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the Basis of Information Flow

ToMoyvA Suzukif?

To analyze a structure of natural or social networks, the small-world network
structure is often discussed. In the small-world network, each node can be more
highly clustered than the random network, and can access other nodes through
fewer edges than the regular network. It is well known that the small-world
network can effectively communicate and share information, and is defined by
two measures: the cluster coefficient and the shortest path length. The shortest
path length can be calculated by Dijkstra’s algorithm, which can be applied to
directed and/or weighted graphs. However, the cluster coefficient cannot be
applied to directed networks. In this report, we propose a method to estimate
the cluster coefficient for directed and weighted networks on the basis of how to
propagate information sent by parent nodes. Then, we confirm the validity of
the proposed method with the numerical network models which we proposed by

extending the Watts-Strogatz model to directed and weighted type. Moreover,
we apply the proposed method to real directed networks discussed by previ-
ous studies, and can confirm the small-world phenomena of real networks more
clearly from the viewpoint of directed and weighted networks.
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Fig.1 Diagrams of the proposed method in the case of transmitting information among nodes.
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Fig.2 Extended WS model by making two-way networks according to two parameters p and q. The

parameter p means the probability of randomly rewiring networks, and the parameter ¢ means
the probability of removing either incoming or outgoing connection.
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Fig.3 Estimated cluster coefficients and shortest path length of the extended WS models. Each
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Fig.5 The same as Fig. 4, but comparisons between method 3 and method 1, and between method
4 and method 1. The L3 is equivalent to L4.
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Fig.6 Asymmetric shortest path length between two nodes.
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Fig.7 The same as Fig. 5, but the case of asymmetric network models.
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Table 1 Results of real networks: C.elegans and Political blogs, whose numbers of nodes are 297
and 1,224, respectively.
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Fig.8 Diagrams of the proposed method in the case of propagating information among nodes.
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