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ICON Control Flow

Release ICON 2024.10 Fortran Model
and C code: 1,123,740 lines nit

FAST PHYSICS - calculated at every physics time step
Surface Land/Lake/ Turbulent ) :
Transfer Sea-Ice Diffusion Micraphysics

Radiation | [ Gravity Waves Drag

Dynamical Core

Where should my
implementations go?

Cloud Cover ‘

Convection ’

SLOW PHYSICS - treated in parallel-split manner

Going through review process

Model [
Output &
D iffi cu It to ma i nta i N Stop Chegkpoints Diagnostics Nudging

Source: F.Prill (DWD) 2/16
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ICON Community Interface (Comln) : Adapter Library
. Connects plugins to the ICON host model *f ; f ‘ f

 Plugin functions are called at pre-defined wmodel >\
events (Entry Points) Init

Y 4
Dynamical Core\ FAST PHYSICS - calculated at every physics time step ~
Land/Lake,/ Turbulent _
Sea-lce Diffusion Microphusics

Radiation ]

- Regulates the access and creation of model
variables

Cloud Cover I

Gravity Waves Drag

Convection —

SLOW PHYSICS - treated in parallel-split manner

Output &
Checkpoints Diagnostics Nudging
N\ N

/ \

« Guaranties stable interface for external M;’tﬁ 1/[
projects

Source: F.Prill (DWD)  3/16
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Plugin mechanism for ICON

Behind the scenes: dynamic linking

* Comln relies on dynamic linking to implement the plugin functionality.

* Dynamic/shared linking: operating system loads the necessary shared libraries into memory at runtime

Language interoperability in plugins

* Shared libraries for Fortran or C/C++ plugins

* Python plugins do not need any compilation process I i

4/16
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@comin.EP_ATM_WRITE_OUTPUT_BEFORE . .
def python_diagfct(): append subroutines to a callback register

print(
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@comin.EP_ATM_WRITE_OUTPUT_BEFORE . .
def python_diagfct(): append subroutines to a callback register

print("diagnostic function called!"

@comin.EP_SECONDARY_CONSTRUCTOR
def constructor():
handle comin.var_get entrypoint], (varname, domain_id),

read/write access to model variables

np.asarray(handle) some_value

5/16
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@comin.EP_ATM_WRITE_OUTPUT_BEFORE

def python_diagfct(): append subroutines to a callback register
print(“"diagnostic function called!")

@comin.EP_SECONDARY_CONSTRUCTOR
def constructor():
handle comin.var_get( [entrypoint], (varname, domain_id),

comin.COMIN_FLAG_WRITE | comin.COMIN_FLAG_SYNC_HALO read/write access to model variables
)

np.asarray(handle) some_value

comin.var_request_add((varname, domain_id),

comin.metadata_set((varname, domain_id), tracer creatlng additional variables

5/16
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@comin.EP_ATM_WRITE_OUTPUT_BEFORE . .
def python_diagfct(): append subroutines to a callback register

print("diagnostic function called!")

@comin.EP_SECONDARY_CONSTRUCTOR
def constructor():
handle comin.var_get( [entrypoint], (varname, domain_id),

comin.COMIN_FLAG_WRITE | comin.COMIN_FLAG_SYNC_HALO read/write access to model variables
)

np.asarray(handle) some_value

comin.var_request_add((varname, domain_id),
comin.metadata_set((varname, domain_id), tracer

creating additional variables

domain = comin.descrdata_get_domain(domain_id) descriptive data structures
clon = np.asarray(domain.cells.clon) contain information on the ICON setup, the
clat = np.asarray(domain.cells.clat) computational grids, and the simulation

5/16
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Comln is an interface not
a coupler

YAC instances coupler can
be used in ComlIn Plugins

@comin.EP_ATM_YAC_DEFCOMP_AFTER
def yac_define_fields():
yac_pres_sfc_source
if rank

yac_pres_sfc_target

yac.def_couple(
"comin_example_source", "comin_icon_grid",
"comin_example_target",

)

@comin.EP_ATM_TIMELOOP_END
def process():
yac_pres_sfc_source.put(np.ravel(comin_pres_sfc)|[:
if rank
data, info = yac_pres_sfc_target.get()
plt.imshow(np.reshape(data, [ : 1))
plt.savefig(f"pres_sfc.png")

yac.Field.create(
yac.Field.create(

"pres_sfc",
"comin_example_grid", "pres_sfc",

domain.cells.ncells])

6/16
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Enable the plugin mechanism

* Make sure ICON is configured with ——enable-comin

* |nthe Fortran Namelist:

multiple plugins can be added

&comin_nml
plugin list(1
plugin list(1)%plugin_ library
plugin list(1)%options

"Cf?mlrl_plugln - embedded Python
libpython_adapter.so interpreter

"comin_plugin.py"”

/

filename of Python script passed

as an option

7/16
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Entry point implementation

PN Npe———
4>

 New entry points can be easily introduced: -
CALL icon call callback/(..) ! A e e

* Currently 41 entrypoints implemented in ICON

* Granularity: above block loop level, only global variables are exposed, only process-local partitions
can be accessed directly

* ICON calls Comin, not vice versa!
processes in the host model are not switched off, but can only be deactivated using ICON namelist
switches

8/16
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Project history and status

|

e N

|
e >
Project started as a | ’ e
) PP Comln v0.1.0 is part of the Release Comin v0.3.0
cotah oIy first ICON Open Source Release dds data t C++
DWD, DLR-IPA, DKRZ and FzJ P % (adds data types, C
refactoring, ...)
2bzs Jan 2024 April 2025
® @ = —9 @ ~
Oct 2024
2023 |

Design white paper and
mock-up completed

Comin v0.2.0 released
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Project started as a

collaboration:
DWD, DLR-IPA, DKRZ and FZ)

2022
@




2023

Designh white paper and
mock-up completed



Comin v0.1.0 is part of the
first ICON Open Source Release

Jan 2024
@




Oct 2024

Comlin v0.2.0 released




Release Comin v0.3.0

(adds data types, C++
refactoring, ...)

April 2025
o
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& ICON Comin / @ ICON Commu

Key Resources

G it La b = P rOj e Ct 0o + & ICON Comin / e ICON Community Interfaces - Comin

a4 £3 % 29

91 |CON Community Interfaces - Comin @ Qv  frstar 0 | YFok 0 i

Q Search or go to...

https://gitlab.dkrz.de/icon-comin/comin i aster v | comin |+ - Fnd e | | £t - Projectinformation

~ see the design document and the
|@n|5 ICON Community . . . Doxygen documentation.
Interfaces - Comin doc: plugin script path in sys.path ° 48361efa | ) History

P SO u rce COd e a n d re I ea Se n Otes o Pinmed 5 Nils-Arne Dreier authored 1 week ago -

-0- 1,299 Commits

Issues 46 Name Last commit Last update
H Merge requests 4 ¥ 22 Branches
(] P | u gl n exa m p I es E3 .gitlab/merge_request... chore: remove minimal e... 5 months ago O 5Tags
8 Manage >
EJLICENSES feat: Use of pre-commit ... 8 months ago (& 5.9 GiB Project Storage
Plan > g
% 4 Releases
[ J Te Sts E3 cmake chore: update test refere... 1 month ago *
<[> Code >
E3 confi ci: switch yaxt download ... 1 month ago README
7 Build > g Y N B
@ Deploy N Eadoc doc: plugin script path in... 1 week ago @/ CI/CD configuration
(4 GitLab Pages
v Elinclude [refactor] additional varia... 1 month ago
+ Configure Integrations
2 Hell
@ Help F3 plugins ci: add test for python s ... 1 week ago

Imprint Privacy Policy
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Key Resources

Extensive documentation

% ICON Comin / e% ICON Community Interfaces - Comin / Jobs | #767981

-((.)\m | ﬁ ICON Community Interface oo

https://icon-comin.gitlab-pages.dkrz.de @ml@ ICON Community Interface oo
comin

MAIN PAGE RELATED PAGES TOPICS MODULES -~ DATATYPES~ FILES ~ a

* User guide ICON Community Interface :: User Guide

The Community Interface (Comin) organizes the data exchange and simulation events between the ICON model and "3rd party
Table of Contents

PY D e Si n d O C u m e nt modules”. While the adapter library is coded in Fortran 2003, it offers interfaces for incorporating plugins developed in C/C++
g and Python. This document serves as a comprehensive guide for new users (plugin developers). It provides an introduction to ¢ Example plugins
existing plugins that have already been developed. You will find instructions on how to build and run bundled plugins with ICON ! Using bundled Comln plugins

on the LEVANTE and DWD-NEC platforms. The guide also covers how to develop your own plugin, offering step-by-step b Repmelinny @esm

details on the process. Additionally, you will learn how to build ComlIn standalone and use its testing mechanism to test and run
Adding the namelist comin_nml

° D eve I O p e r d O C u m e nt your plugins without running ICON. Furthermore, the document explains how to run your plugin with ICON on GPU in " to the ICON's namelist file

L Example plugins

LEVANTE platform. In addition to this guide, the following resources are available for further assistance: | Build instructions for the Levante
platform
Technical D ion: C h ive desian d tati lains the imol tati f dei | ComIn-enabled ICON
¢ Technical Documentation: Comprehensive design documentation explains the implementation of source code in Tl e ) (eite @7

) D Oxyge n p a ge Comin and ICON. 1 :IE:iZZ\Z:he .ICON run script
l periment on Levante

¢ Comln Python API: A comprehensive list of available global Comin functions, variables, and constants that can be used | DWD NEC platform

in ComIn Pvthon pluains. . Limitations v

* ICON Comln paper
Hartung, K.,et al. (2025). ICON ComIn—the ICON Community Interface. Geoscientific Model Development, 18(4), 1001-1015.
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Fortran, C/C++ and Python API

-@m N~ ICON Community Interface s
N

* Equivalent interfaces for plugins:

MAIN PAGE RELATED PAGES TOPICS MODULES~ DATATYPES~ FILES ~ Qa
* Pyth
ython .
Fortran API C/C++ API Py
* Fort
O r ra n comin_current_get_ep int comin_current_get_ep()
Py C/C++ comin_current_get_domain_id int comin_current_get_domain_id() comin.current_get domain_id
L]
comin_current_get_datetime void comin_current_get_datetime(char const*,int*,int*) comin.current_get datetime
comin_current_get_plugin_info int comin_current_get_plugin_id() comin.current_get_plugin_info

void comin_current_get_plugin_name(char const **, int*, int*)
void comin_current_get_plugin_options(char const **,int*,int*)

void comin_current_get_plugin_comm(char const **,int*,int*)

comin_parallel_get_plugin_mpi_comm int comin_parallel_get_plugin_mpi_comm() comin.parallel_get_plugin_mpi_comm
comin_parallel_get_host_mpi_comm int comin_parallel_get_host_mpi_comm() comin.parallel get host mpi_comm
comin_parallel_get_host_mpi_rank int comin_parallel_get_host_mpi_rank() comin.parallel get host mpi rank
comin_plugin_finish void comin_plugin_finish(const char*,const char*) 2:2:;:?”!, called on uncaught
comin_error_set_errors_return void comin_error_set_errors_return(bool)

r~omin arror nat maccana vnid romin arrar nat meccanalint charf11 charfMAX | FN FRR MFSSACGFN ¥

10/16
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Key Resources

Comin Exercise Notebooks

https://gitlab.dkrz.de/icon-comin/
comin-training-exercises

* Prepared for Levante platform

&/ ICON Comin / e§ ICON Community Interfaces - Comin Jobs | #767981

ICON Community Interface Comin - Practical Exercise Notebooks

Exercise P2: Masking (Non-)Prognostic Cells

« Exercise P2: In this exercise, we explore what prognostic cells are and learn how to define a mask for them using Python.
« This exercise is an extension of P1_exercise . To proceed, ensure that you have the binary icon configured with the --enable-comin option

and the Comin Python adapter obtained in the previous exercise.

Introduction: Domain Part PE #0 Domain Part PE #1

" AUVAVAVAVAVAVAVAY " . VOV
« Dowala VAVAVAVA""E'&WAV Q_AV AV
decomposition is VAVAVAY, 5 AVAY > — . AV

essential for AvAvAVAvAvAvAv T .:’ AVAVAVA'

el AVAVAVAVAVAVAY | — - AVAVAVAVA
mc?delspon modern vAv VAvAvAvAv — AvAvAvAVAv
AVAVAVAVAVA v

Mode: Command & Ln1,Col1 P2_exercise.ipynb

:::::::

parallel computers.
dle Mem:313.97 MB
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reco rd & re p I ay to O I [D + & ICON Comin / @& ICON Community Interfaces - Comin / Jobs / #767981

a4 by % 29

Search visible log output Q Iﬁ = |t

Q Search or go to...

812e75172bacadaéd4afaaccdffbelsesdOedbaa?chsbbb ...

Makes use of previously recorded
Project $ cd build
ICON datasets A $ ctest --output-on-failure --output-junit junit.xml

Test project /builds/icon-comin/comin/build
Merge requests s Start 1: download_test_data
1/34 Test #1: download_test_data ............... Passed
Start 2: record

Manage £

&
* record & replay is Very helprI for Plan > 2/34 Test #2: record ......ccvvvvvvvvnrnrcnnnnas Passed

Start 3: replay_record

d eve I O pi ng p I ugi n S </> Code > 3/34 Test #3: replay_record .........eeeveenennas Passed

) Start 4: mpi_communicator
@ Bulld v 4/34 Test #4: mpi_communicator ................. Passed
Pipelines Start 5: mpi_communicator2
5/34 Test #5: mpi_communicator2 ................ Passed

|t can act as a host model | dobs

6/34 Test #6: parallel .....cceeenievnnnennnnnnn Passed
Start 7: finish_test

Pipeline schedules 7/34 Test #7: finish_test ............c.couunnn. Passed

Start 8: test_ep_names

® Run plugin With Ctest functionality v 8/34 Test : test_ep_names ......... 0000 iinnan Passed

@ Help Start 9: test_lmodexclusive

Pipeline editor

Imprin Privacy Policy

o @

Duration: 58 seconds
Finished: 1week ago
Queued: 0 seconds

Timeout: 1h (from project) @

Runner: #216 (DgKy824F) DKRZ-
maintained runner accepting
arbitrary docker images

Test summary: 34

Tags: dkrz docker-any-image

Job artifacts (®

These artifacts are the latest. They will
not be deleted (even if expired) until
newer artifacts are available.

Keep Download Browse

Commit 4836lefa [
doc: plugin script path in sys.path
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Point source plugin

Requesting a tracer that participates
in ICON's turbulence and convection
scheme

Adding point source emissions to
this tracer

Using KDTree of scipy to locate the
point source

Updating the tracer with tendencies
received from ICON's

Point Source 141.0E, 37.4N, lev=10 (17km) - 2014-06-03 00 UTC

50.0

10.0

-2.5

0.5

0.1

0.0

Source : D. Rieger, DWD 11/16
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Catalyst in situ visualization

« Paraview is an open-source data
analysis and visualization
application

« Simulation data can be streamed
into Paraview using the Catalyst API
specification.

« Application example:

- Implement the Catalyst
streaming for ICON as a ComiIn

plugin.

lﬂlPara View

File Edit View Sources Filters Extractors Tools Catalyst Macros Help

ParaView5.12.1

‘BETe BRO » G ) Time: 0 vJo 3 & &
e
EPpN & P A Va4

Pipeline Browser % Olayout#1® | +
=+ [ builtin: w0 1§ - @

S % 53 # pres_sfc surface with Edges ~

RenderView2 (m

’ @ Extract: Calculator1 =
*
= catalyst
=@ domain1
@ Calculatort
=@ domain2
@ Calculator2

Properties  Information
Properties

% Delete

cuye Upouty

Data Axes Grid Edit

= View (Render View)

Q

Axes Grid Edit

Camera Orientation Widget
Visible

Center Axes Visibility
Orientation Axes

v Orientation Axes Visibility

Hidden Line Removal
v Camera Parallel Projection
Legend Grid Edit
Background -
Use Color Palette For Background

Background Color

Mode Single Color

@ Background

deepthought: 16.8 GiB/31.0 GiB 54.2%

https://www.paraview.org

Source: N. Dreier, DKRZ
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EarthCARE track
e Comln Python plugin to write ICON
2025/02/01, 00 UTC, 18:08 - 18:15 h of icon058 3
OUtpUt aIOng EarthCARE traCkS- latitude: 28.1 to 55.5 N, Iongilude:-60?4|§)O[152.17|gscp dBZ
5 Ear‘thC‘AI‘:{I‘EI L ‘ma)‘( dB.Z=I1‘4]4‘7 5 IC‘I,O‘NI/'FI’PTMT‘RIA‘ L Ima>‘( Sjl?‘,Z‘ﬁ1|9.3‘4f
 Reads pre-processed track file | | N
12 | - 12 - - 22:
. . . i 18
* Uses PAMTRA offline for realistic £ \ 15
. ] . < g T B 9 | [ [ 12
radiative transfer in W-band £ I mp
° .
2 6- - 6 - - ®
© | | | 0
L v
-6
Advanced Version: * 0| 4 > ! N M
] 11 | | i ] _
k_d tree Search o ”h\ ||| "l - M_MI..U-,;MIHWH' ir I LII | ',I J‘ﬂr.plmﬁ-ri 15
1 32.0 36.0 40.0 440 48.0 52.0 32.0 36.0 40.0 44.0 48.0 520
MPI offloading

latitude latitude

Online PAMTRA integration

https://gitlab.dkrz.de/pamtra/pamtra-insitu/-
/tree/comin?ref_type=heads

Source: A.Seifert, DWD 11/16
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Further applications

Initicon demonstrator Python plugin replace
ICON’s initialization module

Machine learning applications
— Open ICON project 2024 — 2027
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