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Abstract

The growing complexity of software projects requires increasing consideration of their analysis and testing.
Identifying defective software entities is essential for software quality assurance and it also improves activities
related to software testing. In this study, we developed a novel supervised classification method called HyGRAR
for software defect prediction. HyGRAR is a non-linear hybrid model that combines gradual relational association
rule mining and artificial neural networks to discriminate between defective and non-defective software entities.
Experiments performed based on 10 open-source data sets demonstrated the excellent performance of the HYGRAR
classifier. HyGRAR performed better than most of the previously proposed approaches for software defect prediction
in performance evaluations using the same data sets.
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1. Introduction

Data mining [23] techniques are now employed
widely to extract meaningful knowledge from large vol-
umes of data in different domains. Data mining ap-
plications include various real world scenarios such as
assessing cybersecurity awareness [21], detecting com-
munities in social networks based on user frequency
pattern mining [31], and software process improvement
to produce high-quality software [22]. Data mining-
based solutions for predicting software defects have also
been investigated [29] [17] [12].

Software defect prediction involves identifying defec-
tive software modules in new versions of a software sys-
tem, which makes the testing process more efficient by
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focusing on testing and analyzing the modules identi-
fied as defective [10]. Identifying software defects is
also useful for guiding code review, which is often em-
ployed as a quality assurance activity in agile method-
ologies for software development.

Despite its importance and extensive applicability,
the detection of defective software modules is a com-
plex task, particularly in complex and large-scale soft-
ware systems. In particular, cross-project prediction is
one of the main challenges in the field of defect pre-
diction. The cross-project prediction strategy involves
training the prediction model based on past data from
different software projects and then using it to predict
the defective software entities in a new project [34].
From the perspective of supervised learning, software
defect prediction remains a difficult problem, mainly
because the data used for training are highly imbal-
anced, where there is a very small number of defective
instances compared with the number of non-defective
instances. Numerous approaches have been proposed
for software defect prediction and detection, but there
is still a need to develop accurate and robust defect de-
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