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A Design of MPI Parallel Library Interface of
Parallel Programming Language XcalableMP

TAKENORI SHIMOSAKA, ! Hrrosur Murar f!
and MITSUHISA SATOf!

Parallel programming language XcalableMP (XMP) is parallel extension of
the existing language such as C and Fortran. In XMP we can easily write pro-
grams of executable parallel applications for the distributed memory systems.
XMP treats scientific computing applications, for which there are enormous
program assets written in C and Fortran. In such application development,
restricted time and technical constraints make it unrealistic for us to write all
programs in XMP. In order to develop parallel application programs easily, we
often use MPI parallel libraries such as ScaLAPACK and BLACS, then we
design MPI parallel library interface of XMP. Concretely, we investigate and
evaluate the linear system solver PDGESV with general coefficient matrix in
ScaLAPACK. As a result, we find usability improvement and cost reduction for
programing with keeping performance by using XMP.
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Table 1 Differences of programming model
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1 blacs_pinfo(iam,nprocs)
2 blacs_get(-1,0,ICTXT)
3 blacs_gridinit (ICTXT, order,nprow,npcol)

4 blacs_gridinfo (ICTXT,nprow,npcol,myrow,mycol)

01 BLACSOODOOOODOOOOOO

Fig.1 An example of BLACS initialization and context generation
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2 blacs_exit (0)

0 2 BLACSOOOOO
Fig.2 An example of BLACS end process
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double a[M][N],b[M],ipiv[2*M] [NPCOL];

int m=M,n=N,nprow=NPROW,npcol=NPCOL;

#pragma xmp nodes p(nprow,npcol)

#pragma xmp nodes q(nprow)=p(l:nprow,1)
#pragma xmp template t(0:m-1,0:n-1)

#pragma xmp template t1(0:2*m-1,0:npcol-1)
#pragma xmp template s(0:m-1)

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

© 00 N O O P> W NN

#pragma xmp distribute t1(block,block) onto p

[
o

#pragma xmp distribute s(block) onto q

[y
[

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

[y
N

#pragma xmp align ipiv[i][j] with t1(i,j)

[y
w

#pragma xmp align b[i] with s(i)

03 PDGESVUOOOOOOOODO
Fig.3 An example of Block-Divide for PDGESV
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PDGESV(N, NRHS, A, IA, JA, DESCA, IPIV, B, IB, JB, DESCB, INF0)
INTEGER U N,NRHS,IA,JA,IB,JB,INFO
N(global):OOODO ADDODODOD sub(A) OODOO
NRHS(global) :0 OO0 BOOOOO sub(B) OO DO
IA(global): 0000 AODOODODO sub(A) DOOOOO (MBLAOODO+1)
JA(global): 0000 ADDDODODO sub(A) DOOOO0O (NBLAOODO+1)
IB(global): 0000 BOOODODO sub(B) DOOOOO (MBLBOODO+1)
JB(global): 0000 BOODODODO sub(B) DOOOOO
IPIV(local):O00O0O0O0O0OO0O0O0O0O0000O0O0 AOODO+MB_A
INFO:ODOOOO
DOUBLE PRECISION O A(x),B(x)IM OO00O00OO
INTEGER O DESCA,DESCBIII ADBOOOOOOONO

0 4 PDGESV O Fortran 0000000
Fig.4 PDGESYV Fortran interface
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Fig.5 Specification of array descriptor

xmp_blacs_pinfo(iam,nprocs)
xmp_blacs_get(-1,0,ICTXT)
xmp_blacs_gridinit (ICTXT,"C",nprow,npcol)

Sw N e

xmp_blacs_gridinfo (ICTXT,nprow,npcol,myrow,mycol)

06 XMPOO BLACSOOOUOOOOODOOOODO
Fig.6 An example of BLACS initialization and context generation for XcalableMP
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xmp_pdgesv(n,nhrs,a,ia,ja,adesc(a),ipiv,b,ib, jb,adesc(b),ictxt,info)
int n,nhrs,ia, ja,ib, jb,info
double a:global/local DO ODO (ODOO:global 00 — OO0 :locallO)
double b:global/local DO OO (OOO:global 00 — OO0 :locallO)
int ipiv:0 000 global/local 00O (OO0 :global 00 - OO0 :localO0O)
int ictxt:000000O
adesc 0000 adesc(a), adesc(b)

0 7 XcalableMP 00 PDGESV O0O0O0O0OOOO
Fig.7 A proposal of PDGESV interface of XcalableMP
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global template_unitsize(adesc(a),mb_a,nb_a)
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xmp_blacs_gridexit (ICTXT)

08 XMPOO BLACSOOOODO
Fig.8 An example of BLACS end process of XcalableMP
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Table 2 Experimental environment

PC Cluster(DOO0DOO)

CPU Intel Xeon X5670 (2.93 Ghz 6 core) * 2
Memory 24GB

Network 1Gbps Ethernet * 2 + Infiniband 4x QDR
oS Linux 2.6.18

MPI Intel MPI Library 4.0 Update2

C Compiler | gcc 4.1.2

03 0000 (2000000000)

Table 3 Benchmark(2000-dimension coefficient matrix)

0000 (sec)

XMpPOOOO XMpPOOODO
10000 (1000) | 3.49 3.78
40000 (4000) | 248 2.61
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54 0O g
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#include <stdio.h>
#include <mpi.h>

#define
#define
#define
#define

int m=M,

M 2000
N 2000
NPROW 2
NPCOL 2

n=N,nprow=NPROW,npcol=NPCOL;

double a[M][N],b[N],ipiv[2*M] [NPCOL];

#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma

xmp nodes p(nprow,npcol)

xmp nodes q(nprow)=p(1:nprow,1)

xmp template t(0:m-1,0:n-1)

xmp template t1(0:2*m-1,0:npcol-1)
xmp template s(0:m-1)

xmp distribute t(block,block) onto p
xmp distribute ti1(block,block) onto p
xmp distribute s(block) onto g

xmp align alil[j] with t(i,j)

xmp align ipiv[i] [j] with t1(i,j)
xmp align b[i] with s(i)

int main(int argc, char* argv[]){

int i,

j,ictxt,myrow,mycol;

int icontxt=-1,what=0;

int nrhs=1,ia=1, ja=1,ib=1, jb=1,info;
double a0[m] [n],b0[m],btmp,err;
char *order="C";

double ttime,timel,time2,one=1.0,oneminus=-1.0,fflops;

xmp_blacs_get (&icontxt,&what,&ictxt);

xmp_blacs_gridinit (&ictxt,order,&nprow,&npcol);

xmp_blacs_gridinfo(&ictxt,&nprow,&npcol,&myrow,&mycol) ;

for (i=

0;i<m;i++){

for(j=0;j<n;j++){
a0[il[j] = rand()/(1.0e+10);
}

#pragma xmp loop (i,j) on t(i,j)
for(i=0;i<m;i++){
for(j=0;j<n;j++){
alil[j] = ao[il[j]1;
}
}

for(i=0;i<m;i++){
b0[i]=1.0;

#pragma xmp loop on s(i)
for(i=0;i<m;i++){
b[il=bO[i];

time1=MPI_Wtime();

xmp_pdgesv (&n,&nrhs,a,&ia,&ja,adesc(a),ipiv,b,
&ib,&jb,adesc(b) ,&ictxt,&info);

time2=MPI_Wtime();

err=0.0;
for(i=0;i<m;i++){
btmp=0.0;
#pragma xmp loop on s(j) reduction(+:btmp)
for(j=0;j<m;j++){
btmp = btmp+a0[i] [j1*b[j];
}
if (mycol==0){
btmp=b0 [i]-fabs (btmp) ;
if (err < btmp){
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err=btmp;

}

if (myrow==0 && mycol==0){
ttime=time2-timel;
fflops=(2.0/3.0) *n*n*n+2.0*n*n;
printf ("n=Yd\n",n);
printf ("time=Ylfsec\n",ttime);
printf ("performance=Y1fMflops\n",fflops/1.0e6/ttime) ;
printf ("info=),d\n",info) ;
printf ("max err=}1f,myrow=}d,mycol=%d\n",err,myrow,mycol);

xmp_blacs_gridexit (&contxt) ;

return O;

6. DO0OOOOoOoOO

O0oooooXMPOOOOOOODODOOOOOOODODOOOScaLAPACKOOODODO
ooooooOOoODOOO000000000oO0O0O00O0XMPOOOOODOOOOOODDOOO
goboooobooooooooooooboooooooboooboooooobooOoo

O0000O0ScaLAPACKOOOODOOOOOOODOODOOOOODODODOOOOOOO
goooooooooooooooooooooooboboooooobooooooDooboo
goboooobooobooooo

00 ODO0oo0ooDOobOObOO000eOOO0OO0O0OO0DObOOOODODOOObDODOD
goooooooooooooooooooooboooooboooooooooooDooboo
O000OXcalableMP OO0 000000000 OOOOOOOOOOOOOCODODOO
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