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XcalableMP: A Prallel Programming Model
for Distributed Memory System

JiNPIL LEE ,™! Taisuke Boku 112
and MITSUHISA SaTo T1:12

Although MPI is a de-facto standard for parallel programming on distributed
memory systems, writing MPI programs is often a time-consuming and compli-
cated process. XcalableMP is a language extension of C and Frotran for parallel
programming on distributed memory systems that helps users to reduce those
programming efforts. XcalableMP provides two programming models. The first
one is the global view model, which supports typical parallelization based on
the data and task parallel paradigm, and enables parallelizing the original se-
quential code using minimal modification with simple, OpenMP-like directives.
The other one is the local view model, which allows to use CAF-like expression
to describe internode communications. Users can even use MPI and OpenMP
explicitly in our language to optimize the performance explicitly. In this paper,

we introduce XcalableMP, the implementation of the compiler, and the per-
formance evaluation result by global view parallelization in XcalableMP. The
experiemntal result shows that XcalableMP achieves close performance to MPI
version on CG of the Nas Parallel Benchmarks given a small modification to
the original sequential code.
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int array[YMAX][XMAX];
vy I ] #pragma xmp nodes p(4)

#pragma xmp nodes p(4) #pragma xmp template t(0:MAX-1)

#pragma xmp template t(0:YMAX-1) |
#pragma xmp distribute t(BLOCK) on p
#pragma xmp align array[i][*] with t(i)

template t |

#pragma xmp distribute t(BLOCK) on p

main() {
inti,j,res =0;
#pragma xmp loop on t(i)
for(i = 0; i < YMAX; i++) {
for(j = 0; j < XMAX; j++) { node 1 | node 2 | node 3 | node 4
array[i][j] = func(i,j); | | ! ! |

res += array[il[j];
il U\ node 1 [node 2 node 4
}

#pragma xmp reduction (+:res) #p;gg?qf 8“?2 lla%((_)?_'_%')) (.1
} =V, ) e

| node 1 | node 2 | node 3 | node4|

#pragma xmp align arrayf[i] with t(i)
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int **array;

__xmp_array_handle_t* _array_handle; /1 B2 5 O iifi 5L 1 R % UR A

main(int argc, char **argv) {
intijres=0, local i lower, local i upper; /I =T FHEIZANSZESR
__xmp_init(&argc, &argv); I S84 LOWEE
__array_handle = __ xmp_distribute_array_2(&array, ...); /I A DHEREIYHT
__local_i_lower = __xmp_get_lower(__array_handle, ...); I W—TREDOTRE
__local_i_upper=__xmp_get_upper(__array_handle, ...); // L—TRED LR
for(i=__local_i_lower; i< __local_i_upper; i++){ I D=9 xTIYT

for(j = 0; j < XMAX; j++) {
array[i][j] = func(i,j);
res += arrayl[il[j];
}
}
__xmp_allreduce(&res, ...); I )Eo a8k
__xmp_finalize(); I VB4 LHT

}
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#tpragma xmp nodes on p(NPCOL,NPROW)
#tpragma xmp template t(0:na+1, 0:na+1)
#tpragma xmp distribute t(BLOCK, BLOCK) on p

#pragma xmp loop on t(*,i)
for (j = 0; j <= lastrow-firstrow; j++) {
sum = 0.0;
for (k = rowstr[j]; k <= rowstr[j+1]-1; k++) {
sum = sum + a[k]*p[colidx[K]];

double x[na+2], z[na+2], p[na+2],
g[na+2], r[na+2], w[na+2];

}
#pragma xmp align [i] with t(i,*) :: x,2,p,q,r /I 7TlZq[j] = sum;

#pragma xmp align [i] with t(*,i) :: w w[j] = sum;
}
static void conj_grad ( ... )
{ #pragma reduction(+:w) on p(*,:)

#pragma xmp loop on t(i,*)
for(j = 0; j < lastcolfirstcol; j++) {
T RIMLDEE
} }
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