Cemunap 11. Pemienne nsymepHoro ypasHenus Ilyaccona npsiMbIMu MeTOJaMH.

1. IlocTanoBKa 3aga4u.
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3. Pemienne ypaBHenus Ilyaccona ¢ nomombo 1uckpeTHoro npeoopasopanus ®ypoe (Ilpumep 1).
[TocranoBka 3aauu:

k(x,x,)=1 k(x,x)=L f(x,x)= 27 sin(7x,) sin(7x, ),
g(x,x,)=0, u(x,x,)=sin(zx,)sin(zx,).
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PacnapanienvuBanrue MOKHO MPOBOJUTH IO OOOMM MHIEKCAM Ha pEelIeTKe MPOILIECCOPOB.
Ecmm N, =2" , To MOXXHO IPUMEHUTH OBICTpOE IUCKpeTHOE peodpasoBanue Dypre (BAIID).
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4. Pemenne ypaBHenus Ilyaccona komonnupoBanHbiM MetoaomM AID-JII" (Ilpumep 2).
[TocTanoBka 3agaun:

k(x,x,)=k(x)=1+(x,—0.5), k(x,x,)=1,
f(x,x,) ==2(x, —0.5)7 cos(zx,)sin(zx, ) + 27" sin(zx, ) sin(zx, ),
g(x,x,)=0, u(x,x,)=sin(zx,)sin(zx,).
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5. Peanuzaumsi npumMepos.

Ilpumep 1. Pemwenme ypaBHeHus: IlyaccoHa MeTomom $ypme Ha peleTke npoueccopoB (exl5a.c).

#include <stdio.h> #include <stdlib.h> #include <string.h> #include <math.h>

#include "mycom.h" #include "mynet.h" #include "myio.h"

int np, mp, nl, ier, 1lp;

int npl, np2, mpl, mp2;

char pname[MPI_MAX PROCESSOR NAME] ;

char vname[10] = "exl5a"; char sname[20];

MPI_ Status status;

union_t buf;

double tick, tl, t2, t3;

FILE *Fi = NULL;

FILE *Fo = NULL;

int nl, n2;

double pi, pi2;

double mysin(double x); double mysin(double x) {
double s = sin(x); if (dabs(s)<le-15) return s; else return 0.0; }

double f (double x1, double x2); double f(double x1, double x2) {
return pi2*mysin (pi*x1l) *mysin (pi*x2); }

double u(double x1, double x2); double u(double x1, double x2) {
return mysin (pi*xl) *mysin (pi*x2); }



int main(int argc, char *argv][])
{
int i1, i2, k1, k2, nlp, n2p, nl2p;
int n, m, i11, il2, i21, i22, ncl, nc2, nclm, nc2m, ncl2;
double hl, h2, hl2, h22, hO, s0, sl, s2; double *xxl, *xx2, *cvl, *cv2, *gg, *yy;,
MyNetInit (&argc, &argv, &np, &mp, &nl,pname, &tick) ;
fprintf (stderr,"Netsize: %d, process: %d, system: %s, tick=%12le\n",np,mp,pname, tick) ;
sleep (1) ;
sprintf (sname, "%s.p%02d" ,vname,mp) ; ier = fopen m(&Fo,sname, "wt");
if (ier!=0) mpierr ("Protocol file not opened",1);
fprintf (Fo,"Netsize: %d, process: %d, system: %s, tick=%12le\n",np,mp,pname,tick);
if (mp==0) {
sprintf (sname,"%s.d",vname) ; ier = fopen m(&Fi,sname,"rt");
if (ier!'=0) mpierr("Data file not opened",2);
fscanf (Fi,"'n1l=%d\n",&nl); fscanf(Fi,"n2=%d\n",b&n2); fscanf (Fi,"lp=%d\n", &lp);
fclose m(&Fi) ;
if (argc>l) sscanf(argv[1l],"%d",&nl);
if (argc>2) sscanf (argv[2],"%d",&n2);
if (argc>3) sscanf (argv[3],"%d",&lp);
}
if (np>1) {
if (mp==0) { buf.idata[0] = nl; buf.idata[l] = n2; buf.idata[2] = 1p; }
MPI_Bcast (buf.ddata,2,MPI_DOUBLE,O0,MPI_COMM WORLD) ;
if (mp>0) { nl = buf.idata[0]; n2 = buf.idata[l]; 1lp = buf.idata[2]; }
}
My2DGrid (np,mp,nl,n2, &npl, &np2, &mpl, &mp2) ;
MyRange (npl,mpl,0,nl,&ill,&il2,&ncl); nclm = ncl-1;
MyRange (np2 ,mp2,0,n2,&i21,&i22,&nc2) ; nc2m = nc2-1;
ncl2 = ncl * nc2; nlp = nl+l; n2p = n2+l1l; nl2p = nlp*n2p;
hl1 =1.0/nl; h2 = 1.0/n2; hl2 = 1.0/ (hl*hl); h22 = 1.0/ (h2*h2); hO = 2.0*hl*h2;
pi = M PI; pi2 = 2.0*pi*pi;
fprintf (Fo, "Grid=%dx%d coord=(%d,%d)\n" ,npl,np2,mpl, mp2) ;
fprintf (Fo,"ill=%d i12=%d ncl=%d\n",ill,il2,ncl);
fprintf (Fo,"i21=%d i22=%d nc2=%d\n",ill,il2,nc2);
fprintf (Fo,"nl=%d n2=%d hl=%le h2=%le\n",nl,n2,hl, h2);
if (mp == 0) {
fprintf (stderr,"nl=%d n2=%d hl=%le h2=%le\n",nl,n2,hl, h2);
fprintf (stderr, "Grid=%dx%d\n" ,npl,np2) ;
}
tl = MPI_Wtime();
xxl = (double*) (malloc(sizeof (double) *nlp)) ;

xx2 = (double*) (malloc(sizeof (double) *n2p)) ;
cvl = (double*) (malloc(sizeof (double) *nlp)) ;
cv2 = (double*) (malloc(sizeof (double) *n2p)) ;

gg = (double*) (malloc(sizeof (double)*nl2p)) ;
yy = (double*) (malloc(sizeof (double)*nl2p)) ;
for (i1=0; il<=nl; il++) xx1[il] = hl * il;
for (i2=0; i2<=n2; i2++) xx2[i2] = h2 * i2;
for (i1=0; il<=nl; il++) cvl1l[il] = 1.0 - cos(pi*il*hl);
for (i2=0; i2<=n2; i2++) cv2[i2] 1.0 - cos(pi*i2*h2);
// step 1:
if (np<2) {
for (i2=0; i2<=n2; i2++) {
for (il1l=0; il<=nl; il++) {
m = nlp * i2 + il; yy[m] = £(xx1[il] ,xx2[i2]) ;
}

}
}

else {
for (i2=0; i2<=n2; i2++) {
for (il1=0; il<=nl; il++) {
m = nlp * i2 + il; sO = 0.0;
if ((1i11l<=il) && (il<=il2) && (i21<=i2) && (i2<=i22)) sO0 = f£(xx1[il],xx2[i2]);
gg[m] = s0;
}
}
MPI Allreduce(gg,yy,nl2p,MPI DOUBLE,MPI SUM,MPI COMM WORLD) ;
}



// step 2:
if (np<2) {
for (k2=0; k2<=n2; k2++) {
for (k1=0; kl<=nl; kl++) {
n =nlp * k2 + kl1; sO = 0.0;
for (i2=1; i2<n2; i2++) {
for (il=1; il<nl; il++) {
m = nlp * i2 + il; sl = mysin(pi*kl*xx1[il]); s2 = mysin(pi*k2*xx2[i2]) ;
s0 += yy[m] *sl*s2;
}
}
sl = hl2*cvl[kl] + h22*cv2[k2]; sO = sO * hO / sl; gg[n] = sO;
}
}
}

else {
for (k2=0; k2<=n2; k2++) {
for (k1=0; kl<=nl; kl++) {
n =nlp * k2 + k1; sO = 0.0;
if ((ill<=kl) && (kl<=il2) && (i21<=k2) && (k2<=i22)) {
for (i2=1; i2<n2; i2++) {
for (il=1; il<nl; il++) {
m = nlp * i2 + il; sl = mysin(pi*kl*xx1[il]); s2 = mysin(pi*k2*xx2[i2])
s0 += yy[m] *sl*s2;
}
}
sl = hl2*cvl[kl] + h22*cv2[k2]; sO = sO * hO / sl1;
}
ggln] = s0;
}

}
MPI Allreduce(gg,yy,nl2p,MPI DOUBLE,MPI SUM,MPI COMM WORLD) ;

for (n=0; n<nl2p; n++) gg[n] = yyl[n];
}
// step 3:
if (np<2) {
for (i2=0; i2<=n2; i2++) {
for (il=0; il<=nl; il++) {
m = nlp * i2 + il; sO = 0.0;
for (k2=1; k2<n2; k2++) {
for (kl=1; kl<nl; kl++) {
n = nlp * k2 + kl; sl = mysin(pi*kl*xx1[il]); s2 = mysin(pi*k2*xx2[i2]) ;
s0 += gg[n]*sl*s2;
}
}
yy[m] = s0;
}
}
}
else {
for (i2=0; i2<=n2; i2++) {
for (il1=0; il<=nl; il++) {
m = nlp * i2 + il; sO0 = 0.0;
if ((ill<=il) && (il<=il2) && (i21<=i2) && (i2<=i22)) {
for (k2=1; k2<n2; k2++) {
for (kl=1; kl<nl; kl++) {
n = nlp * k2 + kl; sl = mysin(pi*kl*xx1[il]); s2 = mysin(pi*k2*xx2[i2]) ;
s0 += gg[n]*sl*s2;
}
}
}
yy[m] = s0;
}

}
MPI_Allreduce (yy,gg,nl2p,MPI_DOUBLE,MPI_ SUM,MPI COMM WORLD) ;

for (n=0; n<nl2p; n++) yy[n] = gg[n];
}
// fine:



tl = MPI Wtime() - tl; s2 = 0.0;
for (i2=0; i2<=n2; i2++) {
for (il=0; il<=nl; il++) {
m = nlp * i2 + il; s0 = u(xx1[il],xx2[i2]); sl = dabs(yy[m]-s0); s2 = dmax(s2,sl);
if (1p>0) fprintf (Fo,"xl=%le x2=%le y=%le u=%le
d=%le\n" ,xx1[il] ,xx2[i2] ,yy[m],sO0,sl);
}
}
fprintf (Fo,"tl=%le dmax=%le\n",tl,s2);
if (mp==0)
fprintf (stderr, "np=%d (%dx%d) nl=%8d n2=%8d dmax=%le
time=%le\n" ,np,npl,np2,nl,n2,s2,tl);
if (mp==0 && 1lp>0) {
sprintf (sname, "%s_%02d.dat" ,vname,np); OutFun2D (sname,0,nlp,n2p,xxl,xx2,yy)
}
MPI Finalize()
return O;

}

TpaHCasLMS :
>mpicc -o exl5a.px -02 exl5a.c mycom.c mynet.c myio.c -1lm

PesyneTaTi pacyeToB:
>mpirun -np <1-16> -nolocal -machinefile hosts exl5a.px 128 128 (sanyck B kJjacce)

>mpirun -np <1-16> exl5a.px 128 128 (sanyck Ha cepeepe)
np= 1 (1x1l) nl= 128 n2= 128 dmax=1.499661le-32 time=7.579066e+01
np= 2 (1x2) nl= 128 n2= 128 dmax=1.49966le-32 time=3.824831le+01
np= 3 (1x3) nl= 128 n2= 128 dmax=1.49966le-32 time=2.54800%e+01
np= 4 (2x2) nl= 128 n2= 128 dmax=1.499661le-32 time=1.936292e+01
np= 5 (1x5) nl= 128 n2= 128 dmax=1.499661le-32 time=1.556806e+01
np= 6 (2x3) nl= 128 n2= 128 dmax=1.49966le-32 time=1.332567e+01
np= 7 (1x7) nl= 128 n2= 128 dmax=1.49966le-32 time=1.161343e+01
np= 8 (2x4) nl= 128 n2= 128 dmax=1.49966le-32 time=9.934915e+00
np= 9 (3x3) nl= 128 n2= 128 dmax=1.499661le-32 time=9.327514e+00
np=10 (2x5) nl= 128 n2= 128 dmax=1.499661le-32 time=8.118166e+00
np=11 (1x11l) nl= 128 n2= 128 dmax=1.499661le-32 time=7.635249e+00
np=12 (3x4) nl= 128 n2= 128 dmax=1.49966le-32 time=7.074516e+00
np=13 (1x13) nl= 128 n2= 128 dmax=1.499661le-32 time=6.776237e+00
np=14 (2x7) nl= 128 n2= 128 dmax=1.49966le-32 time=6.199461e+00
np=15 (3x5) nl= 128 n2= 128 dmax=1.499661le-32 time=5.503648e+00

np=16 (4x4) nl= 128 n2= 128 dmax=1.499661le-32 time=5.311533e+00



