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Minimization of Communication Cost using Repeated Task
Partition for Hypercube Multiprocessors

Joo-Man Kim' - Suk-Han Yoon' - Cheol-Hoon Lee'"

ABSTRACT

This paper deals with the problem of one-to-one mapping of 2” task modules of a parallel program to an
n-dimensional hypercube multicomputer so as to minimize to total communication cost during the execution of the task.
The problem of finding an optimal mapping has been proven to be NP-complete. We first propose a graph modification
technique which transfers the mapping problem in a hypercube multicomputer into the problem of finding a set of
maximum cutsets on a given task graph. Using the graph modification technique, we then propose a repeated mapping
scheme which efficiently finds a one-to-one mapping of task modules to a hypercube multicomputer by repeatedly
applying an existing bipartitioning algorithm on the modified graph. The repeated mapping scheme is shown to be
highly effective on a number of test task graphs, it increasingly outperforms the greedy and recursive mapping
algorithms as the number of processors increase. The proposed algorithm is shown to be very effective for regular
graphs, such as hypercube-isomorphic or ‘almost’ isomorphic graphs and meshes; it finds optimal mappings on almost
all the regular task graphs considered.
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2) for k = 1 to n do
2. fori=1toNdo /* 2= GEFE W8 18T G’ & BHT +/
for j =1 to N do
if Pllk-1]1 = Plilk-11 /* EEo] T subsetoll X =/
then Cyy Wijs /* oA FAE FAFIT «/
2.2) (A, Bx) MAXCUT(G): /* G oM maxcut€ ZEth +/
2.3) fori=1to 2" do /* 2 subsets& T} */
if m; €Ak then Plillk] =2x Plilk-11-1;
else Plillk] =2xPlillk-1];
2.4) fori=1toNdo /«+ k i BEE &Y /
if mi €Ak then XI[ilik} = 0;
else X[ilk] = 1;
end. /+ WP XE T FE +/

(33 5) ¥22|E MRB
(Fig. 5) The Aigorithm MRB
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(Table 2> Results for random task graphs on 10-cubes
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MRB
Std.

recursive
Avg. | Std. |Avg.

random
Avg. | Std.

Graph greedy

type

é% Sﬁjﬁ

28] 52

1 18] 1
sparse| 5 1
4719 4701

14 141) 737
22181 518/219%
4439| 1317) 4387

150

10 1310] 2351 1
normal| 5 || 3933| 6.69( 3024
il 6785

1261 1258
3 3742
2943 2830

1] 1867 182
dense | 5 | 5583 5

167 1637
4860 473

10179 96921 1920[ 8719 8594

O HoA HEe], o] FNEFE (F, ZEAA
9] £7} Z7184E) MRB 4259 A%l greedy

A recursive "9 &3 F vls Pl B 5

Ads viEE o5 Hojd wid AFHE RoF ke e ¢+ Utk
9\113}, AutH o 7 recursive dREEo] greedy ¥
F EY 295 4% 49 235 BYed, 1% 6.d B
Fo4 MRB 2u#Fe Aol RE Z9o tisA
7} 5319tk MRB 2ugEe 3-24d g23 1 B =82 HE Z2 oA EV\EL 2EE 3}
Hzol A HAsol T4 Wiy Ang BYch = HFE 7t AN RIS iBHEE W, & §
(E 1) 3-RE AolMel o) EfA3 T2f=o) st At (N=8)
(Table 1> Resuits for random task graphs on 3-cubes (N = 8)
Graph random greedy recursive MRB Opt.
type Hange Avg. | Std. | Avg. | Std. | Avg. | Std. | Avg. | Std | Avg. Std.‘{
g g g g g
1 13.36 4.69 10.30 4,02 9.12 3.48 8.82 334 8.66 ?ﬁ‘
) 5 43.44 1594 33.06 14067 2940 12.09| 29.06 11.71 28.30 11.49
sparse 10 82.39 30.55 56.82 25.78| 51.86| 22.93] 51.28] 23.06 49.76 22,&
1 25.08 5.23 22.22 571 2012 5.20 19.56 495 19.26 4.86
5 70.95 18.24 58.33 1652 5392 13.62] 53.12 13.34 51.90 13.14
normal ——
10 124.65 3548 106.06| 34.087 94.74 20.00| 9390| 2844 9164 28.45
1 33.28 4.88 3112 5.31 28.76 454 2840 443 28.22 455
dense 5 101.14 18.58 88.12 14.78| 8224 13.70| 8130 13.39 79.82 1291
10 178.33 3290| 163.08 32.03| 153.86] 29.84| 151.72| 29.02| 149.70 29.61
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