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Performance Evaluations of OpenMP /MPI hybrid
NPB and RSDFT codes on a large-scale SMP cluster

MiwAKoO TsuJi tit and MITSUHISA SATOt

We evaluated the performance of hybrid NPB and RSDFT codes, which are parallelized by
OpenMP/MPI hybrid programming. In our experiments, it is shown that :
The OpenMP/MPI hybrid programming model takes advantage of dynamic load balancing
in problems for which appropriate data distribution to each MPI process is difficult. Smaller
number of MPI processes in hybrid programming reduces the waiting time for MPI synchro-
nization. The advantage of OpenMP/MPI hybrid programming can be realized if OpenMP
is used within a multicore processor and each thread can utilize its local memory through the

numactl utility.

1. IC®HIC

WX T, £OL5%INFIAT SMP 7 5 AFITH
WT, #EAEY, JVFAL YR -TOF 5327845
BAEY, Avt—I Ny 2T EONAT )y ROk
HERFHTS. Iy b7 3—21EL T T2K Tsukuba
%Z M\, NAS Parallel Benchmark (NPB) IZXfL T
OpenMP/MPINAT7 V) w Rifiz& 75w b MPI 50D
T 5. iz, B—FEEFEZTS Real-Space Den-
sity Functional Theory (RSDFT) J—K % OpenMP
ERWTNAT YUy RAFULL, HEERHEB KN —RK
JLT - ANRYE - ATV NOWEETS

BEED SMP 77 5 A7 123§ 2 HEEEIC B LTI, L
BUENIT U R - EFIET T bz MPL £F)LIC
$HLMEINTERD, EROBRE, IIFaT7ED
TSI OBBEIIED, NMTUvER - EFLZ
LIZLIET7 Iy b MPI LAIEHLKREVEHTH D Z
EMHSNIZ/E o7 : OpenMP/MPI N7 Uy R7 O
TIIVTETVE, HEATYEHOWFNETIIEY)
BT =Y SN EELFETY, BNRER DB TR

T REKEYHERFA
Institute for Solid State Physics, University of Tokyo
t REREFEREREL S 5 —

Center for Computational Sciences, University of Tsukuba

TH%. £z, MPI 7O AOKEMA B ENTES
729, Tt AFMO#H AR T 3.

2. BEHRR

AETIE, OpenMP & MPIONAT Uy K - 7055
2T IET BBEOMEICDOVNTENRS. FHOME
IZBNTE, 75y hae MPLIET VA, OpenMP/MPI
NAT VR« EFIK0BEN-HRERZRL =, FIZIE,
Cappello 591, NA1T Vv RT0S T3> 7 DML
TV r—2akETHHELENSD, 2<DEE
T79vhk MPIOZNIZEBEL 7. SPAM a—Rk?
T, N7 YUY REFINIL2F vy 23 X OpenMP
WMHORBAET —F 7 72 AR ET 5F vy a3
&0, NMMT Uy RTOFV 53073\ EEEER
Moz, MO\ FI—-% CFD, CGREDTS
Ur—2azBnTd™MO N1 T )y R bz & 25EE
BERORBIRSNaho /.

EETEEBET BN FAT I IAFIIHL T, W<
O OHREFMENTONTNSEDY, KFHXTIE, k#
BINFAT AT LOBREEREH T, ROFI—
7 BIVEBOEETOMAERMZ1T S

—163—



ZHWL99 892

VX WWIQ ¥ad

X WWIQ ¥ad
ZHWL99 892

4GB/s

{Full-duplex) (Full-duplex)
W) bl e (A2

(8)2
4GB/
(Full-duplex)

Mellanox MHGH28-XTC ConnextX HCA x2
(1.2 ps MPI Latency, 4X DDR 20Gb/s)

Mellanox MHGH28-XTC ConnextX HCA x2
(1.2 s MPI Latency, 4X DDR 20Gb/s)

1 T2K Tsukuba ®/—R

£ 1 _T2k-Tsukuba
648 node (quad-core x 4socket / node)

Opteron ”Barcelona” B8000 CPU

2.3GHz x 4FLOP /c x 4core x 4socket

= 147.2 GFLOPS / node
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3. T2K Open Supercomputer: A large-
scale multicore SMP cluster
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call dgemm(’T’,’N’,mm,nn,MLO,...)

call mpi_allreduce(ovrp2,ovlp2,mm*nn,...

call dgemm(°N’,’N’ ,MLO,nn,mm,...)
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#£ 5 _Si525H276

Py

Np

1x16 4x4 16 4x16 16x4 64 64x4 256 64x16 256x4 1024
DIAG 94.07 33.17 28.53 | 31.84 10.93 9.14 149.26  127.78 | 152.96 53.01 64.41
(MatE) 11.07 6.85 7.84 2.83 2.03 2.10 27.74 38.21 10.81 10.75 14.56
(hpsi) 13.32 4.93 5.90 2.70 1.52 1.49 9.93 8.58 7.18 3.40 3.90
(pzheevd) 16.08 8.09 2.95 8.52 2.37 1.53 42.04 12.68 48.53 17.08 15.92
(RotV) 53.60 13.30 11.86 | 17.78 4.99 4.01 69.58 68.32 86.24 21.57 29.78
CG | 122.19 53.62 62.59 | 30.24 17.69 17.06 129.45 116.72 | 107.82 54.52 71.50
(HPSI) 57.98 23.91 30.31 | 14.37 8.38 9.04 64.52 57.59 39.87 19.69 26.17
(PC) 51.15 22.17 25.23 | 11.26 7.20 6.18 52.38 45.10 56.52 26.07 36.72
GS 26.74 14.51 14.35 6.34 3.64 3.94 52.64 63.94 19.31 17.29 22.75
(total) | 286.53 116.86 123.65 | 76.71 36.78 34.73 355.82  331.23 | 298.59 133.42 170.82
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RSDFT 2—RZBAL T, PAPI (Performance APT)V
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PAPIL1/L2.DCM
PAPI_L1/L2.DCA
PAPIL1/L2.ICM
PAPLL1/L2.ICA
PAPLTOT.CYC
PAPLTOT_INS
PAPLFPU_IDL
PAPLSTL.ICY

L1/L2 data cache misses

L1/L2 data cache accesses
L1/L2 instruction cache misses
L1/L2 instruction cache accesses
Total cycles

Instructions completed

Cycles integer units are idle
Cycles with no instruction issue

PAPI_.BR-MSP Conditional branch instructions
mispredicted

PAPI_BR.INS Branch instructions

PAPI_TLB_.DM Data translation lookaside
buffer misses

PAPI_TLB_IM Instruction translation lookaside

buffer misses
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