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Abstract

Current software quality estimation models often in-
volve using supervised learning methods to train a soft-
ware quality classifier or a software fault prediction
model. In such models, the dependent variable is a
software quality measurement indicating the quality of
a software module by either a risk-based class member-
ship (e.g., whether it is fault-prone or not fault-prone)
or the number of faults. In reality, such a measure-
ment may be inaccurate, or even unavailable. In such
situations, this paper advocates the use of unsupervised
learning (i.e., clustering) techniques to build a software
quality estimation system, with the help of a software
engineering human expert. The system first clusters
hundreds of software modules into a small number of
coherent groups and presents the representative of each
group to a software quality expert, who labels each clus-
ter as either fault-prone or not fault-prone based on his
domain knowledge as well as some data statistics (with-
out any knowledge of the dependent variable, i.e., the
software quality measurement). Our preliminary em-
pirical results show promising potentials of this method-
ology in both predicting software quality and detecting
potential noise in a software measurement and quality
dataset.

1 Introduction

Estimating the quality of a software product during
its development or pre-operation phases is a challeng-
ing problem, especially when there is very limited or
no information regarding its existing quality is avail-
able. In software quality estimation problems, a soft-
ware quality classification [10, 15] or software fault pre-
diction model [9] is typically trained or built using soft-
ware measurements and fault data from a previous sys-
tem release or similar software project developed by the
given organization. These models are supervised learn-

ing in the sense that the training process is guided by
the software quality measurement (i.e., the dependent
variable or the fault-proneness label1). The trained
model is then used to predict the quality of the soft-
ware modules in a software project under considera-
tion. In this paper, we are particularly interested in
learning software quality estimation models using un-
supervised learning methods in the absence of software
quality measurements.

In a high-assurance software system, such as
telecommunications and medical systems, the assur-
ance of software quality and reliability is a critical
component of the software development process. The
management of such systems is often interested in
constantly tracking and estimating the quality of the
software. However, the software quality measurement
knowledge may not be available for training a software
quality estimation model. Such a software engineering
situation may occur when the organization is dealing
with a software project type for which it does not have
a similar experience in the past. In addition, the soft-
ware quality measurements in a previous system release
may not have been collected and recorded. Hence the
question is: how does the software quality assurance
team predict the software quality (of the project under
development) based on only the recorded software met-
rics? Under such situations, a supervised learning ap-
proach cannot be taken for software quality estimation
due to the absence of software quality measurements.
The estimation task then falls on the analyst who has
to decide the fault-proneness for each software module.

Unsupervised learning methods, such as clustering
techniques, are more appropriate for building the mod-
els in the absence of software quality data. Clustering
algorithms can group the software modules according

1To make this paper accessible to readers from different dis-
ciplines (e.g., software engineering and machine learning), we
interchangeably use dependent variable, software quality mea-
surement, fault-proneness label, and risk-based class to refer to
the same concept.


