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In many applications from social to economic phenomena, their network representations often appear
to contain the directions of links. The direction of a link may represent the direction of messaging activity
(i.e., from senders to receivers) or the direction of money transaction (i.e., from lenders to borrowers).
The link direction encodes how entities flow on the network. Therefore, one should take into account
the link direction when investigating the modules (also called communities) in directed networks [1].
There are multiple methods of module detection specialized for directected networks. However, it is still
an open question which methods to be used when we are given a directed network. We point out two
roots of this problem. First, a majority of previous methods is based on a single objective function to
find modules, while there might be different types of module in a single network. Second, these methods
often divide a whole network into modules in an equal sense, while some parts of the network may be
not a module in fact.

To move a step forward from this situation, we will propose a method to extract modules in directed
networks in this presentation [2]. Our method extracts two types of modules from a directed network on
the basis of a unified framework. The core idea of our method is a pattarn matching of directed triangles
(i.e., connected subgraph composed of three nodes), similar to the motif analysis [3]. In addition, our
method can be regarded as a generalization of truss structure which was originally defined for undirected
networks [4]. We developed an efficient algorithm for the method that can process networks with millions
of nodes in a reasonable time on laptop computers. Results of the application of the proposed method
to real-world networks confirm that most of real networks actually contain the two types of modules we
proposed. We will demonstrate that the extracted modules capture meaningfull components in some
example networks with node labels and argue that the abundance of two types of modules may be used
for categorizing the networks obtained from different research fields.
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