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Human movement and money flow can be regarded as network transport with

flux based on gravity law. Despite the significance of the research on the stability of
the nonlinear transport, it has short history because of the difficulty of nonlinearity
and various network topologies. Gravity interaction model has been proposed by
data analysis, and it can be considered as a basic model of the gravity law transport
on networks. In this thesis, we studied this model and found the followings.

First, we studied the bifurcation point on regular networks such as the regular ring
lattices which connects neighbors of ring network, and the Bethe lattices. We
found that the regular ring lattices have a bifurcation point in between that of ring
network (0.5) and fully connected graph (1.0). The bifurcation point of the Bethe
lattice is found to be equal to 0.5.

Second, we studied the bifurcation on all 13 three-body network motifs. As a
result, three-node ring is identified as minimal structure causes hysteresis.

Third, we studied the model as a dissipative system and found limit cycle and
chaos. The degree of freedom of the minimal network exhibiting limit cycle is four,
and only seven node ring exhibits chaos.

Finally, we studied the gravity interaction model on the Japanese business
network, which comprises about a million nodes and five million links. We found
bifurcation and hysteresis on this network, and the bifurcation point is identified as
0.8 in the case of sufficiently small dissipation. It is suggested that the bifurcation
point, and hysteresis are related to structural features such as number of loops.

To summarize, we studied bifurcation point, hysteresis, and chaos of the gravity
interaction model. The bifurcation and hysteresis in the Japanese business network
are found, and its relation to the network structure is suggested. We hope these

findings serve as a foundation for the study of the nonlinear network transport.
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