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Performance Improvements for Reliability

Prediction of Software Modules*

Yasutaka Kamei

Abstract

Prediction of reliability of software modules (fault-prone or not) and prefer-
ential allocation of test effort to modules identified as fault-prone is necessary
for improving software reliability with a limited testing resource. So far, various
multivariate models (fault-proneness models) that classify a module into either
fault-prone or not fault-prone based on module metrics have been proposed.

The goal of this dissertation is to improve the prediction performance of fault-
proneness models, by (1) applying sampling methods to a fit dataset to correct
the imbalance of the dataset and (2) combining rule-based prediction and model-
based prediction to compensate the restrictions in model descriptions. These
achievements would help software developers prepare a suitable fit dataset for
building the models and conduct software test more effectively. Achievements of
this dissertation are described below:

(1) Applying sampling methods to a fit dataset

In conventional fault-proneness models, the prediction accuracy of the minority
class (fault-prone modules) usually becomes worse, when a fit dataset is imbal-
anced, i.e. there exists a large difference between the number of fault-prone
modules and not-fault-prone modules. This dissertation applied sampling meth-

ods to a fit dataset and corrected the imbalance of the dataset by increasing or

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0761011, May 7, 2009.

il



decreasing the cases (modules) in the dataset. This dissertation evaluated the
effects of four sampling methods (ROS, SMOTE, RUS, ONESS) applied to four
fault-proneness models (linear discriminant analysis, logistic regression analysis,
neural network and classification tree). All four sampling methods improved the
prediction performance of the linear and logistic models, and the improvement
by ONESS was less than that of the other sampling methods. The improvements
of Fl-values in linear and logistic models were 0.125 at the mean when three
sampling methods (ROS, SMOTE and RUS) were applied to linear discriminant
analysis and logistic regression analysis.
(2) Combining rule-based prediction and model-based prediction

In conventional fault-proneness models, some types of modules are inherently
not correctly predicted because of the restrictions of model descriptions (formula).
This dissertation focused on rule-based prediction that could characterize vari-
ous types of faulty modules by a large set of rules, and proposed a fault-prone
module prediction method that combined association rule mining with a logistic
regression model. In the proposed method, if a module satisfies the premise (i.e.
the condition in the antecedent part) of one of the important rules (i.e. support,
confidence or lift of the rules is large), the module is classified by the rule as ei-
ther fault-prone or not. Otherwise, the module is classified by the logistic model.
If there exist two or more rules, then the module is classified by the majority
of rules’ conclusion. This dissertation experimentally evaluated the prediction
performance of the proposed method with different thresholds of each rule in-
terestingness measure, and compared it with three well-known fault-proneness
models (logistic regression model, linear discriminant model and classification
tree). The result showed that the lift was the most suitable measure to select
useful association rules in the proposed method compared to other measures. The
improvement of the Fl-value of the proposed method with the lift was 0.163 at

maximum compared to conventional models.
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