Cemunap 12. Pemienne nsymepHoro ypasHenusi Ilyaccona urepanimoHHbIMH METOJAMH.
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3. Pemenne ypaBHenus Ilyaccona urepanimoOHHbIMHM MeTOIaAMHU.
3.1. MeToa npocToif HTepanuu.
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3.2. Metox nmpocToii nTepanum ¢ yckopenueMm no Yeonlmeny.
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3.3. Tpexcaoiinblii MeTox YeoObimena.
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3.4. Metoa SIxoomn.
Kanonunueckast AByXciioiiHasi cxema UTepalyii:
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3.5. Meton 3eiinensi—HexpacoBa—Akoon.
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4. IlapajuiesibHas peajin3anus HA IpUMepax.
TecToBag 3amada:

k, =1, f(x,X,)=27"sin(zx)sin(zX,), g(X,%)=0, Uu(x,X,)=sin(zX)sin(zX,).
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Br10op onTuMansHOTO TapameTpa:
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HapaJ'IJ'ICJ'ILHaH peam3anus NpoOBOAUTCA Ha PEIICTKE IMPOLIECCOPOB.

4.2. Meton 3eiinenss—HexpacoBa—Akoom.
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5. Peanuzauusi npuMepoB.
IpuMep 1. Meroxn Sxobm c YHII (exléa.c).
#include <stdio.h> #include <stdlib.h> #include <string.h> #include <unistd.h>
#include <math.h> #include "mycom.h" #include "mynet.h" #include "myrand.h"
#include "myio.h"
int np, mp, nl, ier, 1lp;
int npl, np2, mpl, mp2;
int mp 1, mp r, mp b, mp_t;
char pname[MPI MAX PROCESSOR NAME],
int lname; char vname[1024], char sname[1024]; union_t buf;
double tick, tl, t2, t3;
FILE *Fi = NULL; FILE *Fo = NULL;
int nl, n2, im, nc, mc, itm;
double pi2, eps;
double f (double x1, double x2); double f(double x1, double x2) {
return pi2*dsin(pi*x1) *dsin(pi*x2); }
double u(double x1, double x2); double u(double x1, double x2) {
return dsin(pi*x1) *dsin(pi*x2); }
int main(int argc, char *argv[])
{
int i, n, m, i1, i2, k1, k2, nlp, n2p, nl2p, it;
int il1, il12, i21, i22, ncl, nc2, nclm, nc2m, ncl2;
double hl, h2, hl2, tau, tau0O, gl2, g21, rka, dka;
double s0, s1, s2, s3, slm, slp, s2m, s2p;
double *rr, *xxl1, *xx2, *ff, *yy0, *yyl;
double *rr 1, *ss 1, *rr r, *ss_r, *rr b, *ss b, *rr t, *ss t;
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) ;
if (argc>l) strcpy(vname,argv[l]); else strcpy(vname,"exl6a"); lname = strlen(vname) ;
if (mp==0) fprintf (stderr,"Base name is %s\n", vname) ;
sprintf (sname, "%$s.p%02d" ,vname ,mp) ;
ier = fopen m(&Fo,sname,"wt");
if (ier!'=0) mpierr ("Protocol file not opened",1l);
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,"nl=%d\n",&nl); £scanf (Fi,"n2=%d\n",&n2);
fscanf (Fi,"im=%d\n", &im); £fscanf (Fi,"lp=%d\n", &lp);
fclose m(&Fi) ;



if (argc>2) sscanf (argv[2],"%d",&nl); if (argc>3) sscanf (argv[3],"%d",&n2);
if (argc>4) sscanf (argv[4],"%d",&im); if (argc>5) sscanf (argv[5],"%d",&lp)
}
if (np>1) {
if (mp==0) ({
buf.idata[0] = nl; buf.idata[l] = n2; buf.idata[2] = im; buf.idata[3] = 1lp;
}
MPI_Bcast (buf.ddata,2,MPI_DOUBLE,0,MPI_COMM WORLD) ;
if (mp>0) {
nl = buf.idata[0]; n2 = buf.idata[l]; im = buf.idata[2]; 1lp = buf.idata[3];
}
}
pi2 = 2.0*pi*pi;
nlp = nl+l; n2p = n2+1; nl2p = nlp*n2p; hl = 1.0/nl; h2 = 1.0/n2;
s0 = dmin (hl,h2); eps = pow(s0,3); eps = dmax(eps,le-14);
s0 = log(1.0/eps)*nl2p; if (s0>2000000000) itm = 2000000000; else itm = (int)sO;
tau0 = 0.25; if (argc>6) sscanf(argv[6],"%le",&taul); tau = taul;
mc = (int) (0.5*1log(1.0*nl2p)/log(2.0)); if (argc>7) sscanf (argv[7],"%d",&mc) ;
if (mc<1l){ mc=0; nc=1l; } else nc = 1 << mc;
gl2 = hl/h2; g21 = h2/hl; s0 = gl2+g21;
gl2 = 0.5*%*gl2/s0; g21 = 0.5*g21/s0; hl2 = 0.5*hl1*h2/s0;
My2DGrid (np,mp,nl,n2, &npl, &np2, &mpl, &mp2) ;

if (mpl == 0) mp 1 =-1; elsemp 1 =mp - 1;
if (mpl == npl-1l) mp r = -1; else mp r =mp + 1;
if (mp2 == 0) mp b = -1; else mp b = mp - npl;
if (mp2 == np2-1) mp_t = -1; else mp_t = mp + npl;

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;
fprintf (Fo, "nl=%d n2=%d mc=%d nc=%d\n",nl,n2,mc,nc);
fprintf (Fo,"nl2=%d itm=%d hl=%le h2=%le eps=%le\n",nl2p,itm,hl, h2, eps);
fprintf (Fo, "Grid=%dx%d coords=(%d,%d)\n",npl,np2,mpl,mp2) ;
fprintf (Fo,"mp_1=%d mp_r=%d mp_b=%d mp_t=%d\n",mp 1l,mp r,mp b,mp t);
fprintf (Fo,"ill=%d i12=%d ncl=%d\n",ill,il2,ncl);
fprintf (Fo,"i21=%d i22=%d nc2=%d\n",i21,i22,nc2);
if (mp==0) {
fprintf (stderr, "nl=%d n2=%d mc=%d nc=%d nl2=%d itm=3%d\n",nl,n2,mc,nc,nl2p,itm);
fprintf (stderr, "grid=%dx%d h1=%10.31le h2=%10.3le eps=%10.31le\n",npl,np2,hl,h2,eps) ;
}
rr = (double*) (malloc(sizeof (double) *nc)); mychebset(mc,nc,rr);
if (1p>0) for (m=0; m<nc; m++) fprintf (Fo,"m=%d rr=%le\n",m,rr[m]);
tl = MPI_Wtime();
xx1l = (double*) (malloc (sizeof (double) *ncl)) ;

xx2 = (double*) (malloc (sizeof (double) *nc2)) ;
ff = (double*) (malloc(sizeof (double)*ncl2));
yy0 = (double*) (malloc(sizeof (double)*ncl2)) ;

yyl = (double*) (malloc(sizeof (double)*ncl2)) ;
if (mp_1>=0) {
rr 1 (double*) (malloc (sizeof (double) *nc2)) ;
ss_1 = (double*) (malloc(sizeof (double)*nc2)) ;
}
if (mp_r>=0) {
rr_r = (double*) (malloc(sizeof (double)*nc2));
ss_r = (double*) (malloc(sizeof (double)*nc2)) ;
}
if (mp_b>=0) {
rr b (double*) (malloc (sizeof (double) *ncl)) ;
ss b (double*) (malloc (sizeof (double) *ncl)) ;
}
if (mp_t>=0) {
rr_t = (double*) (malloc(sizeof (double)*ncl));
ss_t = (double*) (malloc(sizeof (double) *ncl)) ;
}
for (il1=0; il<ncl; il++) xx1[il]
for (i2=0; i2<nc2; i2++) xx2[i2]
// Initialization of iterations:
for (m=0; m<ncl2; m++) ££[m]
for (m=0; m<ncl2; m++) yyO[m]
for (m=0; m<ncl2; m++) yyl[m]

hl * (ill+il);
h2 * (i21+i2);
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for (k2=0; k2<nc2; k2++) {
i2 = 121 + k2;
if ((i2>0) && (i2<n2)) {
for (k1=0; kl<ncl; kl++) {
il = i1l + k1;
if ((i1>0) && (il<nl)) {
m = ncl * k2 + k1; ff[m] = hl2 * £(xx1[kl],xx2[k2]); yyl[m] = ££f[m];
}
}
}
}
if (1p>0) {
for (k2=0; k2<nc2; k2++) {
i2 = i21 + k2;
for (k1=0; kl<ncl; kl++) {
il = i11 + k1; m = ncl * k2 + kl1;
fprintf (Fo,"il=%d i2=%d x1l=%le x2=%le f=%le\n",il,i2,xx1[k1l],xx2[k2],£f£f[m]);
}
}
}
it = 0;
// Iterative loop:
do {
if (mc>0){ // Chebyshov's speedup
m= it % nc; tau = tauO*rr[m];
}
for (m=0; m<ncl2; m++) yyO[m] = yyl[m]; // update
if (np>1) {
if (mp_1>=0) {
il = 0; for (i2=0; i2<nc2; i2++) { m = ncl * i2 + il; ss_1[i2] = yyO[m]; }
}
if (mp_r>=0) {
il = nclm; for (i2=0; i2<nc2; i2++) { m = ncl * i2 + il; ss_r[i2] = yyO[m]; }
}
if (mp_b>=0) {
i2 = 0; for (il=0; il<ncl; il++) { m = ncl * i2 + il; ss b[il] = yyO[m]; }
}
if (mp_t>=0) {
i2 = nc2m; for (il=0; il<ncl; il++) { m = ncl * i2 + il; ss_t[il] = yyO[m]; }
}
BndAExch2D (mp_1,nc2,ss_1,rr 1,
mp _r,nc2,ss r,rr r,
mp b,ncl,ss b,rr b,
mp_t,ncl,ss_t,rr_t);
}
rka = 0.0;
for (k2=0; k2<nc2; k2++) {
i2 = 121 + k2;
if ((i2>0) && (i2<n2)) {
for (k1=0; kl<ncl; kl++) {
il = i11 + k1;
if ((1i1>0) && (il<nl)) {
m = ncl * k2 + kl; sO = yyO[m];
if (kl== 0) {if(mp_1>=0) slm
else slm = yyO[m-1];
if (kl==nclm) {if(mp_r>=0) slp = rr r[k2]; else slp =0.0;}
else slp = yyO[m+1];
if (k2== 0) {if (mp_b>=0) s2m = rr b[kl]; else s2m =0.0;}
else s2m = yyO[m-ncl];
if (k2==nc2m) {if (mp_t>=0) s2p = rr t[kl]; else s2p =0.0;}
else s2p = yyO[m+ncl];
sl = g21 * (slm + slp); s2 = gl2 * (s2m + s2p); s3 = ff[m];
yyl[m] = sl + s2 + s3 - s0; // residual
s0 = dabs(yyl[m]); rka = dmax(rka,sO);

rr_1[k2]; else slm =0.0;}



if (np>1) {
s0 = rka; MPI Allreduce(&sO,&rka,1l,MPI DOUBLE,MPI MAX,MPI COMM WORLD) ;
}
if ((1lp>0) && (mp==0)) fprintf(stderr,"it=%d tau=%le rka=%le\n",it, tau,rka);
if (1p>1) {
fprintf (Fo,"it=%d tau=%le rka=%le\n",it, tau,rka);
for (k2=0; k2<nc2; k2++) {
i2 = i21 + k2;
for (k1=0; kl<ncl; kl++) {
il = i11 + k1; m = ncl * k2 + kl1;
fprintf (Fo,"il=%8d i2=%8d y0=%le\n",il,i2,yy0[m]) ;
}
}
}

if ((rka<=eps) || (it>=itm)) {
for (m=0; m<ncl2; m++) yyl[m] = yyO[m];
break;

}
it =it + 1;
for (k2=0; k2<nc2; k2++) {
i2 = 121 + k2;
if ((i2>0) && (i2<n2)) {
for (k1=0; kl<ncl; kl++) {
il = i1l + k1;
if ((i1>0) && (il<nl)) {
m = ncl * k2 + kl; yyl[m] = yyO[m] + tau * yyl[m];
}
}
}
}
} while (it<=itm);
dka = 0.0;
for (k2=0; k2<nc2; k2++) {
i2 = i21 + k2;
for (k1=0; kl<ncl; kl++) {
il = i11 + k1; m = ncl * k2 + k1;
s0 = u(xx1[kl],xx2[k2]); sl = dabs(yyl[m]-s0); dka = dmax(dka,sl);
if (1p>0) fprintf(Fo,"il=%8d i2=%8d y=%le u=%le d=%le\n",il,i2,yyl[m],s0,sl);
}
}
if (np>1) {
s0 = dka; MPI_Allreduce(&s0, &dka,1,MPI_DOUBLE,MPI_MAX,MPI_COMM WORLD) ;
}
tl = MPI Wtime() - tl1;
fprintf (Fo,"it=%d rka=%le dka=%le time=%le\n",it,rka,dka,tl);
if (mp==0)
fprintf (stderr, "np=%d (%dx%d) nl=%8d n2=%8d it=%d rka=%le dka=%le time=%le\n",
np,npl,np2,nl,n2,it,rka,dka,tl);
sprintf (sname, "%s_%02d.dat" ,vname,np) ;
OutFun2DP (sname,np,mp,ncl,nc2,xxl,xx2,yyl) ;
MPI Finalize()
return O;

}

TpaHCasaLNs .

>mpicc -o exl6a.px -02 exl6a.c mycom.c mynet.c myio.c myrand.c -1lm

PesynbTaTH pPacdeToB:

>mpirun -np <1-24> -nolocal -machinefile hosts exl6a.px a <2-1024> <2-1024> (B knacce)

>mpirun -np <1-24> exl6a.px a <2-1024> <2-1024> (Ha cepsepe)
np= 1 (1x1) nl= 2 n2= 2 it= 0 rka=0.000000e+00 dka=2.337006e-01 time=5.000000e-06
np= 1 (1x1) nl= 4 n2= 4 it= 4 rka=6.664829%9e-03 dka=3.027414e-02 time=1.300000e-05
np= 1 (1x1) nl= 8 n2= 8 it= 8 rka=5.405428e-04 dka=5.849598e-03 time=5.000000e-05
np= 1 (1x1) nl= 16 n2= 16 it= 16 rka=3.580093e-05 dka=1.355761e-03 time=2.450000e-04
np= 1 (1x1) nl= 32 n2= 32 it= 32 rka=2.269387e-06 dka=3.322884e-04 time=1.463000e-03
np= 1 (1x1) nl= 64 n2= 64 it= 64 rka=1.423352e-07 dka=8.265655e-05 time=1.002400e-02
np= 1 (1x1) nl= 128 n2= 128 it= 128 rka=8.903733e-09 dka=2.063817e-05 time=7.370100e-02
np= 1 (1x1) nl= 256 n2= 256 it= 256 rka=5.570938e-10 dka=5.157920e-06 time=4.412720e-01
np= 1 (1x1) nl= 512 n2= 512 it= 512 rka=3.8441l1l4e-11 dka=1.289379e-06 time=4.359555e+00
np= 1 (1x1) nl= 1024 n2= 1024 it=1024 rka=2.391924e-11 dka=3.223407e-07 time=3.397578e+01
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