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processing of numerical
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Abstract

This paper describes a static load-balancing scheme for parallel numerical
simulations on distributed computing environment, which usually has a variety
of processing elements (PEs). Our scheme allocates the most adequate combi-
nation of PEs to minimize execution time by using combinatorial optimization
technique, avoiding excessive use of remote processors which results in aggrava-
tion of execution time. This problem is solved by the following two steps: (1)
PEs are distributed among computing blocks, (2) then each computing block
is split for each PE to minimize processing time of the whole simulation, con-
sidering both of computation and communication. As this problem is a kind of
combinatorial optimization which is very hard to solve, this paper also shows

some algorithms which gives good approximation in reasonable time.
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T = max T; (t=0,1,...,n—1) (1)
Ty = Ta + Te: (2)
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Ta; = Cta;Sa; + Dta; (3)
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void Typel(int P[], int H, int W){
AH:00000000000 */
/AW.00000000000 */
if(| P | == 1) return;

PED ([n/2)) 00 (n—|n/2))00 2000000 PaD PbOODO;
1/Ctaa : PaO 1/Cta0 00

1/Ctab : Pb 0O 1/Cta0 00

Ctaa = 1 / (1 + Ctaa / Ctab);

if(H < W){
Wa = floor (W / Ctaa);
Wb = W - Wa,;
Ha = Hb = H;

}
else{

Ha = floor (H / Ctaa);
Hb = H - Ha;
Wa = Wb = W,

}

Typel(Pa, Ha, Wa);
Typel(Pb, Hb, Wb);

return;
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void Type3(int P[], int H, int W){
AH:00000000000 */
/AW.00000000000 */
if(| P | == 1) return;

PEO 1/Cta0000000;
PSa = PSb = 0.0;
for(i=0; 1 < | P |; i+4+){
if(PSa <= PSh){
PSaO P[]0 1/Cta00 O
0000 Pal PHlOOD;
}
else{
PSbO P[]0 1/Cta0 00
O000 PbO PR OOO;

1

}
1/Ctaa : PaO 1/Cta0 00

1/Ctab : Pb 0O 1/Cta0 00
Ctaa = 1 / (1 + Ctaa / Ctab);

if(H < W){
Wa = floor (W / Ctaa);
Wb = W - Wa,;
Ha = Hb = H;

}

else{
Ha = floor (H / Ctaa);
Hb = H - Ha;
Wa = Wb = W,

}

Type3(Pa, Ha, Wa);
Type3(Pb, Hb, Wb);

return;
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void Approx1(){
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for(i=0,j=0; j < n; j++) {
/* B0 PE;0000DO */
RBZ'IRBZ'—RPE]';
0000 rRO PE;OOO;
/00000 PEOOOOOOOO */
/4 B0000000000 */

if (m—i==n-j)]|/(RB; <0))
/f0000000 */
i+ +;

1

return;
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void Approx2(){
intnb=m; /4*PED 10000000000O00OOOOOOO */ RB,RPEOOOOODO
ooo:
for(i=0,j=0; j < n; j++) {
/* B0 PE;0000DDO */
RBZ'IRBZ'—RPE]';
oooo RO PE,O00OO;
nbO0O0O;
APEODOOOOD nbOOO */
if(n—j—1)!=nb){
/4000000000 */
RBOOOODOOOO B,OODO;
1= k;
}
else {
nb0 00000000 DO0ODO 1000 PEODOODOO;
break;
}
}

return;
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void Approx3(){
/¥ Approx20000000 PEODODOOOO */
Approx2();
T[] : Approx20000000000 B,OOOOO (ODOO)
P Approx20 00000000000 PEOO
P3, 00000000000 P

for(i=0; 1 < m; i++){
for(P,000DO0)
33pooooToOonoO;
if(T0 < T[i]){
oooooooooooooTroono;
if(TT < T
/4000000 */
Tl = T;
pP3;00000000O;

}
}
}
}

return;
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void Approx4(){
double T[m]; /A 0000 OOOOO */
int junm]; /4000 T,0000000000%/
int mez_k=4; /0000000 */
intk=0; /00000 */
intnum=0; /000000000000 */
gooooboooooooono;
for(i=0; 1 < m; i++){
junli] = i
TTi] = oo
templi] = 0;
}
do{
0O (num—l—l)DDDDDDDDDDDDDD blkO OO,
0000 PuOOODOOOOO PEODOO;
33poooodJoO0On;
TO<THKOODODDODODODODOODODODO TTOOO;
if(TT < T[blk]){
/Y 000000000000000000 */
T[blk] =T;
k=0;
Py 0 tempy 00 O
Toooooooooooo;
}
else{
if(k >maz k || 000 PEO == 0){
/* By U0 PEOOOOOOOOOO */
PblkD tempblkEIEIEIEIEIEI;
num —+ +;
}
else{
k++;
}
}

twhile(num < m);

return;
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