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Complexity of ecosystems




.~ Scenario 2

Physical system Digital twin Scenario 3

But... scattered data and models




LTER-LIFE: a Dutch DT infrastructure project

Working with the LTER-LIFEinfrast ructure
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Data-centric research lifecycle
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“Virtual Research Environments (VREs) provide user-centric support for discovering and selecting data and software services from different

sources and composing and executing application workflows, ..." (Jeffery et al., 2020)




How to support data-centric experiments

Computational notebooks

o

o

o

o

Widely used by researchers
Documentation and visualization alongside
code

Interactive code execution

— developing and tweaking models

Virtual research environment

o

o

o

o

o

Collaboration

FAIR data, models and services

Remote infrastructure

Scaling up models (e.g. porting prototype to
large-scale cloud environment)

— sharing mature models & more

Combined, they are NaaVRE
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Research activities and Jupyter extensions
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Notebook-as-a-\VRE and Virtual Labs
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From notebooks to cloud workflows

1. PROTOTYPE MODEL IN NOTEBOOK
2. CONTAINERIZE CELLS

Encapsulate user-selected cells as
standardized services and
containerize them as reusable
components.

Code cell = =

docker
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SFlittin big files into smaller
files before retiling

This step can be added if the original files are too large

for normal VMs to process

# S2 split big files "N s F R
import numpy as np

def save_chunk_to_laz_file(in_filename,
out_filename,
offset,
n_points):
"""Read points from a LAS/LAZ file and write then
points = np.array([])

with laspy.open(in_filename) as in_file:
with laspy.open(out_filename,
mode="w",
header=in_file.header) as out]
in_file.seek(offset)
points = in_file.read_points(n_points)
out_file.write_points(points)
return out_filename

def split_strategy(filename, max_filesize):

Mode: Edit @ Ln 1, Col 21 Laserfarm.ipynb




From notebooks to cloud workflows
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Workflows / argo n-a-a-vre-gabriel-pelouze-at-lifewatch-eu-tsgbr WORKFLOW DETAILS
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From notebooks to cloud

workflows

4. RUN THE WORKFLOW: Automate the workflow
components deployment and execution
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Digital Twin Virtual Labs

- Veluwe (forest)
- Bud burst prediction
- Forest model
- Wolf-deer-tree
trophic interaction
- Waddenzee
(intertidal zone)
- Remote sensing of
primary production

FAIR Data & Models b Virtual Lab

Community




Digital-twin oriented developements and open challenges

Digital-twin

e Model and data FAIRification
e Model composition and runtime integration (“DT engine”)
e Alindigital twins (e.g. knowledge graphs, machine learning, fundation models)

Supporting

e FAIR Digital Objects (RO-crate)
e Community engagement
e Software quality




Notebook as a
Virtual
Research
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