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Abstract

Statistical properties of un-weighted software networks have been extensively studied. However, software networks in their na-
ture should be weighted. Understanding the properties enclosed in the weighted software networks can lead to better software
engineering practices. In this paper, we construct a set of weighted software networks from real-world Java software systems and
empirically investigate their topological properties by using weighted k-core decomposition. First, we investigate the static topo-
logical properties of the weighted k-core structure, and find that small value of the graph coreness is a property shared by many
software systems, the distribution of weighted coreness follows a power law with an exponential cutoff, and weighted coreness and
node degree are closely correlated with their spearman correlation coefficients larger than 0.94. Second, we analyze the evolving
topological properties of the weighted k-core structure, including the graph coreness, size of the main core, and new members and
vanishing members of the main core. Empirical results show that the graph coreness will keep relatively stable unless the system
undergoes major changes, size of the main core keeps stable in its evolution, and new members or vanishing members of a main
core are from or go to the shells very near the corresponding main cores. Finally, we apply the weighted k-core decomposition
method to identify the key classes, and find that, compared with other nine approaches, our approach performs best in the whole set
of subject systems according to the average ranking of the Friedman test. It can identify a majority of classes deemed important.
This work could help developers to improve software understanding, propose new metrics for software measurement and evaluate
the quality of the system in development.
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1. Introduction

Over the past few years, the study of complex networks has
gained overwhelming popularity [1, 2, 3, 4]. It provides a uni-
fied perspective for studying various complex systems simply
by modeling them as a network. Software systems, no mat-
ter object-orientation (OO) and structured programming, can
be mapped to a network (or graph), also known as software net-
work, where network nodes represent the software entities such
as methods/attributes, classes/interfaces, or packages, and net-
work edges (or links), couplings between them [5]. With the
software becoming ever larger and complex, the idea of apply-
ing complex network theory to model large software and further
to interpret their global statistical properties is viable [5, 6].
Great efforts have been made to understand the topological
structure of software and many shared physics-like laws of soft-
ware systems have been revealed such as scale-free [5, 7, 8, 9],
small-world [5, 9, 10], and fractal properties [6].

k-core structure [11, 12, 13] is another interesting structural
property that are not captured by scale-free, small-world, or
other simple topological properties. An in-depth investigation
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of the k-core structures of software networks is very impor-
tant for deeply understanding the inner characteristics of soft-
ware systems [12, 13, 14]. Several related studies have been
performed [12, 13, 14, 15]. However, one major limitation of
these methods is that the software networks they used are un-
weighted, which does not conform to the reality of a piece of
software [9, 16]. Another limitation of the existing methods is
that the software systems they analyzed are mainly written in
C++ language. Little attention has been paid to the analysis of
k-core structure of weighted software networks extracted from
Java software systems.

The objective of this paper is to explore the characteristics of
k-core structure in weighted software networks extracted from
Java software systems. First, we formally represent the topolog-
ical structure of Java software at the class level of granularity
using a weighted software network, which takes into consid-
eration the coupling frequencies between classes as weights.
Second, we introduce the k-core decomposition method for
weighted complex networks proposed in [17] (hereinafter re-
ferred to as Wk−core) and use it to calculate the k-core structure
of the weighted software network. Wk−core will partition the
weighted software network into a layered structure which will
be further measured by amount of relevant properties by statis-
tical parameters. Our approach could potentially uncover some
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