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Code example (Y A—/N\NJLE 21—)

int a[MAX];

#pragma xmp nodes p(4)

#pragma xmp tc?mpflate t(0:MAX-1) { DTS J
#pragma xmp distribute t(block) on p

#pragma xmp align a[i] with t(i)

main(){
inti,j, res =0;

#pragma xmp loop on t(i) reduction(+:res)
for(i = 0; i <MAX; i++){ N\
ali] = func(i): [ T—H5 & EREE }
res += arrayli];

}




Code example (A—AJLE 1 —)

double a[100]:[*], b[1001:[*1; <{ CoarrayDEZx ]
INt me = xmp_nhode_num();

if(me == 2) -
al:]1:[1] = b[:]; { PULE(= J
if(me == 1)
a[0:50] = b[0:50]:[2]; <{ Geti&(s J

Coarray synax in XMP/C

array_name[start:length]:[node_number];
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® HPC Challenge Awards Competition Class 2AD 55 (FEXRIFZ2014F118)

® http://www.hpcchallenge.org
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® |n Class 1, only the performance of an HPC system is evaluated

® |n Class 2, the productivity and performance of a programming language
are evaluated (A—RDIL A ~E%Z50%. E6E%50% T )
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HPL version 1

® Source lines of Code (SLOC) is 313, written in XMP/C

e JOVOTAO) Y ONE

double A[N][N];

#pragma xmp nodes p(P,Q)

#pragma xmp template t(0:N-1, O:N-1)

#pragma xmp distribute t(cyclic(NB), \
cyclic(NB)) onto p

#pragma xmp align A[i][j] with t(j,1)

A[N][N]

1THFREICIZ
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® gmovelg XA/ (R)LE
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double A L[N][NB];
#pragma xmp align A L[i][*] with t(*,1)

#pragma xmp gmove
A L[k:len][0:NB] = A[k:1len][]j:NB];

'Ry DB UTWABBLASZFIF

A[N][N]
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HPL version 2

® SLOC is 426, written in XMP/C
® gmoveig X &asyncEizAL\zLookahead 7))L T X LADELE
BEEHEDA—/INSYD

A[N][N] A_L[N][NB]

double A L[N][NB];
#pragma xmp align A L[i][*] with t(*,1i)

#pragma xmp gmove async(1) k —

A L[k:len][0:NB] = A[k:1len][]j:NB];
: len {
for(m=j+NB;m<N;m+=NB){ | ::>>

for(n=j+NB;n<N;n+=NB){ .

-

cblas_dgemm(&A[m][n], ..); j” NB
if(xmp_test_async(1l) )4

// receive A[k:len][3:NB]; JEFEABroadcast® (=
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Performance of HPL

423 TFlops (80.7%)
4,096 _nodes

1000 ¢
" 971 TFlops (46.3%)
o T 16,384 nodes
L i
— 100 310 TFlops (59.1%)
4,096 nodes
10 | | | |
256 1024 4096 16384

Number of nodes
XMP-HPL Version 2OADNRT—SE U T4 HEL)



RandomAccess

® SLOC is 253, written in XMP/C
® XMP/C coarrayzRAW/zO—hI)LE 21—
® Postis X & Waitis X zHBUL\zP2P/\U 77

u64Int recv[LOGPROCS][RCHUNK+1]:[*]; < CoarrayDEZE

for (j = 0; j < logNumProcs; j++) {
recv[j][O:num]:[i_partner] = send[i][@:num]; < Put operation

#pragma xmp sync_memory
#pragma xmp post(p(i_partner), 0)

#pragma xmp wait(p(j_partner))
}

post/waitis XL\ zP2P/\U 77
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o HEIBEICET 1aE (put/get/post-wait/lock-unlock/sync.)
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Performance of RandomAccess
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STREAM

Fujitsud > /X1 >D STREAM (XMP/C)
e big X 7z 610 10000 3,583 TB/s
82,944 nodes
#pragma xmp nodes p(*)
#pragma loop xfill 1000 2,439 TB/s
#pragma loop noalias 82.944 nodes
#pragma omp parallel for %’ ,
for (i=0; i<N; i++) —

al[i] = b[i] + scalarxc[i]; 100 -

#pragma xmp reduction(+:triadGBs)
— = = — o 10 - | |
C%E’é’(blzortrand)ﬂiﬁ{lﬁ:ﬁf?b\ 1024 8192 65536

ZDERFEHTED Number of nodes




FFT
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212 TFlops

!$xmp loop on tx(i) 82,944 nodes

do i=1,nx 4§
call zfftid(b(1,i),ny,-1,cy) +00 4;0
end do -

50 TFlops
38,864 nodes

%)
I$xmp loop on tx(i) E%
I$omp parallel do EE
do i=1,nx
do j=1,ny
b(j)i)=b(j)i)*w(jJi)
end do
end do 1

512 4096 32768
call xmp_ transpose(a,b,1)

Number of nodes




Results and Machine

Summary
Benchmark # Nodes Performance (/peak)
UpL Ver. 1 16,384 971 TFlops (46.3%) 313
Ver. 2 4,096 423 TFlops (80.7%) 426
RandomAccess 16,384 254 GUPs 253
STREAM 82,994 3,583 TB/s (67.5%) 69
FFT 82,944 212 TFlops (2.0%) 205

The K computer: 82,944 nodes

e SPARCO64 VllIfx Chip, 128 GFlops
e DDR3 SDRAM 16GB, 64GB/s

® Tofu Interconnect

® 6D mesh/torus network
® 5GB/s x 4links x 2

©RIKEN

http://www.aics.riken.jp/jp/outreach/photogallery. html
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313 (ver. 1)
426 (ver. 2)

PCJ <N/A>

Coarray Fortran 786

Chapel 658

X10 708

MPI (hpcc-1.4) 8,800
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