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Large-scale systems
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Transport processes Coupled/networked systems

Typical discretization (e.g., finite volume) => stiff ODEs/DAEs Stiffness depends on subsystems
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Numerical methods and model reduction



Model reduction of linear systems
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Original model Reduced model



Model reduction of nonlinear systems
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• For explicit methods: No gain in computation time

• Difficult to obtain an accurate approximation



Euler’s implicit method and Newton’s method
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Euler’s implicit method and Newton’s method
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• Columns of U corresponding to singular values

larger than 100*2^-53 times the largest



Euler’s implicit method and Newton’s method
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Subspace methods
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Subspace methods
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Simulation based on Newton-like method
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Numerical example



Numerical example of CO2 storage
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Numerical example of CO2 storage



Numerical example of CO2 storage



Numerical example of CO2 storage
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Future work



Iterative improvement of subspace
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Iterative improvement of subspace
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- Increase subspace

- Cycle subspaces



Other directions
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Consider direct methods for numerical optimal control

(single-shooting, multiple-shooting, fully simultaneous methods)

Create initial guess with Euler’s explicit method

Transport processes:

Exploit that most states only change in short periods of time

Consider the outputs to be the (norm of) the residual function

or a linearization of it



Summary
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Combine numerical methods

and model reduction techniques

Apply to numerical solution of IVPs

Preliminary results:

Further developments are necessary
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Thank you
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