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* Why Is an eigensolver useful?

 Brief discussion of implementation details
 Example: Wave in a box

 Example: ELM_pb model

e Summary
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Why an eigenvalue solver for BOUT++? )

=/
BOUT++ is a nonlinear Initial value code, so why develop

an eigenvalue capability?

« Although nonlinear runs are useful, a lot of physics understanding
comes from the linear behaviour of a system: mode frequencies and
growth rates.

* For many studies, in particular ELM physics, most of the BOUT++
runs performed are linear simulations, where the aim is to find the
growth rate. This requires long simulations in order to identify an
eigenmode, and can only find the fastest growing mode.

« Allows more detailed comparison / benchmarking against linear
codes such as ELITE or GATO

« Allows exploration of linear modes in a range of fluid and gyro-fluid
models
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How (1): Overview of implementation )

 Want use of eigensolver to be easy for the user and
developer-> Implement as a type of time solver.

« Don'’t write our own eigenvalue library - Use the
SLEPc library = Builds on top of PETSc (which
BOUT++ already supports).

« Result is essentially that once BOUT++ has been
compiled with SLEPc support user can just select
solver:type=slepc in any of their linear physics models.

* |In practice some knowledge of what eigensolver is
doing is useful!
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What (1): Eigenvalues of what?! ©

)\

\

 We're finding eigenvalues + eigenvectors (eigenpairs)
of some matrix operator, but what is the operator?

« Initially designed solver to find eigenvalues of time
advance operator, M, acting of system state, f, i.e.

Mf (t):’ﬁ (t)Z f(t+ét) with A =e "%

* More recently added option to find eigenvalues of ddt
operator, N, I.e.

Nf (t)= Af (t)=df (t)/dt with A=-iQ

« Advantages + disadvantages to each which will be
discussed in a few slides time.
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Practical application: eigen-box

Wave equation in a 1D box with
fixed boundaries

dg/dx=D2DX2(f) ; df/dx=g

Clearly identifies physical mode
spectrum with zero growth-rate

Numerical (unresolved) modes
also found, with negative
growth-rates

Example includes python script
to plot spectrum, click on

eigenvalue to show eigenvector.
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Practical application: elm-pb ©

0.45

 Comparison of growth rates
from linear initial value runs
(green line), and SLEPC
eigenvalues (crosses).
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Practical application: elm-pb (®)
* Comparison of growth rates 0:40_
from linear initial value runs |
(green line), and SLEPc |

eigenvalues (crosses).
* Mode structure matches. %%
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Z (m)

Practical application: elm-pb
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Summary 7®)

\=7
SLEPc solver implemented in BOUT++ can use existing
(linear) physics models.

Can find a subset of the eigenvalues of either the time
advance or time derivative operators.

Many (SLEPc) options can be tweaked to change the
numerics, can have a large impact on speed and which
eigenvalues are found - Not always the most
Interesting modes are found first.

Requires some user experimentation to find best
operating parameters for your case.

Not well documented in the manuals yet, | aim to
Improve this but feel free to email me for guidance/help
etc. in the meantime.
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