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Minimization of Communication Cost using Repeated Task
Partition for Hypercube Multiprocessors
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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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{Table 2> Results for random task graphs on 10-cubes
(N = 1024). (All datas are downscaled to 1/1000)

Graph [Ran-| random greedy recursive MRB
tye | € | Avg. | Std. |Avg.| Std | Avg [ Std [Avg | Std
] 7% 150 7% 167] 74| 14l 7%7 152
sparse| 5 7] 0.22) 238| 50| 218! 518]2192] 48
10 [ 471914211 4701] 15.34] 4 1317[ 4381} 1314
1 [ 1310] 215( 1299 222 12%67] 2.38| 12 2.3
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11| 1867 167] 18021 L71] 1675| 163! 1637] L
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(Table 1) Results for random task graphs on 3-cubes (N = 8)

Graph Range random greedy recursive MRB Opt.
type Avg. Std. Avg. Std. Avg. Std. Avg. Std. Avg. Std.

1 13.36 469 1030 402 9.12 348 882 3.34 8.66 3.26
5 4344| 1594 33.06| 1406 2940| 1209} 2006| 11.71| 2830| 1149

sparse 10 8239 3055| 56.82| 2578| 5186 2293| 51.28| 2306| 49.76; 2229
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1 33.28 488 3L12 531| 2876 454 2840 443| 2822 455

dense 5 101.14| 1858 83.12| 1478| 8224 13707 81.30| 1339 79.82| 1291
10 17833| 3290| 163.08| 32.03| 15386 29.84 151.72| 29.02( 149.70( 2961
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