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Optimal Broadcast Scheduling on Tree-structured Networks

Y UICHIRO HOURAL it AKIRA NISHIDA"™i* and YOSHIO OYANAGIt

The communication time of a group communication on a specific network depends on the
scheduling of communications. Schedules should be suited to network structures. Conven-
tional researches have assumed symmetric and uniform networks, and have neglected some
practical network properties. However, heterogeneity of networks exists almost everywhere,
and recent growth of grid computing increases the importance of this challenging task. In
this research, we focus our attention on broadcast scheduling on networks of tree topology by
one-to-one communications. Since trees have no multiple paths between any two nodes and
multiple communication pairs can share a communication line, the broadcast time is sensitive
on schedules. First, we propose a network and communication model and show the computa-
tional complexity of broadcast scheduling. Then, we propose an efficient algorithm to solve
this hard problem by the depth-first branch-and-bound algorithm with the use of a fast tree
isomorphism determination algorithm. Our experiments show the efficiency and effectiveness
of our algorithm. We also show that the communication times of the optimized broadcast are
greatly superior to built-in MPI_Bcast in some cases.
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Fig.1 Two-node dual processor cluster.
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Fig.2 Difference in communication load.
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Table 1 Calculation times for the models, Fig. 11.
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Nodes SCut off | SCut on | SCut off | SCut on
RCut off | RCut off | RCut on | RCut on
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Fig.12 Models for dual-CPU clusters.
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Table 2 Calculation times for the models, Fig. 12.
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RCut off | RCut off | RCut on | RCut on
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Table 3 Calculation times for the models, Fig. 13.

oDooooo oooo (0)
Nodes SCut off | SCut on | SCut off | SCut on
RCut off | RCut off | RCut on | RCut on
2X2x%x2 0.1002 0.1474 0.0152 0.0196
2 X 3x2 [199.6090 | 136.8981 1.0716 0.7729
2XxX4x2 >1 hour | >1 hour 8.4765 4.0481
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Table 4 Calculation times for the models, Fig. 14.
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Nodes SCut off | SCut on | SCut off | SCut on
RCut off | RCut off | RCut on | RCut on
2x2x(1+1) 0.1463 0.1818 0.0229 0.0267
2x3x(141)| 79.3955| 16.0693 0.9041 0.2406
2x4x(1+1)| >1hour| >1 hour 5546.7 | 146.1595
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Table 5 Broadcast times (1) (in msec).
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Table 6 Broadcast times (2) (in msec).
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