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The state of affairs

Earth
System
Modelling

HPC
Scientific



Software




Like Atlas, HPC software is not
feeling well

Organic development
No trained software engineers
Understaffed institutions

Software seen only as a tool



Poor software quality is a huge
waste of resources

Software quality costed the US economy U$ 2.41 Trillion in
2022

Failed development projects  |USIZCOENNNNN

Legacy systems U$ 520B

Finding and fixing defects U$ 607B



The costs




Visible costs

Model inaccessability




Hidden costs " W
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natESM comes to help

Improving technical infrastructure to serve Science

6 months projects (sprints)

Well-defined goals and timeline



Improvements done by natESM

GPU porting and

infrastructure 19
Coupling and 5
Integration

Parallelization and

software engineering -
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natESM has improved many ESM
models
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And more...




The case of CLEO

Cloud microphysics superdroplet model
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CLEO - Cl expansion




Semantic versioning
Releases (141)

v0.65.1
on Feb 18

+ 140 releases

Precommit

Check: YAML file formatEing e o ol s ele ol ole el a o et ek = el e sl iet ol olie aa e Passed
T =Y ot T e T =P Passed
Check Valid PYLRON: « scca v s v s e s als s ss i mme s essesis s s salesaessssasssesssas Passed
o O I T s Passed
NO dinect COmmMIC) O Maane sl el e e e hee b e e e s Passed
gl VR o - ] U o I g = o T o] i 6 10 6.6 G D 00 G D316 526 G50 O 0 0 10 00 0 0 O D O 6 G O Passed
FLE A Tles s AT 0 e e A S 00 £ 55 0 63 0 500 B 5 03 5 1) 51 200 5 5% B 5100 o P ) B B 1 ) ) ENER P (40 B Passed
UL = O F At s el il ol s o aluiakatal ot sl wiel afsd e alfe el e el al'oita s Faiia e terl v\ alle/'ofis a3 alte /e ex'sl e Fad o\ iuliai o Forte Passed
CPPILINT s o aie e oo s she sre s e s el e < ele e sl ala s b asliel s i aleedwl oo et sie) whalea s e s ta e e e e e kasséd

Conventional commits

Commits on Jan 21, 2026

refactor: add print after timestepping
@ yoctoyotta1024 committed on Jan 21 - 25728

fix: missing pip requirement
@ yoctoyotta1024 committed on Jan 21 - 23/28

fix: prevent bad directories at root of installations
@ yoctoyotta1024 committed on Jan 21 - 25/28

refactor: include making directory in instructions
@ yoctoyotta1024 committed on Jan 21 - 25/28

docs: update pre-commit hooks install
@ yoctoyottal1024 committed on Jan 21 - 25/28

refactor: path2kokkostools and kokkos_tools_lib are different
yoctoyotta1024 committed on Jan 21 - 25/28

feat: new helper scripts to install kokkos tools
@ yoctoyotta1024 committed on Jan 21 - 25/28




CLEO - Release improvements




Automatic releases Linear Git history
v0.65.1

|()) github-actions released this Feb 18 - 2 commits to main since this release D OC u m e ntatio n ge n e ratio n

Automatic changelog
V0.65.1 - 2026-03-06 Cl builds for all examples

Bug Fixes

e typos in examples_levante.rst - (<i65f“ee}1) - Sylwester Arabas Se r.i a I a n d pa r.a I I el CI ru n S

e typos in examples_vanilla.rst - (b6361fa) - Sylwester Arabas

Miscellaneous Chores

e (version) v0.65.1 - (3ecec39) - yoctoyotta1024
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e update levante account - (17f26e6) - clara.bayley

Refactoring

e execute examples - (0c85ec2) - clara.bayley

¢ update levante account on bubble scripts - (b10c192) - clara.bayley

¢ delete unnecesary titles with dropdowns - (7caad85) - clara.bayley




Changing software and workflows
can be challenging

Convincing about utility
Old habits are hard to change
Lack of enforcing turns into lack of use

Delayed merging can require large reworks



You can only improve what you can
measure

We are creating a simple framework to list software quality
deficiencies

Evaluation produces a score for the model

List of actionable items that can be worked on during a
sprint

H:
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How the framework works

Collection of bad points of models
Reproducible and fairly objective

Can be used to track the model
evolution




Conclusion

“Over a 25-year life expectancy of a large software system,
almost fifty cents out of every dollar will go to finding and

fixing bugs."
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