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ANEMOI
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• open-source framework that provides a complete toolkit to develop data-driven weather models 
– from data preparation through to inference

• highly modular framework organised into different Python packages 
• uses i.a. PyTorch, PyTorch Lightning,  Hydra, Pydantic, and earthkit
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What are the bottlenecks/hotspots?

shifting from pure compute à data movement, memory, scaling

• Data Loading: high-resolution datasets à increased data volume
• Memory: high-resolution global grids + transformer/GNN architectures → large tensors but limited 

batch size (GPU memory) à sharding !
• Communication: (all-reduce, synchronisation) and interconnect bandwidth

• Workflow imbalance: mismatch between data loading, compute, and output/postprocessing leads to 
idle resources

• Compute hotspots: expensive ops dominate forward/backward passes



PROFILING TOOLS
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• Nsight/ROCm Systems: timeline view of the entire application (CPU, GPU, Communication)
• Nsight/ROCm Compute: deep per-kernel performance analysis

• Anemoi Profiler: timeline trace of PyTorch- and user-annotated kernels and communication 
on CPU and GPU, memory snapshots of PyTorch-kernel wise memory allocations on GPU 

Ø user/developer friendly, anemoi specific, and portable

• Anemoi Dashboard: nightly tests on current anemoi-core main, logging throughput and 
peak memory usage

• ML Flow: system metrics per experiment (disk, cpu, gpu, power usage and utilisation)



ANEMOI PROFILER
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• wrapper around PyTorch Lightning Profiler
• instances: SimpleProfiler, PyTorchProfiler

• SimpleProfiler: reports the mean duration of each action/section 
and the total time spent over the entire training run

• PyTorchProfiler: PyTorch's Autograd Profiler, generates a timeline 
trace for operations on CPU and GPU

anemoi-training profile –config-name=... 

timeline traces per rank

Disclaimer:
All shown time and memory 
measurements are based on an 
artificial benchmark experiment 
and DO NOT represent real 
ANEMOI or AIFS performance!



TIMELINE TRACE – USER ANNOTATIONS
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https://ui.perfetto.dev/ 

https://ui.perfetto.dev/
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trace-analyser –i [TRACE DIR PATH] --detailed --plot
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ECPEAK
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- Luzie Hugger
ecpeak batches -i [PATH TO TRACE] -a anemoi -e gpu_batches

4 data loader
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1 data loader

ecpeak batches -i [PATH TO TRACE] -a anemoi -e gpu_batches
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7 data loader

ecpeak batches -i [PATH TO TRACE] -a anemoi -e gpu_batches



CONCLUSION
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Ø Multi-level tooling (system → kernel)
system profilers, dashboards, internal 
application/framework profilers, and kernel tools

Ø Strong visibility at individual levels
e.g. CPU/GPU/Memory/Power usage, time 
breakdowns, imbalances, GPU idle time, data 
loader stalling, communication overlaps, bottleneck 
detection 

Future direction: 
extend coverage, connection of all levels, automatic bottleneck detections

Ø Key gap: missing cross-level integration
system - application – framework – kernel 
à e.g. which module in the application causes the most 
GPU idle time? has the highest communication cost?

Ø Incomplete coverage
user annotations in the backward pass;
missing high-level memory summaries (application level)



MEMORY SNAPSHOTS
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https://docs.pytorch.org/memory_viz 

https://docs.pytorch.org/memory_viz


ANEMOI DASHBOARD – BENCHMARKS 
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https://anemoi.ecmwf.int 

https://anemoi.ecmwf.int/


ML FLOW
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https://mlflow.ecmwf.int

https://mlflow.ecmwf.int/

