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Mathematical Analysis of Economic Networks
Takaaki OHNISHI*! *2

Abstract— Firms build business relationships through economic activities. PageRank algorithm and
motif analysis are applied to Japanese inter-firm network which consists of about one million firms
and four million directed links. We show scale-free degree distribution and similarities between de-
gree and PageRank. By comparing with randomized networks, we find that PageRank correlates
significantly with the growth rate which is hardly observed with other quantities. We also find that V-
shaped triads are network motifs, while feedforward and feedback loop are anti-motifs. By defining
roles in the subgraph according to structural equivalence, we detect the significance profile of roles
characterizing the industry sector. The taxonomy of industries obtained from the profiles is econom-
ically meaningful. These empirical findings may serve to provide an easily interpretable view of the
entire inter-firm network and to improve the efficiency and safety of economic systems.

Keywords— complex network, scale-free network, PageRank, hub and authority, network motif
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Fig. 1: Cumulative probability distributions of indegree,
Da» and a (a), and outdegree, pj, and i (b). The distribu-
tions for randomized network are shown for comparison.
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Fig. 3: A directed network composed of three nodes and
three links
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Fig. 4: We randomly choose two pairs of links and ex-
change the destinations of the two links between them,
keeping the number of inlink, outlink, and mutual links of
each node unchanged.
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