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Results

* Naively, one would expect that using non-block-
ing collectives to overlap communication and
computation would always lead to a speedup.

Introduction and Motivation

FLAsH 1s a high-performance multiphysics code
used for a wide range of astrophysical simula-
tions. It 1s commonly used to simulate Type Ia su-

pernovae (SNe), in which runaway fusion 1gnites JEEREE" = womEER * This occurs 1n Fig. 4 — compared with bmaPpp-
in a white dwarf (WD), causing it to explode. ALLREDUCE | p NEE- (o Emmm @ 14isotopes based blocking collectives, non-blocking collec-
PSSy | [ ] -===== 150 isotopes .
p tives show a speedup at ~10* ranks.
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» Simulating nuclear physics and self-gravity
accurately and efficiently 1s critical for modeling
a Type la supernova.

* However, for large message sizes, bMaPp block-
ing collectives are an order of magnitude slower
than the default MPICH implementation (with
MPICH COLL OPT OFF=1). Fig. 5 demon-
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Common pattern in multiphysics codes: spatial : strates this behavior — the non-blocking col-
grid points have many degrees of freedom (re- Fig 2. Schematic representation of FLASH’s physics evo- ol lectives do not provide a speedup over the un-
quiring heavy local computation) but also per- lution. Each block in the AMR grid contains a fixed-res- optimized blocking collectives. The size of the
form global operations, which are frequently not olution grid. At each gridpoint, there are many degrees of — messages in the collective are too large to take
lat?ncy-boqnd. | freedom. An update requires an ALLREDUCE collective and — 10k E advantage of the OS-bypassing fast memory ac-
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: Wlth blocking MPI cololectlves, global Operd a local nuclear reaction network calculation. 9 cess (FMA) afforded by pmarp. This behavior

tions cannot overlap with local calculations. . , , g10 ¢ on the Gemini network of Titan is in contrast to
Fig 3. Pseudocode of new evolution routine B : : .
earlier work on the Cray Aries interconnect (cf.

ApproaCh . . 1: pI‘OCGdUF‘e. EVOLVE NEW 10—2 ! —— gravity & burn : Nietj:lammer et al. 2014)

 Self-gravity calculation has an expensive global 2:  di < initdt —+— moment collective 4 : . : :

Hect; e . 5 £ 0 N * The burning calculation 1s entirely local, yet 1t
collective with large message sizes. ! —=— average burn - . . : :

. . 4: loop: o b - L 1s slower 1n the non-blocking case than in the

* Nuclear reaction network calculation 1s local and = HYDRO 0 0 0’ . . . ..

ke a | ber of FLOP/ MPT rank blocking case. There 1s evidence that this 1s due
takes a farge number 0 > . S to interference and/or competition for resources

: . ° 7 GRAVITY INIT . : .

* Replace blocking MPI collective in self-gravity — Fig 4. Weak scaling behavior of components of the grav- :

: : 8  BURN . ; . . between the progress engine and the local calcu-
with a non-blocking one and overlap non-block- 9. GRAVITY FINALIZE ity & burn calculation, using non-blocking (dark) and lation. Though we initialize a progress engine in
ing collective with computation-heavy nuclear 10:  dt < NEWDT blocking (light) pmapp MPI collectives. The non-block- oy " .

11:  if END CONDITION then . . . o the blocking case, 1t 1s not as expensive.
burn. — ing collectives provide a significant overall speedup.
: 12: return
* All tests are run on Titan at OLCF. 13 else ” - -
14: t<—t+di :
15: goto [oop e o o o . .
—— ——
B . 16: function GRAVITY INIT 0'L ™ — Conclusions
o 80 gff)T R . ; 0 17:  CENTER_OF MASS : . e Care should be taken when selecting an MPI im-
w w tee o MOMBRAS_INHL = ol ' plementation and tuning environment variables.
19: return — 10 F E
20: function GRAVITY FINALIZE S * There may be unexpected interaction between
2L MOMENTS_FINALIZE o application components.
22:  POTENTIAL g10 2
23:  return = sravity & burn * Our production target is 3D simulations on the
24: function MOMENTS__ INIT 1 : ‘
e AL ATION 02 —+— moment collective _ nleWIISummlt pleclltfornll atd OLCI;. It 1s uncciee;r h}(iw
26: > non-blocking collective ; —=— average burn ; (1) the increased payload size for 3D and (2) the
27:  MPIL_IALLREDUCE | —*— avgwait, end of coll. . SpectrumMPI implementation of non-blocking
28:  return s & 1 collectives will impact these results.
29: function MOMENTS__FINALIZE MPI rank
30: > wait for communication to finish TALKS
31:  MPL_WAITALL Fig 5. Weak scaling behavior of components of the grav-
32: MPI BARRIER . . . . .
43 STORE DATA ity & burn calculgtlon. Blocklpg cqllectwes (light) use References and Acknowledgments
34: NORMALIZE the defaUIt MFPICH 1mp lementatlon (1.6 nOt DMAPP) and use B. Fryxell et al, 2000. The Astrophysical Journal Supplement 131 (Nov. 2000), 273-334
35: return — ' ' 1 S. Couch et al, 2013, The Astrophysical Journal 778, Article 181 (Dec. 2013). |
. . MPICH—COLL—OPT—OFF l (1nCIUd1ng tumlng Off the C. Niethamtmer et al, 2014. éRgS);"A Whitepaper (2014;[ ( )
Fig 1 (left). Temperature (left) and density (right) of a default shared memory collective behavior). Non-block- HIC is sumported by the Department of Energy Computational Science Graduate Fellowship, provided under
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76 5 432 10123456 7 the shock front has reached the surface. The white line figuration for the blocking collectives is competitive with i e Al ey i e e e

r [10° cm] shows the surface of the original WD model. the pmaApPP-based non-blocking collectives.



