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Problems: No Conservation of Mass, Numerical Instabilites
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Solve a higher-dimensional 6(+1)-d
system for the simulation of fusion

plasma micro-turbulence
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w.r.t. the distribution function
F (x1, x2, x3, v1, v2, v3, t)

Semi-Lagrangian solver:
conserves mass,
suffers curse of
dimensionality

N = 1
h

#DOF ∼ O(Nd)

l1=1 l1=2 l1=3 l1

l2=1

l2=2

l2=3

l2

l1=4

l2=4

–
+

Sparse Grid Combination Technique

mitigates curse of dimensionality
#DOF ∼ O(d(logN)d−1)

Numerics: loosely-coupled extra level of
parallelism

HPC: synchronization only every few time
steps
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run combine

combine step: efficient basis transforms –
only first one conserves mass

More Data Dependencies – Problem for HPC?

Standard stencil New: Mass-conserving recombination stencils
on each
component grid,
in each of the
d dimensions
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Moderate Increase in Compute Time

Plasma Instability scenario
0 ~̀min = [3, 3, 3, 3, 3, 3]
0 ~̀max = [6, 6, 6, 6, 6, 6] = ~̀fg

⇒ 84 grids, 1.14GB total
0 recombination every time step (0.01)

On Hawk
0 Hawk: AMD Epyc, 128 cores/node,

use up to 64 nodes
0 DisCoTec+SeLaLib ; MPI only
0 Manager-Worker scheme: Workers’

process groups share grids
⇒ combination volume between
process groups: 0.12GB
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Accurate Solutions without Curse of Dimensionality!
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linear growth phase nonlinear, quasi-stationary phase

Benefits
0 mass is conserved
0 more accurate solutions

(analytical advection scenario: factor ≈ 3!)
0 Combination Technique’s extra parallelism

has negligible runtime overhead
0 adaptivity possible
0 stable solutions
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