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® Time Discontinuous Galerkin (TDG) methods (TJR

i

Hughes, GM Hulbert 1987)
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A few other spacetime DG methods
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® Spacetime discontinuous Galerkin method (JJW Van der

Vegt, H Van der Ven, et al)
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« Elements are arranged in spacetime slabs
» Discontinuities are across all element boundaries

* Elements within slabs are solved simultaneously as this method is implicit

@ Causal spacetime meshing (Richter, Falk, Lowrie, Roe, Leer, Monk, etc.)

Gerard R. Richter, An explicit finite element method for the wave equation,

Applied Numerical Mathematics 16 (1994) 65-80

i
A Similar and the
predecessor to
the aSDG method
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causal Spacetime Discontinuous Galerkin
(cSDG) Finite Element Method

—L Discontinuous basis functions for Discontinuous Galerkin (DG) methods

DG + spacetime meshing + causal meshes for hyperbolic problems:

® Local solution property
® O(N) complexity (solution cost scales linearly VS nL\mber of elements N)
® Asynchronous patch-by-patch solver Q\u\ lwe J&W\ N Nerte
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Tent Pitcher: sels
Causal spacetime meshing oo

® Given a space mesh, Tent Pitcher
constructs a spacetime mesh such
that the slope of every facet on a
sequence of advancing fronts is
bounded by a causality constraint

® Similar to CFL condition, except
entirely local and not related to
stability (required for scalability)
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Tent Pitcher: §§§2
Patch-by-patch meshing oo

® meshing and solution are interleaved
® patches (‘tents’) of tetrahedra are solve immediately = O(N) property
~® rich parallel structure: patches can be created and solved in parallel
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causality constraint

Yoo X gy,

There are two works on causal spacetime DG methods that reduce the solution time:
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With Treffetz methods thf: solu.tion is interpolated with lv\>\€96 (&\W X Ql’\\\( (bmv ?Q
functions that already satisfy Ri -> so we don't need to
weakly enforce Ri -> we only weakly enforce R on the ‘V\Q/V‘Q,

boundary of the elements.

- Having source terms make it a bit more challenging
- Nonlinearity is a challenge for this.

Interpolation of the solution:
Recall for the time marching schemes we had:

(\ (S <
T(,/Vu)i\ < %, ‘T\ ('7(.\ SN &k\ S @‘\(’QA -&-\&Q :‘Q

Qd \:\\ﬁ;«{%b\\b cal

@Ay ~

T(OY - \j\,, T(’}& Aas = %<0 -7
i Na  naSS W(ﬂ’ﬂ;\
At
. . 5
S\ AERCIN S Al N\Qk\\cxg 5
5\/\\@( N (\,cf/) QM \pook o \indt o Sow
e b sk b el o
CJN(P\U\/ SEES
Etgege $ este g,

DG Page 4



| Dfgegee & ospe wrmies

I

W WQ\\\ US<e "JZN\SO'(\& \DQ)\S

QW\\Q\W Q\q( ANy oY

p- ) B\@N S

For these methods, we can use Finite element shape
functions in space
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With these shape functions in time, we directly get the solution at all intermediate time values between the time steps. So, it's

similar to implicit RK methods but the intermediate solutions have real meaning.

>

From here, working on causal spacetime methods
Heat conduction and elastodynamics

Let's start with MCV model which is a hyperbolic:
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