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Building a Software Reliability Prediction
Model Using Product Metrics and Developer

Metrics *

Shinsuke Matsumoto

Abstract

To meet today’s growing demands for high quality, large scale but short life-
cycle software, effective software testing is the fundamental requirement in soft-
ware development. Omne of the promising strategies for effective testing is to
optimally allocate testing resources to software modules likely to contain faults.
So far, various studies have been conducted on fault-proneness models that clas-
sify software modules into either fault-prone or non-fault-prone based on module
metrics.

The goal of this dissertation is to improve the prediction performance of fault-
proneness models by resolving two problems related to a fit dataset used for model
construction. The first problem is the existence of outliers that cause performance
degradation of the model, and the second problem is the lack of human factors
in independent variables in prediction models. Achievements of this dissertation
are as follows.

(1) Applying outlier detection methods: In general, all modules developed in
a past project are used as a fit dataset for constructing a fault-proneness model.
However, the fit dataset usually includes outlier modules, which can decrease the

prediction performance of the model. Therefore, outliers should be detected and

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861018, February 4, 2010.
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removed from the fit dataset before the model construction. This dissertation
experimentally evaluated the existing three outlier methods as well as one new
outlier method proposed in this study by applying them to three fault-proneness
detection models. The result showed that three out of the four outlier detection
methods (excluding LOFM) improved F1-values of all fault-proneness models for
all datasets. The average improvements of F1-value by MOA, RBM and CC-MOA
were 0.139, 0.137 and 0.123 respectively.

(2) Employing developer metrics in fault-proneness models: Software product
metrics have been widely used as independent variables for the model construc-
tion. However, fault introduction is likely to be affected not only by software
product features but also by software developers who created the software. From
this perspective, the prediction model should include human factor metrics as
well as conventional software product metrics. This dissertation proposes devel-
oper metrics such as the number of code churns made by each developer, the
number of commits made by each developer and the number of developers for
each module. By using the eclipse project dataset, we experimentally analyzed
the relationship between the number of faults and developer metrics. Second, the
effective of developer metrics for performance improvements of fault-proneness
models were evaluated. The result revealed the wide variations (more than five
times) in fault introduction rate of developers, and the modules touched by more
developer contained more faults. Compared with conventional fault-proneness
models, developer metrics improved the prediction performance and the average

improvement of Fl-value was 0.093.
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fault-proneness detection, outlier detection, developer metrics
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