New tree-based gravity solver for octal tree AMR codes
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Finite difference hydrodynamic codes tradi-
tionally use either spectral methods (FFT,
multipole expansion) or multi-grid methods
to solve for the gravitational potential. On
the other hand, particle based codes (N-body,
SPH) typically compute the gravitational po-
tential either by direct integration or by tree

based algorithms.

Building tree
o Global tree: follows AMR tree of blocks, stores
mass and mass centre positions
e Local trees: additional octal tree for each block;
stored by levels in a very compact form in mem-
ory

We developed an octal
tree-based gravity solver for AMR, grid codes
and implemented it for the publicly avail-
able hydrodynamic code FLASH. We pro-

vide accuracy and scaling tests and show that
the new code is competive with the tradi-
tional multi-grid method. Due to its sim-
plicity, this algorithm can be relatively easily
implemented for Graphical Processor Units
(GPUs) with approximately 100 times more
computational power than standard CPUs.
As an example, we present simulations of the
gravitational fragmentation of an expanding
shell - an idealised model of the collect and
collapse star formation scenario.

Algorithm

Communication

o Global gravity tree is distributed

among all processors

e Local trees are cut to a level nec-
essary on a given CPU; all of them
are packed into a sigle message for

with:

e a tree node (group of

a given CPU and sent

e another block
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Scaling and accuracy
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with the mutli-grid method by com-
puting the gravitational potential of
the shell on 128° grid. The tree code
has the maximum error in the shell
cavity, the multi-grid method at the
peak of the density and at the bor-

Time required for the potential com-
putation by the tree code with
O = 1.0 and 0.5 compared with
the time required by the multi-grid
method. The times are shown for
computation on 64, 128 and 256 pro-
CeSSOrs.

ders. )y, is the limit angle.

Potential of the expanding shell

We implemented the new tree gravity solver for the
hydrodynamic code Flash v2.5 (Fryxel et al. 2000)
and used it in 3D simulations of expanding shells.
We studied their gravitational fragmentation and
compared results obtain by Flash
simulations and with analytical predictions (Dale
et al. 2009). The Figure on the right shows distri-
bution of the surface density of the shell in Ham-
mer projection (top panel) and the gravitational
potential (bottom). The simulation was run on
256 processors of the ARCCA HPC facility at the
Cardiff University.
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number of processors

Speed-up (defined as s = 647, /T4y
where T, is time on n processors)
of the tree code with different limit
angles, compared with the multi-
erid method and with the hydro-
dynamic computation (the standard
Flash PPM Rieman solver).
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An example of the AMR block structure orga-
nized as an octal tree. The red Morton curve
is used for load balancing (distributing blocks
among CPUs).

Tree walk

Three types of interaction. A cell ¢ from a block B may interact

e another cell in the block B or in a neighbouring block

cells)

Due to the regular structure of the grid, interaction lists can be
used for the first and often also for the second type of interaction.
In the case of the third type, the opening criterion is tested only
once for all cells in the block B.

tree walk mm—m

build tree mmmmm  communication m—"
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Relative time required by different
parts of the tree code algorithm for
two limit angles ), = 1.0 and 0.5.
The most time-consuming is the tree
walk, which is 100% parallel, and
therefore a good scaling is expected
for even higher numbers of CPUs.

Future

ewe are working on porting the
tree code to GPUs based on the
nVidia CUDA interface

e quadrupole moments may be
easily added for higher accuracy

e optimization, optimization, op-
timization. . .
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