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Static Load Balancing for Parallel Numerical Simulation
by Combinatorial Optimization

SHUICHI ICHIKAWA, TAKAMITSU KAwWAItt and TOSHIO SHIMADA't

A static load balancing scheme is discussed for parallel numerical simulation language NSL.
NSL partitions computational domain into multiple blocks, and allocates processors optimally
for each block in accordance with computation and communication cost. This allocation prob-
lem is formulated as a combinatorial optimization problem, and solved by branch-and-bound
method. Though large problems cannot be solved by this method because of combinato-
rial explosion, an effective approximation algorithm is presented and evaluated by numerical
simulation. The error of this approximation algorithm is less than 15% under reasonable
condition. The execution time for this optimization is also measured in numerical simulation
to induce the estimation equation. The allocation method presented here is widely applicable

by adapting evaluation function for each purpose.
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double
search_alloc{bp, m, n, best, neck)
block *bp;  /* TRy DRG] +/
unsigned m, n; /*m= 77Uy, n= TR */
double best; /* BEFTURRELAREDYER +/
double neck; /* BEEHOHSLEHOBOTHE */
{
long int 1i;
double Ti, cur_neck;

foreach (TH <= i <= ER) {
Ti = DivRect(bp, i);
if (Ti < best) {
/* neckZ ®H */
if (Ti > neck) cur_neck = Ti;
else cur_neck = neck;
/* LI PYHE */
if (m > 1) {
/* RIS EMERRT S +/
score = search_alloc(&bpll],
m-1, n-i, best, cur_neck);
} else {
/* FTUERPEH SN *+/
/* ERTROEHF «/
score_revised(cur_neck) ;
score = cur_neck;
}
if (score < best) {
/* return max(Ti) */
if (score > Ti) best = score;
else best = Ti;
/* DT 7 Hneckilr o TWikwnizs
CREERFELZW */
if (Ti <= neck) return best;
}
}
}

return best;

4 HTHRETVITYAL
Fig.4 Search algorithm.
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Ty IR T Oy 7 OBFEECHEIL TR TR
FEv, BELTERICANE SREBICE S L IR
LRWA, g ERD 2 ) 2 TCH—ILOERICR S,
ZITERRMXTRUTORGLH2T n DI T,
EBRNITELDEBRAT ny DFELEET 5.

m—1
ni < 11 = l(n—m)HiWi/ ZHiWiJ +1

=0
(37)
ZhIE, 7Ry AT ATy in; IS
Ca— AT 4y 71245 LR 7 % & TR
BEOEREEZHIRT A2 L ICHST S, ny OFLE
13 DivRect & n; EIFCHEIIRFE 50T, A5FT
b DivRect & O(n) BIF-UCHEIETRTOTOY >
IZDWTHBEDI KT 5. HF T DivRect % O(n™)
B O L HART, BRTEX2ERMTHS. B
FEMEZHBEL TS -0 EORERIKE 251
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WAL, SHMERIE T uy 2 EERELTHE LS
HBMEORWETEBIRKE 2 LI n s,
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ESBEFERERITH I, BEEE 0 OBRERETE
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DEIBRBECHEELTOIEDLEVY, JEFICL-T
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SRED n AN EL BB O THERZMAVNE LS.
— R TFERE Oy Y RICIEVEBE R
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FEMOERTR->TW5.
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575, REOMETCIENTIELZ m @oT0y 7%
/., #2TYIal—varTiR, Juvy %4
XbHo m D (H;,W;) 2EBTERTSH. 20
LEDEBRDTOLBYTH S,

10 < H;,W; <b (38)
H;,W; =0 (mod 10) (39)
H;, Wi % 10 DAEEUCER o - DA 2 HIR T 7%
V. 70y 7 OGEBIZABPRET HDT, #E “4)

DORV HEfIZexZERLA. K39
H; W; "FL TR EHPHEEE NS DT, DivRect
OFEATHMIERSIND 2 L D XN, Bk
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Table 1 Simulation parameters.
e 18 || %H0 i
Cts 0.5 Ctc 2.0
Dts 0.1 Dte 10.0

Ctb | 1.0 a 5.0
Dtb | 0.1 8 | 100
Cta | 1.0 5 2
Dta | 0.1

HOBIT - 5 KETH S 720, & (m,n,b) ORE
FIZDWT 100 A OFATOFEL L o TEHE 24T .
FEBEF VI 38 HI TR ZEF VO EEF N
12FAL, 2v P 7 —20@EVIZ L BHEL RN,
BETFTNVONTA—FER1OLEBYITHS., b
DINT A —F IIEREEIFTH BH, FFETREED
ERICIOT R LB AEERELL. EEIC
KL ETVRER/INT A— ¥ DR, BXOE
BTOFBI OV TS BROBELRRETH 2.

UTFOFMETIE, Naive IZEHEFIEL L 98E1 %
WA LB E O E, Approx ZEHEFINH?2 &
SENE 2 ZRALEAIC 42 HiTRLEEMT V
TY XLPE 2 LM E, Best XETEFIH?2 &5
Fg: 2 1 LAY RENHEZ BN TR ORI &
BROFMEZRT. AFEOBMIEIERM T 28
WTHIELTHEY, T OWNHRHEIIEELTF—¥
IAKFF % DT, AAFFETIL Naive R Approx (2 & %
T % Best ® T CIEHIL L CEHHi¥ 5.

5.2 JOtyvHH

3.3 8T, FiNaive TiI/ Oty ¥ n 5K &L
LZALBEENEML T IERKTLETFHELE. £
DOFEELBFEL720O0E 5 L6 THhbH, ZZTik
m=8, b=200 & LTHE%RITo7. Ay +T—72
PHBEMTH->TH, Naive TIHEERIHMT 572
DT HFERTS (K5). E5ICRy T —2DEE
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LT N T X2 Approx ORI E n AT
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&b ERTIIL, Approx IXBN/EP#HEZE 25 L
W2A. n=16 T 8ADB/RELEL /5, Thid
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ERVEFBETAEFERTEL VLS TH S,
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Fig.5 The number of processors n vs. calculation time T'
(model 0).
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Fig.6 The number of processors n vs. calculation time T
(model 1).
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Fig.7 The number of blocks m vs. calculation time T
(model 0).
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Fig.8 The number of blocks m vs. calculation time T
(model 1).
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Fig.9 Block size b vs. calculation time T (model 0).
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Fig. 10 Block size b vs. calculation time T (model 1).

1.E+05
1.E+04
1.E+03 -
1.E+02
1.E+01

1.E+00 L : g
0 4 8 12 16
m
11 7uvs¥m LREEE (€70 0)
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(model 0).
THETE 5.
log,o Tez = (0.084 m + 1.18) log,, n — 5.26
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