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MAST/MAST-Upgrade

MAST-U is a spherical tokamak, a 
more compact design than JET which 
is less mature but has the potential to 
be more efficient.

This allows the plasma to cool and be 
spread over a larger area leading to a 
lower heat flux on the wall.

MAST-U has a super-X divertor. A 
larger open structure which creates a 
longer path length for the plasma to 
reach the wall.

Conventional Super-X
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• Ran from 1999 to 2013

• Over 30,000 shots

• Data from various diagnostics

• ~100s of TB

MAST Data
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• Different types of data:
• Time-series data
• Video data (2D+t)

• Metadata
• Descriptions
• Units
• Authors
• Dates & times
• Etc..
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MAST Data
A single shot
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~7 Billion 
Data Points

~7 GB 
(Uncompressed)

~11000
Signals
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MAST Data Access
Web

• Published data is open

• Not designed for bulk data access

• Non-published data by request only

• Not automatable

• No licence

6



|

MAST Data Access
UDA

• Interfaces for c, c++, FORTRAN, IDL, 
Java and Python

• External access is difficult

• Data is accessed ‘vertically’

• Does not expose all metadata

• Performs data corrections ‘on-the-fly’

• Not optimized for AI/ML 
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FAIR

• Findable

• Accessible

• Interoperable

• Reusable
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Recent FAIR initiatives in fusion

• FAIR4fusion

• EUROfusion DMP

• IAEA - CRP
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• UK Research and Innovation (UKRI) open access policy

• Engineering and Physical Science Research Council (EPSRC) research data 
policy

Why should MAST data be FAIR?

10 Sources: https://www.ukri.org/what-we-offer/supporting-healthy-research-and-innovation-culture/open-research/
https://www.ukri.org/about-us/epsrc/our-policies-and-standards/policy-framework-on-research-data/principles/

https://www.ukri.org/what-we-offer/supporting-healthy-research-and-innovation-culture/open-research/
https://www.ukri.org/about-us/epsrc/our-policies-and-standards/policy-framework-on-research-data/principles/
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• Data processing, analysis and sharing is easier when you’re FAIR

• Findable – easily locate the data needed for simulations etc…​

• Accessible – fosters collaboration

• Interoperable – easily work with different workflows & analysis tools​

• Reusable – descriptive metadata provides context

Experimental data and FAIR – why 
should you care?

11



|

• Data could be misinterpreted
• Mitigated by providing rich metadata

• Could be misused
• Data licencing/disclaimers

• Researcher’s work could be ‘scooped’
• Research embargo and authenticated access to time-series data

• More data can be validated and opened up in time

Considerations for ‘open’
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• Data must be easily findable through the metadata​

• Data must be in exposed in an interoperable format​

• Prioritise performance optimisation for data-intensive workflows (e.g. AI/ML)​

• Minimise loading and transferring data​

• Support analysis codes/libraries and ML/AI frameworks​

• Support larger-than-memory & parallel computation​

• Be publicly accessible

Towards FAIR for MAST data
Project Goals
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System Components

• Efficient binary storage
• Supports multi-dimensional array data
• Supports larger than memory tools

• Dask, Spark etc…
• Multiple language support

• C++, Fortran, Python, Matlab, R, 
etc…

• Multiple backends
• Multiple compression options
• Not easily searchable

• High performance look-up
• Postgres is horizontally scalable
• Easily convertible to an in-memory 

Data Frame
• Tabular data only

A2. Metadata are accessible, even when the data are no longer available
Separate meta-database can support an embargo period and authentication.

https://www.go-fair.org/fair-principles/a2-metadata-accessible-even-data-no-longer-available/
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FAIR Checklist

• Findable
• (Meta)data are assigned a globally unique and 

persistent identifier
• Data are described with rich metadata
• Metadata clearly and explicitly include the identifier 

of the data they describe
• (Meta)data are registered or indexed in a 

searchable resource

• Accessible
• (Meta)data are retrievable by their identifier using a 

standardised communications protocol
• The protocol is open, free, and universally 

implementable
• The protocol allows for an authentication and 

authorisation procedure, where necessary
• Metadata are accessible, even when the data are 

no longer available

• Interoperable
• (Meta)data use a formal, accessible, shared, and 

broadly applicable language for knowledge 
representation.

• (Meta)data use vocabularies that follow FAIR 
principles

• (Meta)data include qualified references to other 
(meta)data

• Reusable
• (Meta)data are richly described with a plurality of 

accurate and relevant attributes
• (Meta)data are released with a clear and 

accessible data usage license
• (Meta)data are associated with detailed 

provenance
• (Meta)data meet domain-relevant community 

standards
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Pandata
Scalable open-source analysis stack

• Domain independent: Maintained, used, and tested by people from many 
different backgrounds 

• Efficient: Run at machine-code speeds using vectorized data and compiled code 

• Scalable: Run on anything from a single-core laptop to a thousand-node cluster 

• Cloud friendly: Fully usable for local or remote compute using data on any file 
storage system 

• Multi-architecture: Run on Mac/Windows/Linux systems, using CPUs or GPUs 

• Scriptable: Fully support batch mode for parameter searches and unattended 
operation 

• Compositional: Select which tools you need and put them together to solve 
your problem 

• Visualizable: Support rendering even the largest datasets without conversion or 
approximation 

• Interactive: Support fully interactive exploration, not just rendering static 
images or text files 

• Shareable: Deployable as web apps for use by anyone anywhere 

• OSS: Free, open, and ready for research or commercial use, without restrictive 
licensing 

Source: https://conference.scipy.org/proceedings/scipy2023/pdfs/james_bednar.pdf16



|

• Some MAST data is already open

• Not optimised for data-intensive applications

• We are developing an AI/ML friendly database/service for MAST data

• By adhering to FAIR principles, we can maximise the scientific utility of our data

Summary
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• Licence
• Data
• Software

• Metadata separate from data
• Perhaps less of a concern
• Self-describing formats

• Versioning
• Data
• Software

• Format/Data Model
• GNDS?

• Integration with data processing 
pipelines
• PanData stack

• Continuous Delivery for databases

Observations/discussion points 
regarding nuclear data
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Thank for your time and attention
Questions and comments are most welcome
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