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How time stepping usually works
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ExaFSA setup

F A

S

A(far-field)

Fluid-acoustics simulation and partitioned setup1.

physics timescale solver
(A) small Ateles
(A) small FASTEST
(F) medium FASTEST
(S) large FEAP

• Quasi-Newton
• Black-box
• High order time-stepping

1Reimann, T., et al. (2017). Aspects of FSI with aeroacoustics in turbulent flow. In 7th GACM Colloquium on Computational Mechanics.
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Let’s use multirate/subcycling!
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Let’s use multirate/subcycling!

double solver_dt = 0.1; // solver timestep size
double precice_dt; // maximum precice timestep size
double t = 0; // time

precice_dt = precice.initialize(); // e.g. 0.5

while (precice.isCouplingOngoing()){

... // reading

dt = min(precice_dt, solver_dt); // always 0.1
solver.doTimestep(dt);
t += dt; // 0.1; 0.2; 0.3; 0.4; 0.5; 0.6, 0.7 ...
precice_dt = precice.advance(dt); // 0.4; 0.3; 0.2; 0.1; 0.5; 0.4, 0.3 ...

... // writing

}
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Let’s use multirate/subcycling!

double solver_dt = 0.1; // solver timestep size
double precice_dt; // maximum precice timestep size
double t = 0; // time

precice_dt = precice.initialize(); // e.g. 0.5

while (precice.isCouplingOngoing()){

... // reading + save checkpoint

dt = min(precice_dt, solver_dt); // always 0.1
solver.doTimestep(dt);
t += dt; // 0.1; 0.2; 0.3; 0.4; 0.5; 0.1, 0.2 ...
precice_dt = precice.advance(dt); // 0.4; 0.3; 0.2; 0.1; 0.5; 0.4, 0.3 ...

... // writing + restore checkpoint

}
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Let’s use multirate/subcycling!
BCs are constant over window ∆t
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Let’s use multirate/subcycling!
BCs are constant over timestep δ t
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Let’s use multirate/subcycling!
BCs are interpolated over time t
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additional API call
u = readData("u_N", t)
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Prototype implementation

FEniCS

libprecice
pyprecice

fenics-adapter
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Prototype implementation

FEniCS

libprecice
pyprecice

BenjaminRueth/waveform-bindings

fenics-adapter
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Partitioned Heat Equation

D (T ) ΓD
preCICE

IQN-ILS N (q)ΓN
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Partitioned Heat Equation

< p a r t i c i p a n t name="D">
<wr i te−data name="q1 " / >
<wr i te−data name="q2 " / >
<read−data name="T1" / >
<read−data name="T2" / >
<read−data name="T3" / >
<read−data name="T4" / >
<read−data name="T5" / >

</ p a r t i c i p a n t >

preCICE

IQN-ILS

< p a r t i c i p a n t name="N">
<wr i te−data name="T1" / >
<wr i te−data name="T2" / >
<wr i te−data name="T3" / >
<wr i te−data name="T4" / >
<wr i te−data name="T5" / >
<read−data name="q1 " / >
<read−data name="q2 " / >

</ p a r t i c i p a n t >
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Partitioned Heat Equation
Check QN Performance
• different multirate setups WI(nD ,nN )

• QN-WI feeds all samples into Quasi Newton
• interpolate BCs over time
• only linear interpolation & implicit Euler
• compute for T = 10

QN-WI | ∆t 5.0 0.5 0.1

WI(1,1) 10.50 7.85 5.45
WI(1,3) 11.50 8.85 6.60
WI(1,5) 11.50 8.75 6.77
WI(3,1) 10.50 8.10 5.43
WI(3,3) 12.00 9.30 6.36
WI(3,5) 12.00 9.85 6.89
WI(5,1) 10.50 8.15 5.43
WI(5,3) 11.50 9.85 6.82
WI(5,5) 12.00 9.45 6.41
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Partitioned Heat Equation
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Partitioned Heat Equation
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Partitioned Heat Equation
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Partitioned Heat Equation
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FSI Flap
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FSI Flap
Convergence study for trapezoidal rule (Fluid) and Newmark β method (Solid)
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∆tl [s] 0.0025 ·20 0.0025 ·2−1 0.0025 ·2−2 0.0025 ·2−3 0.0025 ·2−4

WI(1,1;1) 4.00 4.50 4.81 5.50 5.64
WI(2,3;2) 5.25 5.63 6.57 7.31 7.42
WI(3,2;2) 4.50 4.75 5.31 5.63 6.33
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FSI Flap
Convergence study for trapezoidal rule (Fluid) and Newmark β method (Solid)
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Conclusion and future work

Conclusion
• δ t 6= ∆t
• partitioned black-box solvers can efficiently use multirate + QN
• higher order can be reached
• functionality can be hidden inside preCICE

< p a r t i c i p a n t name="D">
<wr i te−data name="q1 " / >
<wr i te−data name="q2 " / >
<read−data name="T1" / >
<read−data name="T2" / >
<read−data name="T3" / >
<read−data name="T4" / >
<read−data name="T5" / >

</ p a r t i c i p a n t >
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Conclusion and future work

Conclusion
• δ t 6= ∆t
• partitioned black-box solvers can efficiently use multirate + QN
• higher order can be reached
• functionality can be hidden inside preCICE

Future work
• real preCICE implementation
• explicit coupling + extrapolation

< p a r t i c i p a n t name="D">
<wr i te−data name="q " / >
<read−data name="T" / >

</ p a r t i c i p a n t >
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Conclusion and future work

Conclusion
• δ t 6= ∆t
• partitioned black-box solvers can efficiently use multirate + QN
• higher order can be reached
• functionality can be hidden inside preCICE

Future work
• real preCICE implementation
• explicit coupling + extrapolation

< p a r t i c i p a n t name="D">
<wr i te−data name="q " / >
<read−data name="T" / >

</ p a r t i c i p a n t >

Interested in details?
Rüth, B., Uekermann, B., Mehl, M., Birken, P., Monge, A., & Bungartz, H. J. (2020). Quasi-Newton Waveform Iteration for
Partitioned Fluid-Structure Interaction. arXiv preprint arXiv:2001.02654.
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