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\ Conventions

e GRChombo base parameter
[



Grid Structure

e [GR]Chombo uses a hierarchy of
block-structured grids that exist on
Each level contains a collection of boxes.

Each box is made up of cells.

The (or ) is the number of cells on
level | that fitin acell on level in any one dimension
(hardcoded to 2 in GRChombo).

e  The physical domain covered by the boxes on level 1+1 are a
strict subset of that covered by the boxes on level 1 and there
is a buffer of at least 1 (actually forced to be

in
GRChombo) on level 1 between level 1+1 and level 1-1
( ).
A cell is either fully refined or not refined ( ).
The boxes on every level have a maximum and minimum
length in each dimension given by the parameters
max_box_size (ormax_grid_size)andmin_box_size A hierarchy of block-structured grids in 2D
(orblock_factor).




Regridding ORI EICI A MEAEIEIE
e Suppose we are refining on level | where ’ il
is the coarsest level and : N
max_levelisthe finest level. '

e First we “tag” all cells which require T T
refinement using a (see ‘| x R I e Y I
later). ol I

e Now we need to efficiently partition the ] , e
tagged cells into boxes. y : \

e [GR]Chombo uses the ' : R

to do this (see Katy’s ST T e
PhD thesis for more details). . ek a x| kot

e The efficiency of a partition is given by the ’ i R R ;xmkpd

ratio of tagged cells to total cells in the X ¢ Smalerthan min o size

partltlon and its minimum is controlled by Figure illustrating the process of partitioning grids for refinement
f ill _rat io . based on tagged cells (Credit: Katy’s PhD Thesis)



When to regrid?

e The number of timesteps between (D:;B/gll?,(ier?%gyBS
regridding on each level is controlled
by regrid_interval.

e Avregridonlevel 1 forces aregrid on
all finer levels >1 so you [probably]
don’t need to ever regrid on the finest
m levels for somem.

e Regridding too frequently introduces
noise that will pollute your solutions.

e Regridding not frequently enough may
mean your simulation is

underresolved in some regions.
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When regridding goes wrong...



Tagging Criteria

d2 = m deriv.template diff2< >(current_cell);
mod d2 chi = 0;

e Thisis afunction of the variables in a cell and FOR2(idir, )
. . .. {
neighbouring cells (for derivatives) that outputs nod_d2 chi += d2.chifidir][jdir] * d2.chi[idir] [jdir];
areal number, ,ineachcell. }

criterion = m_dx * sqrt(mod d2 chi);

e Acellistagged if
regrid_threshold (defaulted to 0.5).
In some sense completely arbitrary.

> j e

Ideally would like to approximate the truncation FORl(i;?r) mfderivéigﬁ:;;dliphi, current cell, idir, c phi);
error. o S

° Often, we start by using L? norms of undivided FOR1(idir) m deriv.diffl(dl K, current cell, idir, c K);
differences/second differences (i.e. a derivative i Sy
stencil not divided by the grid spacing) of mod d1 K = 0;
well-behaved variables or quotients of them. EOR” )

e Bearin mind GRChombo adds a buffer of size mod d1 phi += d1 phi[idir] * d1 phi[idir];
tag_buffer_size (defaulted to 3) around . e e[S ek B S B

initially tagged cells to the set of tagged cells.
criterion = m dx * (sqrt(mod dl phi) / m_threshold phi +
sqrt(mod_dl K) / m _threshold K);

Some examples of parts of tagging criteria code in GRChombo



Tagging Criteria Tips

e Canuse other information to augment

the tagging criterion:
o  Apparent Horizon location
o  GW extraction spheres
o  Anythingreally!
e Ingeneral you want your regions of
interesting physics as far away from

refinement boundaries as possible.
o  Spurious reflections at refinement
boundaries add noise.
Noise is bad.

Black holes seem to be very sensitive to
this.

e Over toyou for your tips @

—

if (m_activate extraction)

for ( iradius = 0; iradius < m_params.num extraction radii;
++iradius)
{
if (m_level < m_params.extracti evels[iradius])
{
< > coords(
current _cell, m dx, m params.extraction center);
r = coords.get radius();
regrid = simdwcomparefll(
r, 1.2 * m params.extraction radii[iradius]);
criterion = simd conditional(regrid, 100.0, criterion);
}

Some more GRChombo tagging criterion code which shows using
the location of the extraction spheres to tag cells.



Any questions?



