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Software development managers should conduct development management properly for achiev-
ing the quality required from the user. The major factors under the development planning are the
quality, cost, and delivery (QCD), and they are needed to be satisfied as much as possible. How-
ever, there are several problems for software development management. For example, when the
software development managers make a decision by using the existing development management
methods, the amount of information for the decision-making is not enough. That is, the existing
development management methods are not realistic and applicable because they are not reflected
the actual development environment enough. From these backgrounds, this doctoral thesis dis-
cusses the software development management methods based on software reliability growth
models (SRGMs). Especially, we discuss mathematical methodologies for software development
optimization. Concretely, we focus on the following problems: change-point, optimal software re-
lease and optimal testing-resource allocation problems.

This thesis is composed of the following chapters: Chapter 2 discusses change-point modeling
framework and the detection method. Chapter 3 discusses an analytical optimal software release
problem based on a change-point model. Chapters 4 and 5 discuss an optimal software release
problem and an optimal testing-resource allocation problem based on a multi-attribute utility
theory (MAUT).

In Chapter 2, a change-point modeling framework based on typical NHPP (nonhomogeneous
Poisson process) models and the detection method are discussed. The testing-time when the sto-
chastic characteristics of software failure-occurrence time-intervals change due to a change of
testing-environment is called change-point. It is known that the occurrence of change-point influ-
ences the accuracy of SRGM-based software reliability measurement/assessment. The existing
SRGMs are not introduced the concept although change-point is known as a problem in the actual
testing-environment. Furthermore, change-point is caused by software development manage-
ment or technical aspects of software development. In the former case, change-point is determined

sensuously by the software development managers. On the other hand, in the latter case, change-



point occurs as the natural phenomenon. Nevertheless, there is not the theoretical method for
detecting change-point. Therefore, we improve the accuracy of existing SRGMs by reflecting the
actual testing-environment as the aim of this chapter. We develop specific NHPP models with
change-point, and confirm that the proposed models have better performance than the existing
models. Also, we apply a Laplace trend test for developing our detection method. The Laplace
trend test is a method for observing the time when the trend of software reliability growth process
changes. Concretely, we confirm the effectiveness as a change-point detection method by compar-
ing the goodness-of-fit for the existing models and our models applied the estimated change-points.
Our change-point detection method enables us to evaluate whether the software development
managers could determine the change-point properly or not.

In Chapters 3 and 4, the optimal software release problem is discussed. It is an optimization
problem on estimating optimal shipping time of the software product. Normally, an SRGM is
applied for discussing the optimal software release problem. However, the actual testing-environ-
ment is not reflected to this problem because change-point is not considered so far. Therefore, we
discuss the optimal software release problem based on the change-point model. We can estimate
the optimal release time and the optimal testing-time duration from the change-point to the ter-
mination time of testing simultaneously by formulating the cost function based on a change-point
model. Furthermore, we discuss a method for estimating optimal release time considering the
multiple evaluation criteria simultaneously. Concretely, we apply a multi-attribute utility theory
for solving them. MAUT is the utility theory on decision-making with considering multiple con-
straints. Additionally, the decision-making for the development management is evaluated by
using the utility as an evaluation criterion. The optimal release time and optimal testing-time
duration from the change-point to the termination time of testing are derived as the optimal so-
lutions by solving the optimization problem.

In Chapter 5, we discuss an optimal testing-resource allocation problem based on MAUT. This
problem is an optimization problem for allocating the testing-resource in the module testing. We
need to develop a method for the optimal allocation with considering multiple constraints by using
MAUT. Additionally, the expected number of remaining faults is estimated by using the optimal
testing-resource expenditures.

Each chapter shows numerical examples by using actual data sets. The final chapter summa-

rizes the results obtained in this doctoral thesis, and remark the conclusion.



