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ABSTRACT

In a Type Ia supernova, runaway fusion ignites in a white
dwarf, causing it to explode. The heavy element yields of
these events remain uncertain, and high-performance multi-
physics simulations with tools like FLASH are critical for our
understanding. Current simulations track approximately a
dozen nuclear isotopes, as opposed to the thousands required
to completely capture the event’s nuclear physics.
Simulating nuclear physics and self-gravity accurately and
efficiently is critical for modeling a Type Ia supernova, since
supernovae are competitions between energy-releasing nu-
clear reactions and gravity. Currently, the FLASH nuclear
reaction network and self-gravity solver requires substantial
inter-node communication. We use non-blocking MPI collec-
tives to overlap communication in the self-gravity calculation
with the computation-heavy nuclear burning calculation. We
find that speedups from this technique are possible, but are
MPI implementation-dependent. We highlight some of the
challenges associated with this type of optimization.
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1 INTRODUCTION

FLASH is a high performance multiphysics code currently
used for a wide range of astrophysical simulations [2]. In
particular, it is a commonly-used tool for the simulation of
Type Ia supernovae (SNe), in which runaway fusion ignites
in a white dwarf and causes it to explode. The heavy element
yields of these events remain uncertain. Current simulations
track about a dozen isotopes, as opposed to the thousands
required to completely capture the nuclear physics.

In many multiphysics codes, each spatial grid point has
many degrees of freedom, such as composition and thermo-
dynamic and mechanical quantities. Evolving these quan-
tities from timestep to timestep generally requires solving
highly-coupled systems of equations and therefore takes many
FLOP/s. Components of this update step, though, may de-
pend on the results of global operations, which are frequently
bandwidth, not latency bound. When blocking MPI collec-
tives are used to perform these operations, the communication
cannot overlap with the local calculation.

Since supernovae are fundamentally competitions between
self-gravity and energy-releasing nuclear reactions, accurately
computing gravitational potentials is critical. The self-gravity
calculation uses an expensive global collective with large
message sizes. The nuclear reaction calculation is generally
the most computation-heavy physics routine in a FLASH
Type Ia SN simulation. We attempt to speed up Type la
SN simulations by replacing a blocking MPI collective in
the self-gravity routine with a non-blocking equivalent and
overlap the gravity communication with the nuclear burning
calculation.

We run all tests on Titan at OLCF.

2 MULTIPOLE POISSON SOLVER

The gravitational potential ¢(x) at point x due to a mass
distribution is given by the Poisson equation

V2$(x) = —4rGp(x), (1)

where p(x) is the mass density, and G is the gravitational con-
stant. Solving equation 1 directly using the Green’s function
is not efficient. Instead, for centrally-concentrated problems,
FLASH uses the multipole expansion of the potential which
is suitable for mass distributions dominated by low spherical
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Figure 1: Approximate weak scaling behavior of com-
ponents of FLASH multipole gravity and nuclear
burning calculations, using non-blocking (dark col-
ors) and blocking (light) DMAPP MPI collectives
and progress engines. The total time is shown in
blue. Starting at ~ 10* MPI ranks, the non-blocking
implementation outperforms the blocking case.

orders. Implementation details for this calculation can be
found in [1].

Broadly speaking, the calculation can be divided into three
parts: determining the center of mass, computing the multi-
pole moments, and finding the final gravitational potential.
The center of mass and multipole moment calculations both
involve local computation followed by an MPI collective, re-
quiring pairwise communication between every node. The
multipole moment collective is more expensive by orders of
magnitude due to the larger amount of data, so it is the
primary target of our optimization efforts.

In the default version of FLASH, the gravity and burning
calculations occur independently in serial. Our approach in-
volves splitting the gravity calculation into two components:
the first performs the local calculation to obtain the moments
and calls the non-blocking collective. The nuclear burning cal-
culation is then performed. Once the burning calculation has
finished, the collective will have made progress; once the com-
munication is finished, each rank computes the gravitational
potential at each point.

‘We compare the weak scaling performance of our implemen-
tation with blocking and non-blocking collectives in figures
1 and 2. For the non-blocking timings in both figures, we
use the DMAPP MPI implementation and a progress engine
with core specialization. Figure 1 shows the performance of
blocking collectives with the same MPI configuration, while
in figure 2 we use the default MPICH implementation (i.e. not
DMAPP) and use MPICH_COLL_OPT_OFF=1, which includes
turning off shared memory optimizations. We find that non-
blocking collectives provide speedups over blocking DMAPP
collectives at greater than ~ 10% ranks. They do not, however,
improve overall performance over the unoptimized default
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Figure 2: Same as figure 1, but blocking collectives
(light colors) use default MPICH implementations
and have collective optimizations turned off. Non-
blocking collectives (dark colors) use DMAPP col-
lectives and a progress engine, as in figure 1.

MPI implementation, at least up to ~ 3 x 10* ranks. The
poor performance of DMAPP-based blocking collectives oc-
curs because the message sizes in the collective are too large
to take advantage of the OS-bypassing fast memory access
afforded by DMAPP. This behavior on the Gemini network
of Titan is in contrast to earlier work on the Cray Aries
interconnect [3]. We do not find evidence that the application
is subject to system throttling of MPI messages in any logs
or application output.

The burning calculation is independent of MPI, yet it is
slower in the non-blocking case than in the blocking case.
There is evidence that this is due to interference and/or
competition for resources between the progress engine and
the local calculation. Even though we initialize a progress
engine in the blocking case, it does not use as many resources.

3 CONCLUSIONS

‘We have demonstrated that even for large communicator sizes
and in cases where the blocking collective is a substantial
fraction of the execution time, speedups from non-blocking
collectives are not guaranteed. The progress engine can sub-
stantially hamper the performance of the concurrent calcula-
tion. Further, the speedups are substantially implementation
and configuration-dependent. Applications with large mes-
sage sizes running on a Gemini network may be significantly
negatively impacted by DMAPP blocking collectives and
shared memory copy optimizations.

Our production target is 3D simulations on the new Sum-
mit platform at OLCF. It is unclear how (1) the increased
payload size for 3D and (2) the SpectrumMPI implementation
of non-blocking collectives will impact these results

Supplementary information: https://goo.gl/etPtBw
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