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Overview

- What’s anemoi-training and what you can do with it
- How to get started with anemoi-training
- Running anemoi-training = configuration.

-  Keep learning about anemoi-training
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Anemoi: An overview of its main components
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What’s anemoi-training about?

* Anemoi-training is a python package designed to allow users and developers to train machine learning
models for weather forecasting.

* Some of the key features supported by anemoi-training are:

¢ Code to train models, using pytorch-lightning and Hydra

* Support for autoregressive and multi-input & output forecasting.

*  Multi-node/multi-GPU support + efficient data and model parallelisation strategies
* Deterministic / probabilistic training + Downscaling + Autoencoder

* Callbacks for profiling, evaluating, plotting and logging intermediate results

* Experiment tracking with e.g. miflow

e Customised loss functions suitable for weather forecasting and variable scaling

& ECMWF



What’s anemoi-training about?

* What can't you do with it2

* It's not a general-purpose deep learning framework — it’s specialised in graph neural
networks.

*  You can’t train vision models with anemoi-training

* Is designed for multidimensional spatio-temporal modelling, not single-point temporal
forecasting.

* Who's this useful for?

« € Weather & climate ML scientist and engineers
e & Researches that want to build data-driven weather forecasting models

« [.! Institutions looking to develop its own operational DDWF models

& ECMWF



Example of what you can do with anemoi-training

Forecasting Deterministic Models

Global Model Stretched Grid
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Examples of models you can train with anemoi- _
Stretched Grid
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Examples of models you can train with anemoi-training

Temporal Downscaling

NN Input at 0320

* Noisy residuals (72 variables)
* Forcing fields (7 variables)

* 096 fields interpolated

to 0320 (72 variables)

Linear
—> interpolation —>
096 -> 0320

Spatial Downscaling

NEURAL NETWORK

Skip connection
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4 Predicted field at 0320 as a sum
\ s of output residuals and
\ . 4 096 to 0320 interpolated fields
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Examples of models you can train with anemoi-training
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Examples of models you can train with anemoi-training

Multiple-datasets

ERAS

CERRA

Atmospheric
variables

surface
variables
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Multiple-output

Single output time per model step
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Getting started with anemoi-training
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Anemoi: Interfaces Overview

anemoi an?WOi BaseAnemoiReader
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Anemoi: Interfaces Overview

class BaseAnemoiReader:
"""Anemoi data reader for native grid datasets.™""
def __init_ (
self,
dataset: str | dict | None = None,
dataset_config: str | dict | None = None,
start: datetime.datetime | int | None = None,
end: datetime.datetime | int | None = None,
"""Initialize Anemoi data reader."""
source = dataset_config if dataset_config is not
if source is None:
msg = "Either dataset or dataset_config must
raise ValueError(msg)
self.data = [JINEIEIId(_normalize_dataset_confi

& ECMWF

@cached_property
model(self)
""“Provide the model instance.

(
not (
"GLU" in self.config.model.pr
.Transformer" in self.config.model.pr

> pl.LightningModule: | train.py

Blame 596 lines (499 loc) 25.1 KB

or.layer_kernels["Activation"] ["_targef def _create_graph_for_dataset(self, dataset_path: str, dataf

def _create_graph_for_dataset[F{-18 YT E L HIE-S 4 I EY T

reate graph for a specific dataset, overriding the d

or.target_

# Determine filename

"Activation"] ["_target_

in self.config.model.encoder. lay ker
if (graph_filename := self.config.system.input.graph) if

.Transformer" in self.config.model.er

«target_
graph_filename = Path(graph_filename)
and not (

"GLU" in self.config.mo ar els["Activation"] [*_target_ '

if graph_filename.name.endswith(".pt"):
graph_name = graph_filename.name.replace(".pt",

and ".Transformer" in self.config.model.decoder.tar

) graph_filename = graph_filename.parent / graph_

), "GLU activation function is not supported in Transformer models, due to fixed

"Please use a different activation function." # Try loading existing

K { if graph_filename.exists() and not self.config.grap
wargs = . . -~ . q
"config": self.config, from anemoi.graphs.utils import get_distributed
"data_indices": self.data_ind

LOGGER. info("Loading graph data from %s", graph
return torch.load(graph_filename, map_location=g

"graph_data": self.c h_data,
"metadata": self.m
"statistics": self.dz
"statistics_tendencies": else:

“supporting_arrays": self.s graph_filename = None

# Create new graph

del_task = [ 1f.config. q .
pnbetl Getoclas =il Nt from anemoi.graphs.create import GraphCreator

model = model_task(#xkwargs)

graph_config = self.config.graph

# ALWAYS override dataset from dataloader config (ignor

if hasattr(graph_config.nodes, "data") and hasattr(grap

graph_config.nodes.data.node_builder.dataset = dataf
return (config=graph_config).create(
save_path=graph_filename,
overwrite=self.config.graph.overwrite,

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 14



Training Configuration

anemoi-core [ training / src [ anemaoi [ training / config /
« Set up to enable modifying key components of
the models and training without code changes

Name

.-
[ data
. .
- U the Hyd f tem
B dataloader sSing the ra contig syste
B diagnostics
e «  Templates f ' based
emplates 10r various use cases pbased on a
I model
— hierarchy of yaml files
B training
O _init__.py _
1 defaults:
[ autoencoderyaml 2 data: zarr 1 num_channels: 512
5 : 2 ffload: Fal
O configyami 3 dataloader: native_grid 3 fpu_otiioa atse
4 diagnostics: evaluation 4 keep_batch_sharded: True
[ debugyaml 5 system: example 5
[ raph: multi_scale [ model:
O diffusionyami o - 7 target_: anemoi.models.models.AnemoiModelEncProcDec
7 model: gnn —target_: . . .
8
[ ensemble_crps.yaml g training: default g layer_kernels:
D hierarchical yaml ¥ _5':”_ 18 # The layer_kernels can be adjusted per model component, but are d
18 11 Layerhorm:
D hierarchical_autoencoderyamil 11 12 # The GNN requires the autocast layer norm, otherwise its memory
D . . o I 12 # set to true to switch on config validation ii L._‘target_: anemoi.models. layers.normalization.AutocastlLayerNorm
interpolator_multiout.yam inear:
= config_validation: True 15 _target_: torch.nn.Linear
0 lamyaml 16 Activation:
. 17 _target_: torch.nn.GELU
™ multiyaml 18
. . 19 processor:
[ point_wise.yam| .
28 _target_: anemoi.models.layers.processor.GMNProcessor
D stretched.yaml 21 trainable_size: ${model.trainable_parameters.hidden2hidden}
22 sub_graph_edge_attributes: ${model.attributes.edges}
P num lavers: 1R

& ECMWF


https://hydra.cc/

Configs

data: These fields define the variables used by the model and how to normalise them

config
data dataloader: These fields define parameters about we load the data specified in "data/".
dataloader diagnostics: Diagnostics produced during training with the validation dataset.

diagnostics . .ge . .
system: HPC/device specific configurations

graph

model graph: Your graph recipe

system model: The graph neural network configuration

training training: Training hyperparameters (learning_rate, loss function, ...)

& ECMWF



Command Line Interface

* Generate user config folder:

>>> anemoi-training config generate

* Start a training run with the default configurations:

>>> anemoi-training train

e Start a training run with user settings:

>>> anemoi-training train --config-name=m

Three ways to modify config entries:

- Edit directly in the copied config folder
- Add overrides in the top-level config

- Useclioverrides

& ECMWF

config

The training script will intentionally crash
as it does not know where your data is
stored.

These missing values in the configuration
are placeholders for the user tofillin
marked with ???2.




How to point to where your data is stored

Option 1 (in low-level config)

dataset: 777

graph: 777 “~~
# To Lload the graph from «kl; ~~~~~~ . .
# Then for each dataset lr'r}\\'_.' ~~~~~~ 4 PICked up by top-level Conflgs
# If no such file exists, thy
truncation: null “
oo matrires gt matt Y e Can edit here directly
S'y'ET.F_'r'ﬂ warm_start: null ‘\“
> BW hardware \ * Sets a default for all top-level configs
\
v @ input ‘\\ pointing to this file
Y
[ exampleyaml \ . i i
\ * Difficult to port to other configurations
w output d \\
D axa mplE'_-,"ﬂmI 3 by_epoch-epoch_{epoch:03d}-step_{step: 064} “\ . . .
Sl nn s | Option 3 (as cli override)
[ example.yami Srorhy e snen tupec R e ten T \
\\
[ slurm.yaml . .. . . .
>>> anemoi-training train --config-name=config.yaml
. I, . . .
Option 2 (add ovefrides in top-level config) system.input.dataset=“my_dataset_name.zarr”
]

)
)
I
n

# Modifications for the multi dataset template "multi.yaml™
system:
input:
dataset: anemoi-integration-testsStraining/datasetsfaifs-ea-an-oper-80@l-mars-o96-2017-2017-6h-vB-testing.zarr

dataset_b: anemoi-integration-tests/training/datasets/cerra-rr-an-oper-0881-mars-5p5km-2017-2017-6h-v3-testing. zarr

& ECMWF



Loss function

training_loss:

_target_: anemoi.training.losses.MSELoss

Probabilistic Loss Functions

Deterministic Loss Functions The following probabilistic loss functions are available by default:
By default anemoi-training trains the model using a mean-squared-errar, which is defined in the

, . . s  KernelCRPSLoss @ Kernel CRPS loss.
MSELoss classin anemei/training/losses/mse.py . The loss function can be configured in the config :

= ; - s AlmostFairKernelCRPSLoss @ Almost fair Kernel CRPS loss see Lang et al. (2024).
file at con ig.training. training_loss cand  con ig.training.validation_metrics . ) i ) i i
*  WeightedMsELoss : is the MSELoss used for the diffussion model to handle noise weights

The following loss functions are available by default:
The config for these loss functions is the same as for the deterministic:

* M5ELoss @ mean-sguared-error.

*  AMsELoss :root mean-squared-error. # less function for the model
*  MAELoss : mean-absolute-error. training loss:
datasets:

*  HuberLoss : Huber loss. your_dataset_name:

* LogCoshLoss : log-cosh loss. # loss class to initialise
_target_: anemol.training.losses.kcrps.KernelCRPSLoss

* CombinedLoss @ Combined component weighted loss. )
# loss function kwargs here

< ECMWF



| oss function Scalers

general_variable:
_target_: anemoi.training.losses.scalers.GeneralVariablelLossScaler

# loss function for the model
weights:

default: 1

q: 0.6

training_loss:

class to initialise
t: 6
u:
v: 0.5
w: 0.001
Z: 12 ¥
sp: 10
18u: 0.1
1év: 0.1
2d: 8.5
tp: 0.025

1 1 x
el S S sy e |
i |G025°

_target_: anemoi.training.losses.MSELoss
include in loss calculation
lection of available scalers are listed in traininc
'x' is a valid entry to use all ‘scale n, if a ler is to be excluc

add " !s r_name’, i.e. ['x', 'l!scaler_1'], and “scaler_1" will not be added.

scalers: ['pressure_level', 'general_variable', 'node_weights']

ignore_nans: False

|D batchl Ttrain :
do € Dpatch T€L:Tirain i€Gg 250 jeJ
. 1 blv - squared error pressure_level:
forecast date-time ead time spatial location variable-leve . . .
P _target_: anemoi.training.losses.scalers.ReluVariablelLevelScaler
group: pl
= I moisture: cp, tcw, tp - q oo
104 d1 i | other: 100u, 100v, 2d, 2t, hcc, lcc, mecc, msl, ro, y_lntercept 0.2
E. B sf. skt, sp, ssrd, stil, sti2, strd, swvll, swvi2
| tec slope: 0.001
] A . | q: q_50, q_100, g_150, g_200, g_250, q_300, q_400,
10 il | i 1l B ; 560, 9_600, g_700, _850, q_925, q_1000
I i L | | BN sfc_wind: 10u, 10v .
\ s £ £.50, £ 100, £ 150, £ 200, t 250, t 300, t 400, node_weights:
1072 4 1 t 500, t 600, t 700, t B850, t 925, t 1000 . . .
[ A u: u_50, u_100, u_150, u_200, u_250, u_300, u_400, _target_: anemoi.training.losses.scalers.GraphNodeAttributeScaler
u_500, u_600, u_700, u_850, u_325, u_1000
- v: v_50, v_100, v_150, v_200, v_250, v_300, v_400, nodes_name: ${graph.data}
10 W= 500, v_500, v_700, v_850, v_925, v_1000 - .
T ‘ w: w_50, w_100, w_150, w_200, w_250, w_300, w_400, nodes_attribute_name: area_weight
LI LLILL LLILLILIL w_500, w_600, w_700, w_850, w_325, w_1000
o < o B s A : A g 2 250, 2 100, z 150, z_200, 2250, z_300, z_400, norm: unit—-sum
S §" § ! 2,500, 2600, z.700, 2 850, z.925, 21000
& 5



Tasks

* BaseGraphModule : The abstract base class for all task-specific models, encapsulating shared logic

for training, evaluation, and distributed execution.
o Tasks: Task-specific subclasses that implement models for deterministic forecasting,

interpolation, ensemble learning, etc.
trainer e AnemoiTrainer : The training orchestrator responsible for running and managing the training and
validation loops.

To train a model, users typically subclass one of the pre-implemented graph modules or create a

new one by extending BaseGraphModule .

1. Deterministic Forecasting — GraphForecaster

2. Ensemble Forecasting — GraphEnsForecaster
3. Time Interpolation — GraphMultiOutInterpolator

Model (Lightning

Module)

4. AutoEncoder — GraphAutoEncoder

c ECMWF https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#available-tasks


https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.forecaster.GraphForecaster
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.ensforecaster.GraphEnsForecaster
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.interpolator.GraphMultiOutInterpolator
https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#anemoi.training.train.tasks.autoencoder.GraphAutoEncoder

I a S kS anemoi-core | training / src [ anemoi [ training / train / train.py
Code 596 lines (499 loc) - 25.1 KB

Blame
201 msg = t"Dataset source is None ftor dataset ‘{dataset_name}'. Check dataloader.dataset_contig.dataset.”
202 raise ValueError(msg)
203 graphs [dataset_name] = self._create_graph_for_dataset(dataset_source, dataset_name)
204 return graphs
205
206 @cached_property
207 v def model(self) -> pl.LightningModule:
208 """Provide the model instance."""
209 assert ( .
210 not ( class BaseGraphModule(pl.LightningModule, ABC):
- 211 "GLU" in self.config.model.processor.layer_kernels["Activation"]["_target_"] def _init_( .
tra I n e r 212 and ".Transformer" in self.config.model.processor.target_ super().__init_0)
iﬁ ;nd not ( assert isinstance(graph_data, dict), "graph_data must be a dict keyed by dataset name"
215 "GLU" in self.config.model.encoder. layer kernels["Activation"] [" target "] assert isinstance(data_indices, dict), "data_indices must be a dict keyed by dataset name"
216 and ".Transformer" in self.config.model.encoder.target_
217 ) # Handle dictionary of graph_data
218 and not ( graph_data = {name: data.to(self.device) for name, data in graph_data.items()}
219 "GLU" in self.config.model.decoder.layer_kernels["Activation"]["_target_"] self.dataset_names = list(graph_data.keys())
220 and ".Transformer" in self.config.model.decoder.target_
221 ) # Create output_mask dictionary for each dataset
222 ), "GLU activation function is not supported in Transformer models, due to fixed dimensions. " self.output_mask = {}
223 "please use a different activation function." for name in self.dataset_names:
= e 224 self.output_mask[name] = instantiate(config.model.output_mask, graph_data=graph_data[name])
MOdel. (nghtnlng 225 kwargs = {
226 "config": self.config, # Handle supporting_arrays merge with all output masks
M Od u le) — Ta S k 227 "data_indices": self.data_indices, combined_supporting_arrays = supporting_arrays.copy()
228 "graph_data": self.graph_data, for dataset_name, mask in self.output_mask.items():
229 “metadata": self.metadata, combined_supporting_arrays [dataset_name].update(mask.supporting_arrays)
230 "statistics": self.datamodule.statistics,
231 "statistics_tendencies": self.datamodule.statistics_tendencies, if not hasattr(self.__class__, "task_type"):
232 “'supporting_arrays": self.supporting_arrays, msg = """Subclasses of BaseGraphModule must define a 'task_type' class attribute,
233 } indicating the type of task (e.g., 'forecaster', 'time-interpolator')."""
234 raise AttributeError(msg)
235 model_task = get_class(self.config.training.model_task)
i:g model = model_task(#kkwargs) # GraphForecaster —> pl.LightningModule metadata["metadata_inference"] ["task"] = self.task_type

self.model = AnemoiModelInterface(

fa— statistics=statistics,
M O d e l. (TO rC h M 0 d u l.e) - statistics_tendencies=statistics_tendencies,
data_indices=data_indices,
M O d e l metadata=metadata,
supporting_arrays=combined_supporting_arrays,

graph_data=graph_data,
config=config,

)
self.config = config

self.data_indices = data_indices
self.save_hyperparameters()

self.statistics_tendencies = statistics_tendencies

c ECMWF https://anemoi.readthedocs.io/projects/training/en/latest/modules/train.html#available-tasks



Configs

anemoi-training train model=gnn

anemoi-training train model=graphtransformer

anemoi-training train model=transformer

* Make it easy to
switch components

* Allow for
reproduceable
training

* Easy to extend with
new models and
components

l
_w ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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model

gnn.yaml
graphtransformer.yaml
graphtransformer_diffusion....
graphtransformer_diffusion...
graphtransformer_ens.yaml
point_wise.yaml
transformer.yaml
transformer_diffusion.yaml
transformer_diffusiontend.y...
transformer_ens.yaml

transformer_transformerma...

num_channels: 1024
cpu_offload: False

keep_batch_sharded: True

model:
_target_: anemoi.models.models.AnemoiModelEncProcDec

processor:
_target_: anemoi.models.layers.processor.GraphTransformerProcessor
trainable_size: ${model.trainable_parameters.hidden2hidden}
sub_graph_edge_attributes: ${model.attributes.edges}
num_Llayers: 16
num_chunks: 4
mlp_hidden_ratio: 4 # GraphTransformer or Transformer only
num_heads: 16 # GraphTransformer or Transformer only
gk_norm: False
cpu_offload: ${model.cpu_offload}
gradient_checkpointing: True
layer_kernels: ${model.layer_kernels}
graph_attention_backend: "triton"™ # Options: "triton", "pyg"
edge_pre_mlp: False

encoder:
_target_: anemoi.models.layers.mapper.GraphTransformerForwardMapper
trainable_size: ${model.trainable_parameters.data2hidden}
sub_graph_edge_attributes: ${model.attributes.edges}
num_chunks: 4
mlp_hidden_ratio: 4 # GraphTransformer or Transformer only
num_heads: 16 # GraphTransformer or Transformer only
gk_norm: False
cpu_offload: ${model.cpu_offload}
gradient_checkpointing: True
layer_kernels: ${model.layer_kernels}
shard_strategy: "edges"
graph_attention_backend: "triton"™ # Options: "triton", "pyg"
edge_pre_mlp: False

decoder:
_target_: anemoi.models.layers.mapper.GraphTransformerBackwardMapper
trainable_size: ${model.trainable_parameters.hidden2data}
sub_graph_edge_attributes: ${model.attributes.edges}
num_chunks: 4
mlp_hidden_ratio: 4 # GraphTransformer or Transformer only
num_heads: 16 # GraphTransformer or Transformer only
initialise_data_extractor_zero: False
gk_norm: False
cpu_offload: ${model.cpu_offload}
gradient_checkpointing: True
layer_kernels: ${model.layer_kernels}
shard_strategy: "edges"
graph_attention_backend: "triton"™ # Options: "triton", "pyg"
edge_pre_mlp: False



Schemas

A\ Pydantic

Bringing schema and sanity to your data

& ECMWF



Config validation

anemoi
* In % training , runs are controlled by YAML configuration files defining datasets, model

architecture, hyperparameters, ...
*  Misconfigured fields can silently break runs or produce inconsistent results.

* Schema validation ensures:
— Consistency: all configs follow the same structure and naming.
— Error prevention: catches typos, missing fields, wrong data types before training starts.

— Transparency: users and automated systems know exactly what parameters are valid.

* Validate a config file: o
>>> anemoi-training config validate --config-name my config é Pyda n tl C

Bringing schema and sanity to your data

& ECMWF



S Ch e | I I aS # Class DataSETDG:-ESCT'-EI'IS(F]'ﬂal'lt'_l:ﬂaiEﬂ{IﬂELf :

“=f £lass used to represent the configuration of a single dataset.”"*

forcing: list(str] = Field(detault_factory=Llist)

“Features that are not part of the forecast state but are used as forcing to generate the forecast state.”
diagnostic: list[str] = Fileld{default_factory=1ist)

"Features that are only part of the forecast state and are not used as an input to the model.”

target: Uist[str] | Mone = None

1 defaults: i
2 datas "Features used to compute the loss agailnst forecasted variables.
- data: zarr "Cannot be prognostic or diagnostic, can have the same name as forcing variables *
3 = dataloader: natigt_grid “put have a different role. Such that: prognostic = diagnostic - forcing.unienftarget).”
1
4 - diagnostics: evaluation
N processors: dict[str, PreprocessorsSchema)

3 5:"51'1:"1' Examp le “Layers of model performing computation on latent space.

B - gI"HFII'I: rh-ulti_sca'l_: Frocessars including imputers and normalizers are applied in arder of definition. [single dataset mode)”

7 - model: gnn

a - training: defaolt + Class Dataschema(PydanticBaseModel):

g “="i Class used 10 represent the overall configuration of the dataset(s).

9 - _self_
18 Attributes
11 format @ str

The format of the data.

12 # set to true to switch on config validation resplution : str
13 tﬂnlig validation: Trus The resolution of the data.

freguency : str
The frequency of the data.
timestep ! str
The timestep of the data.
datasets ! dict[str, DatasetDataSchema] | Mone
"Dictionary mapping dataset names to their configurations."
num_features : int, ocptional
The number of features in the forecast state. To be set in the code.

format: str = Field(exanple=None}

“Format of the data."

frequency: str = Fileld{example=None)

“Time freguency requested from the dataset.”

timestep: str = Fleld(example=hone)

“Time step of model [must be multiple of frequency).”
datasets: dict[str, DatasetDataSchema] | Mone = Mone
“Dictionary mapping dataset names to their configurations.'
num_features: int | Mone

—A E‘ MWF “Numter of features in the forecast state. To be set in the code.™



Scaling your models

& ECMWF



Why do we parallelise?

anemoi-core / training / src / anemoi [ training / config / training / default.yaml

Code

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
a5
86
87
88
89
20
91
92

# R B ¥ R B ¥ R K ¥

#
#
#
#
#
#

Blame 197 lines (168 loc) - 7.01 KB

Optional: configuration for AdEMAMix (custom optimizer)
Uncomment the lines below to enable it

_target_: anemoi.training.optimizers.AdEMAMix.AdEMAMix # Custom optimizer
betas: [0.9, .95, ©.9999] # Bi, B2, B3

alpha: 8.0 # Mixing factor controlling EMA fusion
beta3_warmup: 260000
alpha_warmup: 260000
weight_decay: 0.01

# Warm-up steps for Bs (in iterations)
# Warm-up steps for a (in iterations)

Optional: configuration for ZeroRedundancyOptimizer
_target_: torch.distributed.optim.ZeroRedundancyOptimizer
optimizer_class:

_target_: torch.optim.AdamW

_partial_: true
betas: [@0.9, 0.95]

# select model
model_task: anemoi.training.train.tasks.GraphForecaster

# select strategy

strategy:
_target_: anemoi.training.distributed.strategy.DDPGroupStrategy
num_gpus_per_model: ${system.hardware.num_gpus_per_model}

read_group_size: ${dataloader.read_group_size}

<> ECMWF

Data-Distributed

This is used automatially if the number of parallel data GPUs = number of GPUs available/number of
GPUs per model is an integer greater than 1. In this case the batches will be split across the number
of parallel data GPUs meaning that the effective batch size of each training step will be the number
of batches set in the dataloader config file multiplied by the number of parallel data GPUs.

Model Sharding «

It is also possible to shard the model across multiple GPUs as defined by the Distributed Data
Parallel (DDP) Strategy.

In essence the model is sharded with each GPU receiving a different part of the graph, before being
re-integrated when the loss is calculated, as shown in the figure below

1N (Locat (N d)
alitoall comm alltoall comm
x
¢, . 1N4) Locak N, ) "”Er”
\ x> -E ‘g \ L] o
5 | a N
AT = =
lq |u_¢|(w.|m® e~ aE = 1n,g/p) | [T {Rocakin, a)
(2] A By - {lil== jco
e . X " s n
,‘ =
6.4 y [N.d) (LocalN/P, &) NPl
== L
Wy v & i) ‘
10,91
N: sequence length @ @
d: hidden size -~
he: head count .
NG Locakin/e, 4

P: total processor (GPU) count
Assumes P =hc=4
0

Model Sharding (source: Jacobs et al. (2023))

To use model sharding, set config.system.hardware.num_gpus_per_model to the number of GPUs you
wish to shard the model across. Set config.model. keep_batch_sharded=True to also keep batches

fully sharded throughout training, reducing memory usage for large inputs or long rollouts. It is
recommended to only shard if the model does not fit in GPU memory, as data distribution is a much
more efficient way to parallelise the training.
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Why do we parallelise?

anemoi-core / training / src [ anemoi / training / config / model / graphtransformeryaml|

‘}‘ 5 people feat(training): make activation checkpoints configurable (#797) =

Shard model over more GPUs

Code Blame 146 lines (129 loc) - 5.29 KB

1 num_channels: 10824 . - . .

7 cpuoffload: False If your model instance still does not fit in memory, you can shard the model over multiple GPUs.
3

4 keep_batch_sharded: True

5

z moi:;;getf: anemoi.models.models.AnemoiMode LEncProcDec System:

9 layer_kernels: ha rdwa re:

10 # The layerfkernels can be aajusten per model mmpnnent. but are defined here for convenience.

1 Layertiorn: num_gpus_per_model: 2

12 JargetJ turch.nn.Layemorn

13 Linear:

14 JargetJ torch.nn.Linear

O R L . .

v queryorn: This will reduce memory usage by sharding the input batch and model channels across GPUs.

18 JargetJ anemm.mnels.layers.rmrmaleation.Auta{astLayerNurm

19 bias: False

20 KeyNorm:

2 The number of GPUs per model should be a power of two and is limited by the number of heads in
23

2 processar: your model, by default 16.

25 JargeL: BHEMOL.IIIN!EIS.laVeFS.pI’OEESSﬂr.GTBD?\T}’EHSTDY"IE}’FVG{EE-E-G?’

26 tramanleﬁsize: Hmmel.tramahle?paraneters.nmnenznmden}

27 sub_graph_edge_attributes: ${model.attributes.edges}

28 num_layers: 16

e et o oo oy Sharding a model over multiple GPUs can also increase performance, as the compute workload is
e nTranTOTer or Transtomer ony divided over more GPUs. However sharding a model over too many GPUs can lead to decreased
33 cpu_offload: ${model.cpu_offload} . . . . . . .

#o st acgunrgt e performance from increased collective communication operations required to keep the GPUs in
35 layer_kernels: ${model.layer_kernels

T D amenion eekends Triont #oponss meeert, fover sync. Additionally, model sharding increases the total number of GPUs required, which can lead to
®  encuden longer queue times on shared HPC systems.

a0 _target_: anemoi.models. layers.mapper.GraphTransformerForwardMapper

a1 trainable_size: Hmudel.tralnahleiparameters.datalhldden}

42 sub_graph_edge_attributes: ${model.attributes.edges}

B e ratios & 4 GraTransformer or Transfarner anty The GPUs within a node typically are connected via a faster interconnect than GPUs across nodes.
a5 num_heads: 16 # GraphTransformer or Transformer only

% demomm False For this reason model sharding typically performs less efficiently once a model instance is sharded
a7 cpu_offload: ${model.cpu_offload}

48 gradient_checkpointing: True .

©  layer kernels: ${nodel. layer kernels} across multiple nodes.

58 shard_strategy: “edges"

51 graph_attention_backend: "triton" # Options: “triton", “pyg"

52 edge_pre_mlp: False

53

ol
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Why do we parallelise?

* Faster training!
e Share the work across multiple GPUs e.g. 1 attention head per GPU
 Each can compute a fraction in parallel

* ... and sychronise their results via messages at the end

* Larger models!

e Splitthe globe across multiple GPUs
 Each GPU only needs to communicate the boundary conditions

* Never materialise the full globe in a single GPUs memory

<> EC
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Parallelism in Anemoi

* Data Parallelism: DistributedDataParallel (PyTorch)

* Model Parallelism: domain-specific sharding

<~ ECMWF
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Parallelism in Anemoi

3
-~
=

e Data Parallelism: DistributedDataParallel (PyTorch)

o Distribute training batch across model replicas

o Aggregate gradients via all-reduce, good scaling (=

-------

o Limited by batch size =

* Model parallelism: domain-specific sharding

o Distribute input data and activations across GPUs 151512

5

9 | 10 L11 12

o Collective communication to handle synchronisation
1711819 | 20

21

o Limited by communication overheads o126 1 27 | 28

29

l
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Experiment tracking
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Experiment tracking

1 mLf Low:
enabled: False

_target_: anemoi.training.diagnostics.mlf low. lagger.AnemoiMLT LowLogger

v B disgnostics 4 offline: False
5 authentication: False
[ benchmark_profier 6 tracking_uri: 777
> M calbacks 7 experiment_name: 'anemoi-debug®
. v [ log 8 project_name: 'Anemoi’
tralner L (oL A 9 system: False
[ wandb.yaml 1@ terminal: True
11 run_name: null # IT set to null, the run name will be the a random UUID
12 on_resume_create_child: True
13 expand_hyperparams: # Which keys in hyperparams to expand
14 = config
15 http_max_retries: 35
16 max_params_length: 2888
17 save_dir: $#{system.output. Logs.mLf Low}
18 interval: 188 # passed to trainer. log_every_n_steps

AnemoiMlflowLogger m Iflow

Weights & Biases Weights & Biases
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Anemoi.training — MLFlow servers for Experiment Tracking

@ & GitHub

m I ' 2110 Experiments Models Docs

aifs_pressure_level_scaling > Comparing 2 Runs from 1 Experiment >

val_t_100_1

Completed Runs @
G 2|2

Points: ()

. 1.1 s =
Line Smoothness @ —e— val_t_100_1, relu scaling, min=0.1
. 1 1 ~e— val_t_100_1, relu scaling, min=0.2

0.9
X-axis: 0.8
(O Step
== 0.7
() Time (Wall)
© Time (Relative) 0.6
Y-axis: 0.5

val_t_100_1 X v

0 5k 10k 15k 20k 25k 30k 35k
Y-axis Log Scale: @)

Download datad

p aa
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MLflow server

Anemoi-training

Callbacks

Internet mlf/.)W
mlfl.)w (f_\) Tracking Server
© PyTorch Lightning ‘ C J
T [11} @

Console or web browser Parameters Metrics  Artifacts

AnemoiMLflowLogger

I Miflow sync

L X ] D Mihow x 4 .
€ [+] 5 i ? start_time&orderByAsc=falsehstartTime=ALL&lifecycleFiter=Actives.. & = e ome svadsble | @@ oﬁ
[ 216.2 xperiments Models Gif doc @ d -
Experiments ®E  rmi-lumi-anemoi-lam-cerra-dey © P Fosback [ Add Sescrption Metadata Models

Runs  Evaluation (RN Traces [cxcerimentai]
|2k an ol = "t @ | Timecreated v  State: Active v
v 3 Sort: Created ~ (D Columns ~ @ Groupby ~

[A) dop-train -
R sop-train -

(R dop-train -
() dop-train -

alamin () ogtran -
() dop-train. -
(R dog-train

[
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Contributing to %anemoi
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Open an Issue

Go to the repository (e.g. github.com/ecmwf/anemoi-core).

o Click “Issues” — “New issue.”

Open 124 Closed 97 Author ~ Labels ~ Projects ~

o Choose the right template (bug report, feature request). T e Ee s e

#633 - maxiimilian open

F | I | | n CI ear d etal |S . miflow_sync error message throws error itself | bug

#622 - dietervdb-meteo opened last week

Deprecation proposal: GNN model | ATS Approval Needed

o What happened? #621 - japols

Make historical versions of Anemoi documentation accessible on Read the Docs ' documentatid

o What are the steps to reproduce the bug? #6183 - elir opened last wesk
Confusing progress bar. | bug
O What happened (i nCI ude Iogs’ error messageS) #614 - jakob-schloer opened 2 wee

Mappers are behaving differently | bug

#611 - icedoom888 opened 2 weeks ago

o Environment (Python version, OS, dependencies)

Callbacks refactor + Support for Multiple datasets ( enhancement

#610 - anaprietonem opened 2 weeks ago

Submit: maintainers will triage and respond.

https://anemoi.readthedocs.io/en/latest/contributing/contributing.html

& ECMWF



Create a Pull Request (PR)

When: You've fixed a bug, improved documentation, or added a feature.

Additionally, contributors can tag @ecmwf/anemoitechnicalsubgroup in issues or PRs to explicitly
® Fork the rep03it0ry to your GitHub account. highlight topics requiring subgroup attention. This can be especially helpful to summarize a

disagreement, flag a potentially controversial feature, or raise visibility for decisions that require
alignment across institutions.

Anemol Security Group

git checkout -b fix-dataloader-bug

The @ecmwf/anemoisecurity group is a core part of Anemoi's governance and review process.

Members of this group are automatically tagged in pull requests that touch sensitive or protected
areas of the codebase, as defined in each repository's cobeownNeRrs file. Their role is to ensure

* Make and test your changes.

: : istent application of best practices, integrity, and to offer early guidance where there may be
e Commit with a clear message. consts
g ambiguity or technical disagreement—before discussion at the Anemoi Technical Subgroup (ATS).

*  Push your branch and open a PR on GitHub.

O In the PR description, explain what you changed and why.

* Wait for automated checks & maintainer review.

https://anemoi.readthedocs.io/en/latest/contributing/governance.html
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Keep Learning about anemoi-training

* Docs:
https://anemoi.readthedocs.io/projects/training/en/latest/

« Config templates: hitps://github.com/ecmwf/anemoi-
core/tree/main/training/src/anemoi/training/config

C 2% github, f/fanemoi?tab=r file#overvie w

* Integration tests configs:

] README 512 Apache-2.0 license

https://github.com/ecmwf/anemoi- Anemoi Framework
RETE incusating |

core/tree/main/training/tests/integration

This software is Incubating and subject to ECMWF's guidelines on

own data for ML-based weather prediction.

* https://github.com/ecmwf/anemoi

Overview

& ECMWF


https://anemoi.readthedocs.io/projects/training/en/latest/
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/src/anemoi/training/config
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration
https://github.com/ecmwf/anemoi-core/tree/main/training/tests/integration

anemoi-configs

O ecmwf / anemoi-configs

() ecmwt / anemoi-configs

Code lssues 1 [ Pullrequests 1 L) Discussions (9 Actions [f] Projects 1 Security Insights Settings

<> Code () Issues 1 {9 Pull requests 1 ) Discussions () Actions [

Files / | aifs-single-mse-1.1/

main &) anaprietonem

[1 Files [aifs | &

> [ .github

- @ configs

P main €D anaprietonem fix diagnostics path

= aifs assets

M aifs-single-mse-1.0 dataset

Q Gotofile P ——
training
I assets

X S R () README.md
> [ .github ot

I training ] environment.txt

. ) [) README.md

(9 environment.txt README.md

v B aifs BB aifs-single-mse-1.0 > (G

% README.md

v [ configs

N AIFS-Single-MSE-1.1
> [ aifs-single-mse-1.0 B aifs-single-mse-1.1 ::(.‘

> - aifs-single-mse-1.1 | CONTRIBUTING.md

LICENSE

Details

Here, we introduce the Artificial Intelligence Forecasting System (AIFS), a data driven forecast model developed by the European Centre
. for Medium-Range Weather Forecasts (ECMWF).
> [ template IEE e

The release of AIFS Single v1.1 represents a slight modification to the AIFS model. Version 1.1 supersedes the existing operational version,
D READM E md The new version, 1.1, brings minor changes to the v1.0 model. These changes mainly correspond to the removal of
- spurious rainfall points caused by incorrect soil moisture loss weighting during training of the v1.0 model.

> [ tools

> [ tutorials
[ CONTRIBUTING.md
[ LICENSE

[Y README.md
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Questions
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