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We need
lossless

compression

European Centre for Medium-Range Weather Forecasts archive size
Dataset provided by Mike Hawkins (ECMWF), Figure adapted from Milan Klöwer (Oxford)

Problem: Fast Growth in Earth System Science Data Volumes
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Wikipedia Logo v2 by Nohat. Available from https://en.wikipedia.org/wiki/File:Wikipedia-logo-v2.svg (CC BY-SA 3.0)
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lossless = same bits
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We need
lossy

compression

Problem: Fast Growth in Earth System Science Data Volumes
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European Centre for Medium-Range Weather Forecasts archive size
Dataset provided by Mike Hawkins (ECMWF), Figure adapted from Milan Klöwer (Oxford)

Wikipedia Logo v2 by Nohat. Available from https://en.wikipedia.org/wiki/File:Wikipedia-logo-v2.svg (CC BY-SA 3.0)
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lossy = approximation
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Solution: Some ready-to-use Scientific Compressors
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Quick Glossary:
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Compression

Lossless

Lossy

Codec

Filter

Compressor

Meta-Compressor

Error Bound

Pointwise 
Absolute

Pointwise 
Relative

Range-
Relative
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SC2.5 Overview:

Try out Compression Yourself

Compressor Pitch Presentations

Introduction to Compression with numcodecs
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numcodecs: Simple Compression Framework in Python
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import numcodecs
import numpy as np

codec = numcodecs.Zlib(level=6)

config = codec.get_config()
codec = numcodecs.get_codec(config)

data = np.linspace(-10, 10, 41)

encoded = codec.encode(data)

decoded = codec.decode(encoded)
decoded = codec.decode(encoded, out=np.empty_like(data))

Creating codecs

Recreating from config

Encode / Compress

Decode / Decompress



numcodecs-wasm: Bit-Reproducible Cross-Platform Compression

Expose pre-compiled scientific compressors to numcodecs with WASM

Cross-platform bytecode with limited instruction set but 2-3x slower [1]
Deterministic single-threaded ISA subset with e.g. only canonical NaNs

Compressors run in isolated 4GB sandboxes: no integration hell

numcodecs-*

compile e.g. SZ3 and 
adapt to numcodecs

numcodecs-wasm-*

WASM artifact 
package on PyPi

numcodecs-wasm

WASM engine 
executes codecs
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Why: Outreach, Interactive Documentation, Reproducible Science

[1] Jangda, A., Powers, B., Berger, E., & Guha, A. (2019). Not So Fast: Analyzing the Performance of WebAssembly vs. Native Code. arXiv.org. Available from: doi:10.5555/3358807.3358817.
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Try Compression Yourself: Getting Started
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git clone https://github.com/climet-eu/ 
egu26-compression-sc2-5.git
cd egu26-compression-sc2-5
git lfs install
git lfs fetch --all
uv sync
uv run jupyter lab

(a) Local Installation (b) Online Laboratory

Please ask,
if you need any help! 

Materials on GitHub: https://github.com/climet-eu/egu26-compression-sc2-5 or ask for our USB

(c) WiFi Laboratory

2.4G 5G

Then egu.lab.climet.eu

SSI: EGU26-SC2-5-Guest
SSI: EGU26-SC2-5-Guest-5G

Password: compression

iOS: turn off private relay
HTTPS certificate is self-signed
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Discussion with You and our Presenters:
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What do You need from Lossy Compression?

What concerns You about Lossy Compression?

What would you like to tell compression developers?
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Thank You for Your Participation!
Learn more about High-performance computation 

and Data Compression in Session ESSI2.2
in -2.33 at 16:15–18:00

Join us at the Data Compression ESiWACE3 
Hackathon on 15.09.-17.09.26

at ECMWF in Bonn, Germany or remotely
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