chosen by the user- .
acilitations for model nesting suppOrti’é

coupling bet : .
i 8 between multiple copies of ¢ its 00

; he same executable, each one having
g registered as a separate compones™

upling software can be considerc
Components. Finally, C-Coupler? guard™
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« FFIERERL . https://github.com/C-Coupler-
Group/c-coupler-lib
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