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About Us

Building the software powering science

● Since 2020, in Eindhoven, NL
● Extensive track record:

○ Simulation software
○ Numerical methods
○ Machine Learning
○ High Performance Computing
○ Visualization
○ Performance optimization

● Team of 10 with MSc/PhD in Fusion, 
Applied Physics, CS or Mathematics



IMAS

● Standardized data ontology
● In-memory data structures
● File formats
● Software tools
● Physics applications & interoperability

https://imas-data-dictionary.readthedocs.io/en/latest/ 

https://imas-data-dictionary.readthedocs.io/en/latest/


What’s in a digital twin

(M3) simulators

IMAS

viz



Waveform Editor

● YAML format for specifying waveforms
○ Machine & human-readable descriptions

■ e.g. linear, piecewise, repeat, sine
○ Easy to share, alter, review
○ LLM compatible

 

● With expressions
○ waveform1 = waveform2 + 10 * waveform3

● Output IMAS variables
○ Export to PCSSP, M3 actor, more

ec_launchers:
  ec_launchers/total_power:
    - { type: linear, duration: 100 }
    - { type: sine, base: 5e+5, amplitude: 5e4, 

frequency: 0.01, duration: 300 }
    - { type: smooth, to: 3e+5, duration: 100 }
  ec_launchers/beam(1:5)/power_launched/data: |
    'ec_launchers/total_power' / 5

https://github.com/iterorganization/Waveform-Editor 

https://github.com/iterorganization/Waveform-Editor


Plasma Shape Editor

● Define shape targets, test equilibrium

● Uses NICE FBE code
○ Desired coil currents → plasma shape
○ Desired plasma shape → coil currents

● Link to waveform editor

● Machine-agnostic
○ Demonstrate on WEST

https://github.com/iterorganization/Waveform-Editor 

https://gitlab.inria.fr/blfauger/nice
https://github.com/iterorganization/Waveform-Editor


(IMAS?) descriptions of actuators

● (Control system) commands to actuators form a ‘natural’ interface
○ Could send to simulator instead

● Available actuators and configuration varies per machine
○ Limits application of simulators with controllers between machines

● Actuator simulators to translate commands into physics IDS
○ Example: ECRH steering and power commands -> ec_launchers IDS (t)

Planned prototype



(IMAS?) descriptions of diagnostics

● Several open diagnostics frameworks!
○ https://github.com/ToFuProject/tofu
○ https://github.com/ProjectTorreyPines/FusionSyntheticDiagnostics.jl
○ https://github.com/hoppe93/SOFT2
○ https://tokalab.github.io/SynDiag/Overview/ 
○ …

● How to also describe which diagnostics exist, LoS etc?
○ Example:https://imas-data-dictionary.readthedocs.io/en/latest/generated/ids/bolome

ter.html#bolometer-camera-channel-line_of_sight 
○ Link to machine description databases
○ Configure diagnostics framework, instead of program it?

● Build M3 actors based on this, and link to simulators

Planned prototype

https://github.com/ToFuProject/tofu
https://github.com/ProjectTorreyPines/FusionSyntheticDiagnostics.jl
https://github.com/hoppe93/SOFT2
https://tokalab.github.io/SynDiag/Overview/
https://imas-data-dictionary.readthedocs.io/en/latest/generated/ids/bolometer.html#bolometer-camera-channel-line_of_sight
https://imas-data-dictionary.readthedocs.io/en/latest/generated/ids/bolometer.html#bolometer-camera-channel-line_of_sight


IMAS interfaces

● Sometimes too many options to store data in IMAS
● Encode some necessary conditions for code/data interoperability

○ IDS variable requiredness, optionality
○ Use IMAS-validator for stricter checks
○ Whole interface far too complex. Use LLM to read interface code instead?

● Check incompatibility upfront
○ In M3 workflow documentation pages
○ Checked reads

● Data reduction before sending

https://github.com/iterorganization/imas-standard-interfaces 

https://github.com/iterorganization/imas-standard-interfaces


IMAS M3 Operating Limits & Conditions checking
https://imas-muscle3.readthedocs.io/en/latest/actor_olc.html 

https://github.com/iterorganization/IMAS-Validator

https://imas-muscle3.readthedocs.io/en/latest/actor_olc.html
https://github.com/iterorganization/IMAS-Validator


IMAS M3 Operating Limits & Conditions checking
https://imas-muscle3.readthedocs.io/en/latest/ 

https://imas-muscle3.readthedocs.io/en/latest/


Analysis pipelines

● Streaming data during pulses
○ Mapped to IMAS data standard
○ Stream data frames with Kafka

● Near-live processing of physics data
○ Run interpretive simulations in tandem with 

experiments

● Browser-based visualisation
○ Standard & custom plots
○ Compatible with PDS



IMAS-Streams

● Much data in an IMAS time slice is static
● Serialize/deserialize unnecessarily repeats

● Split static data and dynamic data
● Only send data arrays for each time slice

● Use case: streaming IMAS data for in-pulse data processing at ITER
● Limitation: array sizes fixed!

https://github.com/iterorganization/IMAS-Streams 

https://github.com/iterorganization/IMAS-Streams




IMAS-ITER-Mapping

Basic mapping

Complex stuff in later 
steps of pipeline

https://github.com/iterorganization/IMAS-ITER-Mapping 

https://github.com/iterorganization/IMAS-ITER-Mapping


SimDB

● Metadata, storage, search for IMAS data
● Validation
● Provenance
● simdb.iter.org 

https://github.com/iterorganization/SimDB 

http://simdb.iter.org
https://github.com/iterorganization/SimDB


IMAS NetCDF file format

● Tensorized, annotated, standardized
○ S3-compatible
○ Conventions here: https://imas-python.readthedocs.io/en/stable/netcdf/conventions.html#

imas-conventions-for-the-netcdf-data-format 

● Write, read with IMAS-Python, xarray, fsspec
○ No IMAS-Core writing, slice writing support yet

● (WIP) read natively (without IMAS-Core!) from Fortran, C++, MATLAB

https://imas-python.readthedocs.io/en/stable/netcdf.html 

https://imas-python.readthedocs.io/en/stable/netcdf/conventions.html#imas-conventions-for-the-netcdf-data-format
https://imas-python.readthedocs.io/en/stable/netcdf/conventions.html#imas-conventions-for-the-netcdf-data-format
https://imas-python.readthedocs.io/en/stable/netcdf.htmlj


IMAS M3 Visualization actor
https://imas-muscle3.readthedocs.io/en/latest/ 

https://imas-muscle3.readthedocs.io/en/latest/


IMAS-ParaView

● ParaView plugins for visualizing various 
IMAS data

○ Generalized Grid Descriptions (GGDs)
○ 1D/2D Profiles
○ Many other Machine Description structures
○ Camera sightlines

● CLI tool available
○ GGD → VTK
○ VTK → GGD

Current in vacuum vessel wall, and electron temperature of a 
JOREK simulation visualized with IMAS-ParaView

https://imas-paraview.readthedocs.io/en/latest/ 

https://imas-paraview.readthedocs.io/en/latest/


Simulators

PDS + M3 sim infra



Simulator development
● Combine fast, simple physics simulators 

with control system
● Send IMAS data structures between 

codes
● Design pulse schedule & control targets
● Transport (METIS or TORAX)
● Forward & inverse 2D equilibrium (NICE)
● ITER control system simulator integration

Pulse Design 
Simulator

https://scispace.com/pdf/metis-a-fast-integrated-tokamak-modelling-tool-for-scenario-1v021jg1g2.pdf
https://torax.readthedocs.io/en/latest/
https://www.sciencedirect.com/science/article/abs/pii/S0920379620305688


Pulse Design Simulator example workflow

● Inverse + Forward simulation
○ Freeboundary

● Separate models, running 
individually as actors

○ Sending IMAS messages

● Several configurations relevant



Distributed, multiscale simulation

● Communication library for heterogeneous programs
○ C++, Fortran, C, Python, Matlab/Simulink
○ MPI compatible

● Communication scheme for multiscale modelling
○ Local micro-models (ex: turbulent transport) & more
○ Timescale bridges

● Distributed, globally consistent checkpointing

https://muscle3.readthedocs.io/en/latest/ 

https://muscle3.readthedocs.io/en/latest/


Multiscale

Physical process 
scales (kinetics 
only, simplified)

Avoid computing 
‘too much’; use 
appropriate 
resolution in time 
and space



MUSCLE3 developments

● Subworkflows
○ Treat an entire workflow like a model

● Timelines
○ Annotate ports with a timeline
○ Repeat messages as needed
○ Avoid pass-through f_init messages

● General time bridge

https://muscle3.readthedocs.io/en/latest/ 

https://muscle3.readthedocs.io/en/latest/


MUSCLE3 developments

● Optional components
○ Write connections as usual
○ Only start if implementation defined

● Pytest helpers
● Dynamic ports

○ Useful for generic components

https://muscle3.readthedocs.io/en/latest/ 

https://muscle3.readthedocs.io/en/latest/


MUSCLE3 developments

● Workflow documentation
○ Rules-based workflow graph rendering

● Model discovery
○ Python plugin mechanism
○ YMMSL_PATH autodiscovery
○ Useful with env modules

https://muscle3.readthedocs.io/en/latest/ 

prototype!

https://muscle3.readthedocs.io/en/latest/


MUSCLE3 dashboard

Run on HPC system, access through port forward or ssh (exec) bridge

https://github.com/daanvanvugt/muscle3-dashboard 

https://github.com/daanvanvugt/muscle3-dashboard


MUSCLE3 dashboard

Component status

Proxy to analysis pages (http)

Crash analysis

Log viewing

Diagram to be included

What would you like to see?



Systems Engineering and Simulations

● Effort to bridge from simulations to engineering validation
○

  



ℹ Would you like to 
collaborate? Let’s talk!

Alexandra Ioan

Maarten Sebregts Alan Cotino Iris van der Werf

Yannick de Jong Sebbe Blokhuizen
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dvanvugt@ignitioncomputing.com

Mike Sanders
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@ ITER

Thanks to IC team (on the right)
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