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Introduction and Motivation
Flash is a high-performance multiphysics code 
used for a wide range of astrophysical simula-
tions. It is commonly used to simulate Type Ia su-
pernovae (SNe), in which runaway fusion ignites 
in a white dwarf (WD), causing it to explode.

Computational challenges
•	Simulating nuclear physics and self-gravity  
​accurately and efficiently is critical for modeling 
a Type Ia supernova.

•	Common pattern in multiphysics codes: spatial 
grid points have many degrees of freedom (re-
quiring heavy local computation) but also per-
form global operations, which are frequently not 
latency-bound.

•	With blocking MPI collectives, global opera-
tions cannot overlap with local calculations.

Approach
•	Self-gravity calculation has an expensive global 

collective with large message sizes.
•	Nuclear reaction network calculation is local and 

takes a large number of FLOP/s.
•	Replace blocking MPI collective in self-gravity 

with a non-blocking one and overlap non-block-
ing collective with computation-heavy nuclear 
burn.

•	All tests are run on Titan at OLCF.

Fig 5. Weak scaling behavior of components of the grav-
ity & burn calculation. Blocking collectives (light) use 
the default mpich implementation (i.e. not dmapp) and use 
MPICH_COLL_OPT_OFF=1 (including turning off the 
default shared memory collective behavior). Non-block-
ing collectives (dark) are the same as in Fig. 4. This con-
figuration for the blocking collectives is competitive with 
the dmapp-based non-blocking collectives.

Conclusions
•	Care should be taken when selecting an MPI im-

plementation and tuning environment variables.
•	There may be unexpected interaction between 

application components.
•	Our production target is 3D simulations on the 

new Summit 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.
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Fig 3. Pseudocode of new evolution routine

Results
•	Naively, one would expect that using non-block-

ing collectives to overlap communication and 
computation would always lead to a speedup.

•	This occurs in Fig. 4 — compared with dmapp-
based blocking collectives, non-blocking collec-
tives show a speedup at ~104 ranks.

•	However, for large message sizes, dmapp block-
ing collectives are an order of magnitude slower 
than the default MPICH implementation (with 
MPICH_COLL_OPT_OFF=1) . Fig. 5 demon-
strates this behavior — the non-blocking col-
lectives do not provide a speedup over the un-
optimized blocking collectives. The size of the 
messages in the collective are too large to take 
advantage of the OS-bypassing fast memory ac-
cess (FMA) afforded by dmapp. This behavior 
on the Gemini network of Titan is in contrast to 
earlier work on the Cray Aries interconnect (cf. 
Niethammer et al. 2014).

•	The burning calculation is entirely local, 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 calcu-
lation. Though we initialize a progress engine in 
the blocking case, it is not as expensive.

Fig 4. Weak scaling behavior of components of the grav-
ity & burn calculation, using non-blocking (dark) and 
blocking (light) dmapp MPI collectives. The non-block-
ing collectives provide a significant overall speedup.

1: procedure evolve_new
2: dt ← initdt
3: t ← 0
4: loop:
5: hydro
6: diffusion
7: gravity_init
8: burn
9: gravity_finalize

10: dt ← newdt
11: if end_condition then
12: return
13: else
14: t ← t+ dt
15: goto loop
16: function gravity_init
17: center_of_mass
18: moments_init
19: return
20: function gravity_finalize
21: moments_finalize
22: potential
23: return
24: function moments_init
25: local_calculation
26: � non-blocking collective
27: mpi_iallreduce
28: return
29: function moments_finalize
30: � wait for communication to finish
31: mpi_waitall
32: mpi_barrier
33: store_data
34: normalize
35: return

1

Fig 1 (left). Temperature (left) and density (right) of a 
simulation of a Type Ia supernova. The snapshot is after 
the shock front has reached the surface. The white line 
shows the surface of the original WD model.
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Fig 2. Schematic representation of flash’s physics evo-
lution. Each block in the AMR grid contains a fixed-res-
olution grid. At each gridpoint, there are many degrees of 
freedom. An update requires an allreduce collective and 
a local nuclear reaction network calculation.
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