
Scientific Computing – 
Computational Maths



Computational Maths Theme vision

We are recognized as world leaders in the areas of 
computational mathematics used across STFC, 
positioning ourselves as essential partners within the 
UK Digital Research Infrastructure ecosystem and 
beyond, connecting researchers and innovators to the 
mathematical software they need to carry out the most 
ambitious and creative research.
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Numerical Linear Algebra
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Linear System Solves



Sparse Linear Systems



Sparse Linear Systems



Sparse Matrices and Graphs

[Scott and Tůma, Algorithms for Sparse Linear Systems, 2023]



Linear System Solves
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Software



Software



Software
HSL - Home Page (rl.ac.uk)

https://www.hsl.rl.ac.uk/


Software



Solving linear systems



Solving linear systems

Direct Methods Iterative Methods



Solving linear systems

Direct Methods Iterative Methods



Iterative methods
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Linear System Solves
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NEPTUNE (NEutrals and Plasma TUrbulence Numerics)



NEPTUNE (NEutrals and Plasma TUrbulence Numerics)

https://excalibur.ac.uk/themes/high-priority-use-cases/

https://excalibur.ac.uk/themes/high-priority-use-cases/


Other Linear Algebra…

Tensor methods

Linear least-squares

Eigenvalue Problems

Singular Value Decomposition/ Principal Component Analysis
Functions of Matrices

Model Order Reduction



Continuous Optimization



Linear Programming
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Nonlinear Programming
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Nonlinear Least-squares min
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Nonlinear Least-squares - software
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Nonlinear Least-squares - software
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Global nonlinear Least-squares







interface any data fitting 
software

GSL

Ceres

Minuit

DFO-GN/LS

to any source of test 
problems

GOFit

Bumps

RALFit

FitBenchmarking



How it works…FitBenchmarking
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How it works…FitBenchmarking



Cryo-EM Cross-Validation Project

Micrographs Particle picking and extraction Particle alignment and classification Reconstructed map



Ptychography



Ptychography

ePIE

Nonlinear Conjugate Gradients

L-BFGS



Summary
Yesterday’s algorithms will not be able to analyse tomorrow’s data 

• Existing expertise in Numerical Linear Algebra and Optimization, well connected in 
other areas of computational mathematics.

• Linear algebra software 
• HSL: https://hsl.rl.ac.uk
• SPRAL: https://github.com/ralna/spral 

• Optimization software
• OpTrove: https://github.com/ralna/OpTrove/wiki 
• RALFit: https://github.com/ralna/RALFit 
• GOFit: https://github.com/ralna/Gofit 
• FitBenchmarking: https://fitbenchmarking.github.io/ 

https://numerical.rl.ac.uk

https://hsl.rl.ac.uk/
https://github.com/ralna/spral
https://github.com/ralna/OpTrove/wiki
https://github.com/ralna/RALFit
https://github.com/ralna/Gofit
https://fitbenchmarking.github.io/
https://numerical.rl.ac.uk/

