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Hierarchical Individual Timestep Algorithm
for Large Scale Graph-drawing

TATSUSHI MATSUBAYASHI' and TAKESHI YAMADA'

In this paper, we propose a fast and efficient method for drawing very large-scale graph
data. The conventional force-directed method proposed by Fruchterman and Rheingold (FR
method) is well-known. It defines repulsive forces between every pair of nodes and attractive
forces between connected nodes on a edge and calculates corresponding potential energy. An
optimal layout is obtained by iteratively updating node positions to minimize the potential
energy. Here, the positions of the nodes are updated every global timestep at the same time.
In the proposed method, each node has its own individual time and timestep, and nodes are
updated at different frequencies depending on the local situation. The proposed method is in-
spired by the hierarchical individual timestep method used for the high accuracy calculations
for dense particle fields such as star clusters in astrophysical dynamics. Experiments show
that the proposed method outperforms the original FR method in both speed and accuracy.
We implement the proposed method on the MDGRAPE-3 PCI-X special purpose parallel
computer and realize a speed enhancement of several hundred times.
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Table 1 Schematic of FR method.
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Fig.2 Time evolution scheme for the hierarchical
individual timestep method.
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Fig.9 Graph-rayout results of our method.
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Fig.11 Left and right are the layout results of model D with the LGL method
and poposed method, respectively.
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Fig.12 Layout results of model D with the LGL method

and the proposed method, left and right, re-
spectively. Top, Middle, and Bottom indicate
“Asia Pacific”, “North America”, “Europe/Middle
East/Central Asia/Africa”, respectively.
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Table 5 Average and dispersion of the edge length.

method Lyox (zij) /Lvox 0/ {xij)
LGL 188.64 0.0103 1.551
FR-HI 340.48 0.0120 0.575
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