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Anemoi framework

* Developing machine learning (ML) weather forecasting models. utils

T

transform

MET Norway
Bris

Diagram of dependencies within anemoi packages.
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From Idea to Realization

* Integrate a new loss function and open a PR in anemoi-core

N
1
— _ os (O 2
 Mean Squared Logarithmic Error (MSLE) NZ(log(yl +1) —log(y: + 1))
i=0

Integrating
code into
Anemol-training

Local :
experimentation

Eactories Configuration Instantiation via Code style & Pre-
Hydra commit
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How do | start developing?

1. Clone anemoi-core

2. Create environment

3. Install packages

4. Install pre-commit hooks
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$ git clone

$ cd anemoi-core

conda create -n anemoi-env python=3.12

conda activate anemoi-env

$ pip install -e ./graphs[all, tests]

$ pip install -e ./models[all, tests]
pip install -e ./training[all, tests]

pip install pre-commit

pre-commit install
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https://github.com/ecmwf/anemoi-core.git

Pre-commit

* Pre-commit hooks run before the actual commit
* Prevents submitting unformatted code
* Formatting code (e.g. auto-formatting with black)

* Linting code (e.g. check for style violations)

repos.:

- repo: local
hooks:
- id: clear-notebooks—output
name: clear—-notebooks—output
files: tools/.x\.ipynb$
stages: [pre-commit]
language: python
entry: jupyter nbconvert ——ClearOutputPreprocessor.enabled=True --inplace
additional_dependencies: [jupyter]
repo: https://github.com/pre—commit/pre-commit—hooks
rev: v5.0.0
hooks:
id: check-yaml
args: [-—unsafe, —-allow-multiple-documents]
id: debug-statements
id: end-of-file-fixer
id: trailing-whitespace
id: no-commit-to-branch

: check-added-large-files . pre-com mlt-Confl g ,yam |

id: check-merge-conflict
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Creating an issue and branch

* Create issue/branch

* Conventional commit messages: hitps://www.conventionalcommits.org/en/v1.0.0/

() Issues 47 i1 Pull requests 22 ) Discussions  (*) Actions

is:issue state:open

() Open 47 Closed 4 Create new issue

[] © Change in newestv Bug Report
#81 - sahahner opened ye Report a bug in our software.

Feature request
Suggest a new feature for this project.

[} ® Copy Imputer enha
#71 - icedoom888 openec

. . . Maintenance request
[] ® Allow for multiple ir q

#69 - b8raoult opened 2 v
Blank issue

| O CombinedLoss not Create a new issue from scratch

#68 - OpheliaMiralles ope
User support issue

Request a dependency upgrade or a documentation improvement.

[ Projects 1 00 wiki @ Security |~ Insights 3 Settings

© Q | O Labels > Milestones m

I Create new issue

Add a title *

feat: mean squared logarithmic error

Is your feature request related to a problem? Please describe.

A clear and concise description of what the problem is.

Write  Preview

| would like to train a model using the mean squared logarithmic error as the loss function.

N
= Qog(y, +1) ~ log(; + 1)?
1=0

[} ® Multi-objective by \ Need help installing or running ECMWF software? Reach out to user support.

#63 - OpheliaMiralles ope

You can now add issue types to your forms and templates! Edit templates @ Paste, drop, or click to add files

[] © Discuss Integration

#58 - paulina-t opened 3 weeks ago

[] © AIFS graph recipe and model config enhancement (€D
#41 - pimmeerdink opened on Dec 19, 2024

Describe the solution you'd like

A clear and concise description of what you want to happen.

Write  Preview H B 7 = O & =
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A configurable implementation for mean squared logarithmic that can be instantiated through the config files.

«
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https://www.conventionalcommits.org/en/v1.0.0/

Code structure

* Look for the base class

BaseWeightedLoss{nn.Module, ABC):
e tralnlng Node-weighted general loss."™"

v losses
scalar: ScaleTensor

.ruff_cache PR
def __inmit_ (

> docs __I |"I|t___ Py self,
) N node_weights: torch.Tensor,
src comblned.py ignore_nans: bool =

“ anemoi/ training huber.py

> commands limitedarea.py

config Iogcosh.py _1:ur|ct10n: torch.nanmean or torch.mean
1f.sum_function: torch.nansum or torch.sum

» data mae.py depending on the value of ‘ignore_nans’

diagnostics mse.py

: torch.Tensor of shape (N, )

; distributed nodewmghts.py f.scalar: - modified with “add_scalar® and “update_scalar’
rmse.py

losses

utils.
schemas Py : torch.Tensor of shape (N, )

> train WEightEC"OSS.py Weight of each nede in the loss functien
ignore_nans : bool, optional
utils Allow nans in the lo nd apply methods ignoring nans for measuring the loss, by default Fal

__init__.py

. super{).__init_ {}
__main__.py
self.scalar = ScaleTensor()

self.avg_function = torch.nanmean if ignore_nans else torch.mean
self.sum_function tarch.nansum if ignore_nans else torch.sum

hydra_plugins

self.register_buffer("node_weights", nede_weights, persistent=True)
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Subclass from BaseWeightedLloss

name = "wrmle"

_ init_ {

self,

node_weights: torch.
ignore_nans:
dekkwargs,

er().__init_ {
node_weights=node weights,
ignore_nans=ignore_nans,
dkkwargs,

forward|(

scalar_indices: tupl
without_scalars:

out = torch.square(torch.log(pred + 1) torch.log{target + 1))
breakpoint()

out = self.scale{out, scalar indices, without scalars=without scalars)
return self.scale_by_node_weights(jout, squash|
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Configuration and Schemas

function object from anemoi.training.l
alars: list[PossibleScalars] = Field{default

the loss and apply methods ignoring nans for measuring the

HuberLossschema(
delta: float = 1.@

ireshold for Huber loss

WeightedMSELossLimitedAr
inside_lam: bool =
wmse_contribution: bool
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Tk?STlf]SJ def test_forward_pass(baS}c_lnputs) T> None:
pred, target, node_weights = basic_inputs
loss_function = WeightedMSLELoss(node_weights)
loss = loss_function(pred, target)

Write tests for functionality

assert isinstance(loss, torch.Tensor)
assert_close(loss, torch.tensor(0.0, device=loss.device))

test_weighted_forward_pass(device) —> None:

pred = torch.tensor([[[[1.0, 2.0], [3.0, 4.0]]]], device=device, requires_grad=True)
target = torch.tensor([[[[2.0, 2.0], [3.0, 4.0]1]], device=device)

node_weights = torch.tensor([1.0, 2.0], device=device)

loss_function = WeightedMSLELoss(node_weights)

loss = loss_function(pred, target)

assert loss.item() > @
loss.backward()
assert pred.grad is not None

Create Inputs for Tests

@pytest.fixture . .

def basic_inputs(device) —> tuple: Parametrise tests where possible
pred = torch.tensor([[[[1.0, 2.0], [3.0, 4.0]]]], requires_grad=True, device=de '
target = torch.tensor([[[[1.0, 2.0], [3.0, 4.0]]1]1], device=device) @ trize
node_weights = torch.ones([2], device=device) ' nol :

return pred, target, node_weights
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Update documentation

losses.rst Default Loss Functions

pefault Loss Functions By default anemoi-training trains the model using a latitude-weighted mean-

squared-error, which is defined in the wWeightedMSELoss class in

By default anemoi-training trains the model using a latitude-weighted

mean=squared—error, which is defined in the class in
. The loss function can be con

in the config file at ; and

anemoi/training/losses/mse.py . The loss function can be configured in the
$ cd docs
config file at config.training.training_loss , and

$ make htm-l config.training.validation_metrics .

The following loss functions are available by default:
The following loss functions are available by default:

Latitude-weighted mean-squared-error. » WeightedMSELoss : Latitude-weighted mean-squared-error.
Latitude-weighted mean-absolute-error.
: Latitude-weighted Huber loss.

: Latitude-weighted log—cosh loss. V|eW html |n bU|Id f0|der s WeightedHuberloss : Latitude-weighted Huber loss.

J LR B R R R e * eightedLogCoshLoss : Latitude-weighted log-cosh loss.
: Latitude-weighted rnot—rnean—Log—errurI

: Combined component weighted loss.

s lWeightedMAELoss : Latitude-weighted mean-absolute-error.

s lWeightedRMSELoss : Latitude-weighted root-mean-squared-error.

s lWeightedRMLELoss : Latitude-weighted root-mean-log-error.

e (CombinedlLoss : Combined component weighted loss.
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PRs

* PR against the default branch, currently main

Comparing changes

Choose two branches to see what’s changed or to start a new pull request. If you need to, you can also compare across forks or learn more about diff comparisons.

%) base: main v é‘ compare: test/webinar ¥+ Able to merge. These branches can be automatically merged.

Discuss and review the changes in this comparison with others. Learn about pull requests Create pull request

-O- 2 commits 2 files changed A 1 contributor

-0- Commits on Jan 29, 2025

feat: add root mean log error (@ 1c318a6 <>
’ theissenhelen committed 2 hours ago

docs: add root mean log error (© eebzazf <>
’ theissenhelen committed 2 hours ago
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PRs

* PR against the default branch, currently main

Comparing changes

Choose two branches to see what’s changed or to start a new pull request. If you need to, you can also compare across forks or learn more about diff comparisons.

%) basermain~ € compare: test/webinar ¥ v/ Able to merge. These branches can be automatically merged.

Open a pull request

Create a new pull request by comparing changes across two branches. If you need to, you can also compare across forks. Learn more about diff comparisons here.

T base:main~ € compare: test/webinar ¥+ Able to merge. These branches can be automatically merged.

9 Add a title )
Reviewers

feat: add mean squared log error Suggestions <>
. HCookie Request
Add a descri ptlon At least 1 approving review is required to merge <5y
this pull request.
Write Preview
. e Assignees o]
Description
No one—assign yourself
This PR adds the mean squared log error.
Labels @3
Type of Change enhancement
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Template for Pull Requests

Description

Type of Change

Bug fix (non-breaking change which fixes an issue)
New feature (non-breaking change which adds functionality)

Breaking change (fix or feature that would cause existing functionality to not
work as expected)

Documentation update

Issue Number

Code Compatibility

| have performed a self-review of my code

Code Performance and Testing

| have added tests that prove my fix is effective or that my feature works
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Cl/CD — Continuous Integration / Continuous development

Conversation resolution required Show all reviewers
A conversation must be resolved before this pull request can be merged. Learn more about pull request reviews.

K1 pending reviewer v

Unresolved conversations View

4 conversations must be resolved before merging.

o Some checks were not successful Hide all checks
1 skipped, 13 successful, and 12 failing checks
v Pull Request Labeler [ labeler (pull_request_target) Successful in 3s Details
v Test PR [ quality [ pre-commit-run (pull_request) Successfulin 1m Details
v Test PR [ checks (ubuntu-latest, 3.9, local-changes) (pull_request) Successful in 3m Details
v Test PR [ checks (ubuntu-latest, 3.9, all) (pull_request) Successfulin 4m Details
X Test PR [ checks (ubuntu-latest, 3.10, local-changes) (pull_request) Failing after 2m Details
X Test PR [ checks (ubuntu-latest, 3.10, all) (pull_request) Failing after 2m Details
This branch has conflicts that must be resolved Resolvelconflicts

Use the web editor or the command line to resolve conflicts.
Conflicting files
models/src/anemoi/models/layers/attention.py
models/src/anemoi/models/layers/block.py
models/tests/layers/block/test_block_transformer.py
models/tests/layers/chunk/test_chunk_transformer.py
models/tests/layers/processor/test_transformer_processor.py

models/tests/layers/test_attention.py
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Summary and Best practices

Start with an issue to facilitate discussions

* Prepare a PR that links to the issue

Always run pre-commit

Implement subclasses from appropriate base classes for new features

Anemoi follows PEP 8 guidelines for python code

Inline comments for more complex logic

Write tests for new features
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Useful commands

Config generation $ anemoi-training config generate

Config validation $ anemoi-training config validate -config-name=debug

Running training $ anemoi-training train -config-name=debug

° Running pyfesfs $ pytest training
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Questions?

anemoi-graphs.readthedocs.io
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https://anemoi-graphs.readthedocs.io/en/latest/
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