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Software quality is a major concern in software development due to the rapidly growing demand of software system. Code smell
is often used as an indicator of a design flaw or problem in source code. Code fragments containing code smell (i.e., smelly
code) are handled by applying refactoring technique to improve the quality. Refactoring is a technique to restructure source
code without changing its external behavior to improve source code quality. It can be divided to reactive and proactive
refactoring based on timing and purpose of the operation. Reactive refactoring is the refactoring process that is applied
after the source code become smelly to remove the code smells whereas proactive refactoring is the refactoring process that
is applied before the source code become smelly to prevent code smell.

In issue—driven software development projects, development teams tend to adopt an issue tracking system to manage their
tasks such as bug fixing or feature implementation. In this situation, we can regard modules that developers are going to
modify to complete the issues as their context. Many studies have shown that developers are more likely to refactor source
code that are related to their context, e.g., to prepare source code for implementation. However, most of the tools that recommend
location for refactoring do not consider such a context. Therefore, developers have to perform the time—consuming process
of identifying relevant outputs.

In this dissertation, we propose an approach to support reactive and proactive refactoring recommendation by considering
developers’ context. This dissertation can be divided into three parts: (1) a study on factors that developers use to filter
and prioritize code smells; (2) an approach to support reactive refactoring; and (3) an approach to support proactive
refactoring.

(1) A study on factors that developers use to filter and prioritize code smells.

In order to improve the results of existing code smell detection tools, we conduct a study on how professional developers
filter and prioritize code smells. A study is conducted with ten professional developers under the condition that they complete
a list of tasks. The results show that developers are more likely to refactor code smells that are related to their context.
Therefore, the result of this part lays a foundation of this dissertation in a sense that developers’ context should be considered
when recommending modules for refactoring. The results from this study may also facilitate further research into code smell
detection, prioritization, and filtration to better focus on the actual needs of developers.

(2) An approach to support reactive refactoring.

In this dissertation, we propose a technique to prioritize code smells using developers’ context to improve the result
of existing code smell detection tools. We use impact analysis techniques to predict modules that developers are likely to
modify which can be regard as their context. Then, we prioritize code smells based on such information. In addition, we also
study the factors that affect the performance and the optimized parameters of the technique. The proposed technique is evaluated
using open source software projects and a controlled experiment with professional developers. The results show that our technique
can provide more relevant results that are aligned with how developers actually prioritize their code smells.

(3) An approach to support proactive refactoring.

In order to identify the target for proactive refactoring, we propose a concept of decaying modules which are non—smelly
modules but are getting closer to become code smells. Proactively refactoring such modules can prevent source code from becoming
smelly. In this dissertation, we present an investigation on the characteristics of decaying modules. Furthermore, we propose
an approach to use a machine learning technique to predict decaying modules which can be used to support developers during
refactoring strategy planning. The prediction approach uses source code quality metrics as predictor variables and whether
a module will get decayed in the next release as a response variable. We also study the use of developers’ context to improve
the performance of the prediction model. The developers’ context can be estimated by applying impact analysis technique to

change descriptions and source code.
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