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A Clustering Algorithm for Task Scheduling in Parallel
Computing Environments with Large Communication Delays

SATOSHI NOGUCHI,"? FUKUHITO OOSHITA®
and TOSHIMITSU MASUZAWA

For most of the parallel computing environment available today, the large communication
delay is a crucial factor of performance. Thus, we consider an efficient clustering algorithm
for task scheduling in a parallel computing environment with large communication delays.
We first establish a general result on a class of clustering algorithms with specific properties
called cross clustering. The class can theoretically be proved to be within a factor of 1.5 from
the optimal. Then we propose an algorithm for building cross clustering. This algorithm is

assessed by some simulations.
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Fig.1 Proof of Theorem 1.
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01 Convex-A JOOO Cross-AD000O0O0O0D
Table 1 Performance ratio of Cross-A to Convex-A.

Min/ 1.5 3.0 5.0 8.0 10.0 14.0
Min
302 0.899 0.904 0.890 0.874 0.867 0.859
752 0.898 0.895 0.889 0.866 0.863 0.834
1252 | 0.927 0.932 0.919 0.887 0.869 0.816
1752 | 0.895 0.891 0.876 0.851 0.825 0.824
Avg/ 1.5 3.0 5.0 8.0 10.0 14.0
Min
302 0.932 0.941 0.935 0.927 0.926 0.932
752 0.922 0.922 0.920 0.902 0.901 0.881
1252 | 0.944 0.951 0.941 0.906 0.889 0.835
1752 | 0.911 0.910 0.897 0.874 0.850 0.851

0 2 Convex-AO Cross-A 00000

Table 2 Execution time of Convex-A and Cross-A.

oooo Convex-A Cross-A
302 36.1 145.0
752 243.6 1261.2
1252 1261.2 2734.5
1752 2245.9 10495.8
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0 8 Convex-A 0 Cross-A 0000000000 OOCODOOOOOOOO
Table 3 Performance ratio of Cross-A to Convex-A in the case that Convex-A

and Cross-A are executed for a definite period of time.

1.5 3.0 5.0 8.0 10.0 14.0
1252 | 0.899 0.904 0.922 0.932 0.976  0.983

04 000000000 DAGUOOOO Convex-A O Cross-A 0000000000

Table 4 Performance ratio of Cross-A to Convex-A for Fast Fourier Transformation.

1.5 3.0 5.0 8.0 10.0 14.0
223 0.957 0912 0.978 0.950 0.865 0.888
511 0.966 0.886 0.898 0.827 0.918 0.839
1151 1.015 0.900 0.914 0.939 0.776  0.805
2559 | 0.974 0.883 0.916 0.848 0.970 0.845

05 00000000 DAGUOOODO Convex-A O Cross-A0D0O0OO0OOOOOO
Table 5 Performance ratio of Cross-A to Convex-A for Gaussian elimination.

1.5 3.0 5.0 8.0 10.0 14.0
299 0.846  0.883 0.926 0.952  0.939  1.257
495 0.856  0.868  0.957 0.912 0.967 0.976
989 0.859  0.897 0.905 0.919 0.933 0.975
1952 | 0.869 0.858 0.895 0.936 0.916  0.987
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Fig.9 Relationship between CP and performance ratio of Cross-A to CASS-II.
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Table 6 Performance ratio of Cross-A to CASS-II.

1.5
1.063
1.078
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1.061
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1.035
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Table 7 Execution time of CASS-II and Cross-A.
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Table 8 Performance ratio of Cross-A to CASS-II for Fast Fourier Transformation.

1.5 3.0 5.0 8.0 10.0 14.0
223 0.907  1.000 0.978 0.950 0.865 0.888
511 0.966 0.886 0.898 0.827 0.918 0.839
1151 1.015 0.900 0.914 0.939 0.776  0.805
2559 | 0.974 0.883 0.916 0.848 0.970 0.845

09 00000000 DAGOODOO CASS-II0O Cross-A0O0OO00OO0OOOOO
Table 9 Performance ratio of Cross-A to CASS-II for Gaussian elimination.

1.5 3.0 5.0 8.0 10.0 14.0

299 0.907 1.000 0.897 0.903 0.876  0.819

495 0.895 0.937 0.933 0.926 0.846  0.882

989 0.904 0911 0.852 0.913 0.887  0.957

1952 | 0.890 0.883 0.825 0.821 0.814  0.968
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