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i Introduction/Motivation

= Want to solve a problem with very different
time and space scales.

= Need to integrate for a long period of time to
get to the physical situation we want to
model.

= And cover a good size of space in order to
extract the wave signal and minimize
boundary effects.

= The solutions we are seeking have
singularities.
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i Long time integration

= We need to integrate until we get rid
of all spurious initial radiation.

= We need to integrate further until the
radiation gets far enough from the
mergers and into the far zone.
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i Big size In space

= Need to get far from the sources so that we
reach the wave zone out of which we can be
confident that the field perturbations would
really move as waves and reach infinity
without much distortion.

= Need to propagate the waves without much
distortion.

August 19, 2005 Southamptom 2005 6



i Singularities

= We expect singularities to form or even
we start the simulation with
singularities on the initial data.

= Numerically we can not handle
singularities.

= We need to excise the region where the
singularities are. [Punctures?].
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‘L Singularities
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‘L Introduction/Motivation
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i Theory: Method of lines

= It means we discretize in space and
then treat the discretized system as a
system of O.D.E.’s and solve it.

= If the semi-discrete system is stable,
then if solved with some (not every)
standard method like third
of fourth order, then the evolution is
stable and convergent.
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‘L Theory: Method of lines
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i Theory: SBP
Ou=0u utx=1)=g(),ut=0x)=f(x)
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i Theory: SBP

E(?) <E(0)+ jgz (s)ds

< jfz(x)dx + jgz (s)ds
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i Theory: SBP

oU = Ai(U)EiiU+B(U) U(t=0,x)=F(x)
BU(t,x =0) = Gy(1)
E=[<U,HU > dx P'U(t,x=1)=G,(1)
% - .' [<U,HAQU >+ < A0,U, HU >]dx

= |[6, <U,HAU > - <U,8,(HAU >]

= §< U, HAnU >ds - [<U,0,(HAU >dx
<||6,(HA') |l E+§< U, LHP'U >ds
<||6,(HA) |l E+§< G, ALHPG >ds
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i Theory: SBP

N
(v, V)5 = Zaivi Vi
i=1

(v,Dv)s +(Dv,v)y = sz — V12
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i Theory: SBP

eDiagonal and full restricted norms.

The norm is diagonal if , full restricted if

In the diagonal case, the order of the derivative is 2n in the interior and n at and close
to boundaries.

eThere are some issues in the non-diagonal case.

eDerivatives with are not necessarily the optimal ones, as they might have a large spectral
radius associated ->

eInventory of high order derivatives we have analyzed/whose spectral radius we have “minimized” (notation:
order in the interior — order at and close to boundaries):

* 2-1, 4-2, 6-3, 8-4 (diagonal case)
* 4-3, 6-5, 8-7 (full restricted case)

eDissipations: . Mattsson's solution: a
prescription for all norms.
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Theory: SBP

Second order case. Maximum = 1.414

Periodic Boundary
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Theory: SBP case D8-4

Minimum bandwith operator:Maximum 16.04!
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Optimized operator: Maximum 2.242
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‘L Implementation: SBP
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i Implementation: S
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i Implementation: SBP
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i Theory: Non-trivial domains

W Overlapping Grids

™ Touching Grids
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VL

™ Carpenter et. al. penalty method:
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i Theory: Non-Trivial domains

«Say you want to discretize the advection equation u, = cu,, in two domains.
The Left one covers (... 0], and the Right one [O,...)
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*We use two fields to describe u, u, and ug. At x=0 the two fields are defined,
and the solution is multivalued.

*Now discretize using
penalty terms:

«And use any operator D satisfying the SBP property.
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i Theory: Non-Trivial domains

Define the energy

*Take its time derivative and use the SBP property to get

St Ln s =

2D SYSTEM GRID

SINUSOIDAL DEFORMATION

—

VTG
R TSR R R

L
| 4
|
LA
LA

If c>0, choosing St = c+8, SR = & gives o9k

0.8

1]
|

|| ] ]1.,

LI II'i‘ T
NENNNEES

07

L
P A i I
Fid A

AP AT A A 1 A

HHH

06 |

INEN

0.5

|
|

«And the energy estimate follows if & >=-\/2
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i Implementation: N.T.Domains

Outer boundary
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Inner boundary

L. Lindblom et al
). Thornburg et al
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Implementation: N.T.Domains

W Wave equation on a sphere

6 touching grids

no-dissipation Convergence Test (In2 L2 Q factor)
D=2nd, D=4th, RK=4th

strict stability 5 ‘ ' |

penalty method
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Implementation: N.T.Domains
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i Implementation: N.T.Domains

Carpet/Cactus
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i Implementation: N.T.Domains
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i Implementation: N.T.Domains

= Other topologies: S 3 (8 cubes)

= Shallow Water Equations on Sphere.
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