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XACC MDHEBE - T/\AM A[E&EE

* XMPD & E DLAE

El

e #ipragma xmp [reflect|gmove|reduction|bcast] ... acc

Uy
EIEHAE Y TIBIEZEFKEITRIEE (e.g. GPUDirect for RDMA)
XMP + OpenACC XACC

“host TS host

device TS device

$t &t wm

device

p(1) p(2) p(1) p(2)

device

#pragma acc update host(sum) #pragma xmp reduction(+: sum) acc
#pragma xmp reduction(+: sum)

#pragma acc update device(sum)
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e Coarray |ZH X1 i
e OpenACC ME#RIZILET= Fortran M Coarray IZEET 5

ERb P oA A
Fortran C
real a(N)[*] double a[N]:[*];
ISacc declare create(a) #pragma acc declare create(a)
if(this_image() == 1) then if( xmp_node_num() == 1){
ISacc host_data use_device(a) #pragma acc host_data use _device(a)
a(:)[2] = a(:) al:l:[2] =al:];
end if }




Omni XACC compiler

e Omni compiler TEZELT=-XACCAV /(T
* Omni XMP compiler M #5 5k
e Y—XtoY/—RA/\ALT: XACC - OpenACC
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Omni XACC
translator
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OpenACC
OpenACC + compiler

Omni XACC

runtime call
/4

$ ./configure ...
$ xmpcc

. —XdCC

--enable-xacc
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. Coarray 0)7"'1@(3: C 0)5'%""”5

o T/\A X[EB&1E (runtime library)
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* MPI ki
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e MPI + TCA R
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« NUFI—Y
* Himeno Benchmark
* NAS Parallel Benchmarks CG (NPB-CG)
« SFBEDI—FZHE
 MPI + OpenACC (MPI+ACC)
e XACC global-view (XACC-G)
e XACC local-view (XACC-L) HA-PACS/TCA A&

CPU Intel Xeon-E5 2680v2 2.8GHz x 2

e HA-PACS/TCATEE{H

Memory DDR3 1866MHz, 128GB

« 1GPU/MPIZAEX
GPU Tesla K20X x 4

Interconnect | InfiniBand Mellanox Connect-X3
Dual-port QDR

Compiler GCC4.4.7, CUDA 7.5, MVAPICH2-GDR 2.2rcl
Omni Compiler 1.0.3 824
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imeno Benchmark

#pragma xmp template t(0:MKMAX-1, 0:MJMAX-1,
0:MIMAX-1)

#pragma xmp nodes n(1, NDY, NDX)

#pragma xmp distribute t(block, block, block) onto n

#pragma xmp align p[k][j][i] with t(i, j, k)

#pragma xmp shadow p[1:2][1:2][0:1]

#pragma acc data copy(p,...)
{

#pragma xmp loop (k,j,i) on t(k,j,i)
#pragma acc parallel loop reduction(+:gosa) collapse(2)
gang

for(i=1; i<imax-1 ; ++i)

—

for(j=1; j<jmax-1 ; ++j)

#pragma acc loop vector reduction(+:gosa)
for(k=1 ; k<kmax-1 ; ++k){
s0 = a[O][i][jl[k]*pli+1](j](k]+al2][i] (j1IK] + ..;

}

#pragma xmp reflect(p) width(1,1,0) acc

} //end of acc data ...
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- MAITOEREDMBEINREFIZSN TLVZL
o Bl (jRITARDBIE)

Xmp_sync_images(num_npy, npy, NULL); // A7 X R EA
lo_recvbuf[0:len] = lo_sendbuf[0:len]:[mez][mey-1][mex]; // get
hi_recvbuf[0:len] = hi_sendbuf[0:len]:[mez][mey+1]lmexl-:

Xxmp_sync_images(num_npy, npy, NULL); MPI_Get(..., win);
’ MPI_Win_flush_localf(..., win);

Xxmp_sync_images(num_npy, npy, NULL); vJ
_XMP_coarray_shortcut_get( .., DESC_lo_recvbuf~J; /] B callTEEHZ
_XMP_coarray_shortcut_get( .., _DESC_hi_recvbuf, ..); /] B callTEEHZ
Xxmp_sync_images(num_npy, npy, NULL); /] TDEF
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Performance [GFlops]
(o)
o
o

1x1 2x1 2x2 4x2 4x4 8x4 8x8
I VIPI+ACC B XACC-G
mm XACC-L (async) XACC-G / (MPI+ACC)

—a—XACC-L (async) / (MPI+ACC)

FaRIXMPT—H S 3y

40

Performance rate [%

15



NPB-CG
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#pragma xmp nodes p(NUM_COLS, NUM_ROWS)
#pragma xmp template t(0:NA-1,0:NA-1)
#pragma xmp distribute t(block, block) onto p
#pragma xmp align wli] with t(*,i)

#pragma xmp align q[i] with t(i,*)

double a[NZ];

int rowstr[NA+1], colidx[NZ];

#pragma acc data copy(p,q,r,w, a[0:NZ], ...)
{

#pragma xmp loop on t(*,j)
#pragma acc parallel loop gang
for(j=0; j < NA; j++){
double sum =0.0;
#pragma acc loop vector reduction(+:sum)
for (k = rowstr[j]; k < rowstr[j+1]; k++)
sum = sum + a[k]*p[colidx[k]];
w(j] = sum;
}

#pragma xmp reduction(+:w) on p(:,*) acc

SpMV

—

#pragma xmp gmove acc

ql:] = wl:];

} /}end acc data
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« YF A DHEDEL
e MPI + OpenACC [& MPI Isend/Recv EMNE JL—TIZ&KY GPU £
T Recursive-Doubling ;&
« XACC-G [& MPI_Allreduce
¢ MV2 TlIEARRAMZaE—LTYR L3>
* CG D Class D MY A4 X1=& MPI_Allreduce DA HVELY

100000

2770+ X ' a7atex 87O+ X y

10000 |/ ,/ A
)
1000 - / A
al
100 / 1x2 A _2X4 / 4x8
i 2x2 /—4)(4 A 8x8
10 / Y

latency ( ps)

MPI_Allreduce

send-recv

1

1 128 16384 2097152 1 128 16384 2097152 1 128 16384 2097152
# of elements FAEXVE G efbronts # of elements 19
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