Fe
de
ral
D
ep
art|
m
om
eA
ffai
irs
FD
HA

Sch
w
eiz
eris
ch
e Eidge
no
sse
nsc
ha
ft

Co
nfé
deé
ration
sui
isse

Fe
de
ral
Offi
ice
of
M
ete
oro
logy and
Cli
im
ato
lo
9y
M
ete
0S
wis
s

C
o]
nf

C ed

on er

federaZione
aziun Svizz

svi e
izr ra
a

O

Swi

iss
C

onfede

rati

ion

ar
% oF @
o &% i
o E N &%%@&
£ e £ @%@#
& 5 #%#% %###
& & I %@##%%%@#
& gl L %#%%##@
g 7 o iy ¢¢¢@%%%#%$%%%¢@
& P %@%%%%#%*%%ﬁ##
& & " . *##%%ﬁ##%#%%#%
.. P & & %%## @%%%##%%%%@#
1
%@mﬁ ##%@@%@%#%% %%##%#%@%
5 o & & #%#@@%%%%#% %%#@##%%
& & #@%##%%%%#%% %%%%ﬁ@@%
&P e el ##%%@%% ¢%#@¢%¢##
&P &7 %%%#@##%##@#%%%#@#%%
@%@%%@&%%%#@# %%@%%#%%#%%
¥ & & %%%%%##%%@###%#
- %@#%@%%&@@%ﬁ%%##%#%%###%
& P T %%%@#%ﬁ%%%%%%%ﬁ%%%
& H %@%@%%%% %%%%%%%#%##@
& P #%%%%%#@%ﬁ%%#@%%%%##%%
o P & &P %%%%%%ﬁ% %%#@#
- ¥ & %%%%# %%%ﬁ%#%%%%@#%ﬁ%%
& &> LT & @%%@#@%ﬁ%%@#%%%%##%%
& ##%#@%#%%%@%ﬁ%%%##%%ﬁ%%%
@ T & %##%%@#%%%%#%#%%%%%ﬁ%
2 T %%%%%%#@#%%%%%%%
& &P %%%#%##%#@%# & #%%ﬁ%##
%%*%# %%%%#%##%%# #%%%%%
o %#@%%@%@##%##%%%%%%#%%
& & i %####%%%ﬁ% #%#%##%#%#
& & & o oy 4 %%%%%%%#%%#%%#%%
& & %#@####@ %%%%@%###%%##
5% %%#@#%@##%&#%%%%% ####@
& T = £ @##%*#@%%%%%%#%%
— H % %%%%%%#%%%#%#%%#%%%*@##
o P 4 %%#%@%ﬁ% #%#%#%#%#
&b &P @%#@%%% ) %#%%@%%%#@%%%
e o %@%%#%#%%%#%#%#%ﬁ%#%
= s - o @@%@ ﬁ@%%% %%%%%#%%%###
) i L ?g?g% #%%%%##%%
. %%@%ﬁﬁv%#%%%%##%%%%%#%%ﬁ@@@
e d #@%% %%%%%##%%%%##%%#%
& & &P e %%%%%%%%%#@%%%%##%%
% @%#%%@%%%%@%#%%%%%#%%ﬁ%@@
oy e %%#%% %ﬁ%%%%%@#%ﬁ%%
& ##%%@# & &%%% #@%%%%#%@%
5 %%%##% @@#%%%##%%%%%@@%ﬁ#%@
& #%@%#ﬁ@#%%%#%%%%%%%%%%
& %%@%%@ ##%%@%####%%%#@@%%
& Y o %##%%%#%%%%%#%%ﬁ#%%
5 = %¢#¢¢%%ﬁ#¢¢##@¢¢%%¢%#¢%%
&% @%#% @#%%%ﬁ#%%%#%##%#%#%%
£ b o ###%% %%%%##%%%%@#%###
& € A% o P %###%%%%%###%%%@%%%
s %ﬁ%& %##%#%#%%%%%%%%#%%%
& = & &P @%@@%#%%%%%%%%##%%#%
o %#%&%ﬁ#% %@@%%%#@@%%%%#%#%
n%@% % Eas %@@%#%##%%%%ﬁ#%%
& o %ﬁ%%#@%@%ﬁ%%##%%#%ﬁ%%%
(- & s O %%%%%#%ﬁ%%%%%%ﬁ#%%%
c %%@%ﬁ%ﬁ@@%%%@@ %%%%% wﬂ*ﬁv#%
> %%@#%% %#%%%ﬁ%#%#%%i%##%%
~O & s %%@%%@%ﬁ%#ﬁ%%%%%#%%
”.?w_ %%%%%%@#@%@% %%%%%#@%%#@%
) &P &b %%%@%%% %%%%%%##%ﬁ%%
db @%@%#@%#%%@ %%%@#%%%%%#%%
& & %&##@%@%% & %%%@%%%#%#%#
& & 5T 2o %##%#%ﬁ@#%%%%@%#%%
b2 %@%##%@@%ﬁ%%%%%%#%ﬁ%%
%I% s ##%# %@#%%%%#%%%%@@%%ﬁ%%
g i #%#%%ﬁ#%# %%#%%%@#%%%
o S %##%##%@% ####%%%#%%%
. o £ %%%@ LT ##%@%%#%%%%ﬁ%%%
% S & 4 %%%%%#%@%#%%#%%%@#%%%
& & e i %%%%%###%%%%&%%ﬁ#@%
o c %%%* 4 s %%%ﬁ%#%#%%@@%%%%
& %&%%@%%%%@#%ﬁ%###%#%%#%#
b > %@%ﬁ &P %%%#%#%%%%% ##%ﬁ@#
& ﬂ%%% @%ﬁ@%%@%%%ﬁ%#%%%%@###%%
& %%@% o %%%%%%%%%%%%%%##%%
& & %%@%@ %%%#%%%%%ﬁ%%#%%%#%ﬁ%#
o %%%%#%% %%#%#% £ %##%
= %%%#@%%%%#@%%%%%%%#%%&%%
B P & T %@%%%%ﬁ%%%%%%@%ﬁ%%%
&> #%%%&@%%%%%@#%%%%%%%%%% %%#%
& T & &% @%@@%ﬁ%%@%%%%&#%%
£ & #@%ﬁ@%@%%%@%ﬁ%%%#%%%ﬁ#&@
& % %%#@%%%%#@%%%%%@%%%@%ﬁ%%
e £ & %#%#ﬁ &F %%%%%%ﬁ#%%%%%&%
¢ o %@%%#%%%ﬁ%@%#%%%%ﬁ%%%
%###%@ %%%#@%ﬁ%#%%%%@%#%%%
a® i %@%#%%%@# %%%%%%%ﬁ#@%
Ll @#@%% %%%%#@%%%%%#%%ﬁ%
%&%# %@%&%%% #%%%%%@%%%
%%%##%%@%##%##%%%ﬁ%@%
&%%%##%ﬁ%%##%%## ﬂ%%
%%%@@%##%#%%#%#@%%
%%%ﬁ%%%##&#%ﬁ%#%
%%%%%%#%@#%%%%
%%@#%%##%%%
%%%## ##%%
%%%%%#%%
TET iP
%#%#
L



Performance On Massively Parallel Architectures

Last year of the project

Main outcomes :
- Performance portable version of the Dycore -> STELLA DSL
- GPU capable version of the COSMO model




Main task in 2016: Merge all developments into
official version

5.0+
POMPA
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C++/STELLA Dynamical core

 On going - good progress

* A working version will be available with the next COSMO release (available
upon request for CPU test)

« The C++ dycore (CPU only) could be distributed with the official code from

12/2016 on
DOUBIE PRECISION SINGLE PRECISION
| Speedup F90 > C++ F90 CPU > C++ GPU | Speedup F90 > C++ F90 CPU > C++GPU _
Timeloop 1.46 2.63 Timeloop 1.19 2_43
Exee 148 313 Dynamics 111 260
Prsis 1.49 3.22 oy 136 359

Results for COSMO-E using 8 GPU sockets or 8 CPU sockets
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COSMO-ICON Physics

Scheme Blocked Version GPU
Microphysics yes no

Radiation yes yes
Subgrid-scale Orography no no

Turbulence yes no

Surface Schemes yes no

Convection yes

=> GPU porting of the physics in official code should be completed
by end Q1 2017

¢ 4 o MeteoSwiss ¢ ¢« o 5o oxavierlapilonne@meteoswiss.ch COSMO'GM 2016+ ¢ 5 ¢



Other components

Data assimilation to GPU (OpenACC) : nudging and latent heat
nudging -> estimated Q1 2017

Rest of the code : Imorg, output - estimated end Q1 2017

Single precision :
« Awaiting outcome of the work on radiation

« Test code with adapted data assimilation expected for
11.2016
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Development tools

New development tools in use, very helpful !

Github

Jenkins

& Jenkins

o This repository

MeteoSwiss-APN [ cosmo-prerelease private
forked from C2SM-RCM/cosmo-prerelease
Pull requests 7 Wiki

<> Code Issues 4

Dev version of the official COSMO code — Edit

{0 200 commits ¥ 7 branches

Pull requests

Issues Gist
©Watch~ 7 * Unstar

Pulse Graphs Settings

2 releases

& +- Xt~

2

Branch: master v New pull request

This branch is 28 commits ahead of C2SM-RCM:master.

+r uschaett committed on GitHub Merge pull request #62 from MeteoSwiss-APN/updating_tracer_interface

¥ Fork

22 5 contributors

6

Create new file  Upload files  Find file

Pull request

Compare

Latest commit 16a4fe7 14 days ago

| cosmo Reversing the change in the Pollen Interface 15 days ago
Jenki POMPA dy trunk
cebui i I dycore Added SPPT and SEDIM tracers 21 days ago
4 Back to Dashboard
- Project dycore_trunk_build
), Status — —
= Daily builds and tests of DYCORE trunk on all target machines at CSCS.
£ Ghanges triggered as well {on a hourly basis).
L workspace
{) Build Now
® S Ve . = = Configuration Matrix release debug b o
elete Multi-configuration projec = T T T d L
daint |double |cpu | | [ . 5 ur
Configure " 0 0 = % :
. . . P h i o C’;’
= e @ [ e @ & & o 5 &
(=] Email Template Testing float |cpu| Q) | QD g ‘ ) ' b gy b b dh
- gpu. g ,J P oP qp  gp o o oty gp _gpqp - it
o | v | ilonne @meteoswiss.ch COSMO'GM 2016+ + 7%
Build History trend = kesch |double  cpu @ u i, PaP 9p dh y LR o dh dh dh i B
& & & 4 £ & & B 4 b &
[eaa spu D D b o dd b CEENE I BT T O e



Applications

Y Project COSMO-NExXT

5+ =~ Latoral boundary conditions:
2 ws-unss

g Operational forecast
LA on GPU-based HPC
system

upn day

1.1km grid size (convection permitting)

e MeteoSwiss

« PP Calmo

17.1 M core hours
on Piz Daint

iH

i

fpas
il

+ COSMO-LEPS ‘= rriricie o ~
{ ] L] el e Switch to single precision

W 4 30% gain in BUs
pa 30 2 21 minutes
16 - 20 members

ap &2 oh
-+« PPT2(RC)2 ﬁ tuning of radlatlan usnfag CALMO strategyn i
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Applications

» Institute for Atmospheric and Climate Science (IAC ETH)

PhD David Leutwyler
SNF crClim
PASC CLAW

18. Jan 2007 23UTC

« CSCS

& : :
- GPU version and C++ dynamical
« H2020 ESCAPE Egsg?azwger;uemgng I core for COSMO-ART

GridTools DSL

s " = e & T o n

& £y & g} a
& & o o & & & B

o i : b & & O S & @
e o aennn & b O S S

& & B . , " Y S W S s
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Related project : CLAW

« CLAW provides high-Level Abstractions for Weather and climate models

« Goal: Provide language abstraction for performance portability in climate and
weather model

e Directives with code transformation

Sulil_?r(E)ggkl\l.l.Ei:irl\;ath(pclc,pcal, o) CLAW
i - Code manipulation with AST
::zgg Eags'g”apse(s) - Based on the OMNI compiler
| $cl aw | oop- i nterchange (K, i,j) - Transformed code can be compile
DOS;'J?{?Q;{'EM with standard compiler
DO k=kstart kend CLAW language definition are
I Computation is done here . . .
END DO available on github :
END DO
END DO
I$acc end parallel https://github.com/C2SM-RCM/claw-language-definition
END SUBROUTINE inv_th

o o MeteoSwiss - ¢ o o o w4 oxayier.lapillonne@meteoswiss.ch COSMO'GM 2016+ ¢ 10 =



Replacement of STELLA :
the GridTool Library

Keep this small, flexible,
under-standable, clean of
“detalls”, performance
portable, ...

User code Domain-scientist
(algorithm)
Frameworks Computational

scientist

Separation of concerns =

Libraries
(domaln specmc



U The GridTools Ecosystem

o Set of C++ APIs / Libraries
« Large class of problems

» Performance Portability

« Separation of concerns

* Intuitive interface

« Basic building blocks

o Composability

 Interoperability
(C++, Fortran, Python)

boundary @
conditions

Kokkos

el « Extensibility

* Not a complete ontology
(which is good!)

o octahedral
grid
tructured

b i 5 Ehl dh
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Ready for COSMQO?

Semester Thesis

Implementing the Dynamical Core of COSMO in
GridTools

Fabian Thiiring
thfabian@student.ethz.ch

* Implementation of Coriolis force, vertical advection, horizontal
diffusion stencils (and unit-testing, verification framework, ...)

e Critical review of GridTools user-interface
e Conclusion: Functionality of GridTools is ready!

R
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©  Global Grids

 New DSL constructs for stencils on global grids

lcosahedral Cubed sphere Octahedral

m. 5 bSL Language definition /We would love to work together

O it Lo, BrchANGE more closely with ICON
DO E;jé_;t:g:,dxél;;endldx

ﬁf,"ji = slev, elev | template<typename Evaluation> developers for dEfI n I ng and

DO jc = i_startig

spendit static void Do(Evaluation const & eval, x_interval) refl N I N g the DS LI

div_vec c(jc,j {
vec _e(iid(ic,jb,

vec _e(iid(ic,jb, auto edge_red = [J(const double v, const double length, const double ’ RERSESS RETONE
ENDDO type Tvector<vec, div vec> arg list;
ENDDO double - -
ENDDO _ {roturn V*length + res; }; tempfate<typename Evaluation>

& - ) eval(div()) = eval(on_edges(edge_red, 0.0, v(), edge_length())) / static void Do(Evaluation consté& eval, full _domain)
Lo g eval(cell_area());

gL
=1
: ‘
g }
L (\J

eval(div_ vec())= eval(on_edges<vec>());




¢ Collaborations:

. ESCAPE Project with e ECMWF
« Use GridTools data storage in Atlas library

« Apply DSL for octahedral grids

e Collaboration p. R"’IE N

* Prototype study for

* Implement several stencils from NICAM with
GridTools
 Compare to other approaches (e.g. OpenACQC)

¢ @ o MeteoSwiss < ¢ o« o 5o oxavierlapilonne@meteoswiss.ch COSMO'GM 2016+ 15 ¢



Open aspects still to be defined

e COSMO/CLM training
e Distribution of the GPU version

* Single precision and GPU version : how do we test it, reduced NWP
testuite ?

e Supported system

« PT EDP2 Evaluation of the Dycore parallel phase (see tomorrow’s
talk)

 Follow on HPC and COSMO ?

MeteoSwiss "o '—:i‘r-xéyie‘r.‘lapiIlorlighe@\mgtéoéwisg;ch‘COSMd‘GM 2016 16



Contributors in 2016 (Thanks!)

Alon Shtivelman
Andre Walser
Andrea Arteaga

Ben Cumming
Carlos Osuna
Christoph Angerer
Christophe Charpillot
Cosmin Barbu
Guilherme Peretti-Pezzi
Guy de Morsier
Katherine Osterried
Michael Baldauf
Oliver Fuhrer

Pascal Sporri
Pavel'Khain -

©© ¢ MeteoSwiss - ¢ o

Peter Messmer
Petra Baumann
Roman Cattaneo
Ulrich Schattler
Valentin Clement
Xandeep Varghese

::i;-xéyie}r.‘lapiIloh-ne@\mgtéoéwiséﬁch‘CO"SIVIO:‘GM 2016 g
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Thanks for your attention
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