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Abstract. Despite several evidences that refactorings are not sound and safe,
refactoring tools are widely used and trusted upon. Several evidences have been
published that these tools may perform erroneous transformations that do not
preserve behavior. In order to detect some of these errors, developers may rely
on compilation and tests to attest that behavior is preserved. Compilation er-
rors, for instance, are simple to identify. However, changes in behavior very
often go undetected. In this paper, we present SAFEREFACTOR – an Eclipse
plugin to identify behavioral changes in transformations. We evaluate it against
9 transformations (5 of them do not preserve behavior and are not detected by
the best program refactoring tools). Our tool has been successful in detecting
all behavioral changes and not producing false alarms.

1. Introduction
Refactoring is defined as the process of changing a software system in such a way
that it does not alter the external behavior of the code yet improves its internal struc-
ture [Fowler 1999]. In order to help the refactoring process, several tools (Eclipse,
JBuilder, IntelliJ, Netbeans) automate a number of refactorings. Each refactoring may
contain a number of enabling conditions. Each condition must be verified in order to
guarantee that a program change preserves its original behavior. For instance, to apply
the Extract Class refactoring [Fowler 1999], naming conflicts must be avoided.

The refactoring enbling conditions are commonly implemented in an ad hoc way
in tools. Formally verifying refactorings is indeed a challenge [Schäfer et al. 2009], and
this effort will surely take a long time before it becomes industry standard. Currently, we
need a more practical way to deal with erroneous transformations in refactoring tools. The
current practice allows transformations that result in programs that change the original be-
havior (Section 2). To avoid refactoring errors, developers must rely on compilation and
tests to assure behavior preservation. Compilations errors are simple to detect by IDEs;
the tool must check whether the target program is amenable to correct compilation. How-
ever, rarely test suites are good at catching behavioral changes in the refactoring context,
because the test suite itself may also be refactored. For instance, a simple renaming may
change the test suite. The implementation of this refactoring in some tools may introduce
defects [Ekman et al. 2008]. This scenario is undesired since we do not want to compare
the behavior of two programs with respect to two different test suites.

In this paper we present the SAFEREFACTOR1 – an Eclipse Plugin for detecting
behavioral changes in transformations of sequential Java programs. It extends the imple-
mentation of some refactorings in Eclipse, such as the Push Down Method and Rename

1The tool is available at: http://www.dsc.ufcg.edu.br/˜gsoares/saferefactor

http://www.dsc.ufcg.edu.br/~gsoares/saferefactor


Local Variable [Fowler 1999], to incorporate our test based technique to help check the
safety of the transformation (Section 3). The tool generates a test suite that is useful to
pinpoint non behavior-preserving transformations. In each transformation, we identify
program parts that are preserved by the transformation, by comparing the original and the
refactored program, and automatically generate a comprehensive set of unit tests aided by
a random test generator tool to exercise and assess the refactoring. The same test suite
must be run on the original and target programs.

We evaluated our SAFEREFACTOR tool by analysing 9 transformations, from
which 4 are correct refactorings, and 5 are erroneous refactorings that were manually
identified by Ekman et al. [Ekman et al. 2008]. These behavioral changes are not captured
by the current best Java refactoring tools (Eclipse, JBuilder, IntelliJ, Netbeans) during the
refactorings tasks. Our plugin correctly identified all behavioral changes. Moreover, we
tested it against four correct refactorings and the tool did not produce any false alarms.
The main contributions of this paper are the following:

• An Eclipse plugin for checking Java sequential program refactorings (Section 4);
• The plugin evaluation in 9 transformations (Section 4).

2. Motivating Example
In this section, we present an example of the Push Down Method refactoring applied by
tools like Eclipse, JBuilder, IntelliJ and Netbeans. The example shows a case in which
these tools apply a transformation that is intended to be a refactoring but it does not
preserve behavior.

In order to illustrate the problem, consider a company which employs ordinary
employees who can get a bonus at the end of the month and special kinds of employees
(namely Engineers and Software Engineers) who have a different bonus. Listing 1 shows
a program representing this scenario: the class Employee represents the ordinary em-
ployees and the classes Eng and SwEng represent the special ones. The method test in
SwEng calls the inherited method defaultBonus to get the default value of the bonus.
In its turn, defaultBonus yields 40. One can use an IDE, such as the Eclipse, to
push down defaultBonus from Eng to SwEng. So, the method test in the resulting
program (presented in Listing 2) yields 80 instead of 40. Therefore, the transformation
applied by Eclipse does not preserve behavior. The example presented is small, likely
to be detected promptly by a developer or a test suite. However, more subtle behavioral
changes may be very difficult to pinpoint, specially in larger programs. Moreover, as test
suites are commonly refactored as a result, they may fail to detect errors introduced by
IDEs. For example, a simple Rename Method refactoring may change the test suite. Ad-
ditionally, this refactoring may not preserve the behavior of a program in some situations,
as shown by Ekman et al. [Ekman et al. 2008]. Therefore, we should be careful in these
situations.

In this paper, we propose a plugin for Eclipse (Section 4) which implements our
technique explained in Section 3. Our goal is to avoid running different test suites to the
original and target programs. In Section 4, we show how our tool detects the behavioral
change in the previous example.
3. Technique
Our technique randomly generates a test suite that can be run in both the original and
refactored programs [Soares et al. 2009] to detect unexpected changed behavior. Cur-



Figure 1. Push Down Method - Incorrect handling of super accesses

Listing 1. Source Program

c l a s s Employee {
i n t bonus ( ) { re turn 4 0 ; }

}
c l a s s Eng extends Employee {

i n t d e f a u l t B o n u s ( ) {
return super.bonus();

}
i n t bonus ( ) { re turn 8 0 ; }

}
c l a s s SwEng extends Eng {

pub l i c i n t t e s t ( ) {
re turn d e f a u l t B o n u s ( ) ;

}
}

Listing 2. Target Program

c l a s s Employee {
i n t bonus ( ) { re turn 4 0 ; }

}
c l a s s Eng extends Employee {

i n t bonus ( ) { re turn 8 0 ; }
}
c l a s s SwEng extends Eng {

i n t d e f a u l t B o n u s ( ) {
return super.bonus();

}
pub l i c i n t t e s t ( ) {

re turn d e f a u l t B o n u s ( ) ;
}

}

rently, it is specific for Java, although it can be similarly implemented for other object-
oriented languages. Our technique identifies which methods are affected by changes made
in the source program. We generate a test suite that exercises the changes. We explain
our technique by splitting it in five sequential steps for each refactoring application, as
depicted in Figure 2.

Firstly (Step 1), a static analysis is applied to identify methods presented in the
source and target programs that exercise the classes affected by the desired transformation.
Step 2 aims at randomly generating unit tests for methods identified in Step 1. Notice that
both steps guarantees that the same tests can be run on the source and target programs. In
Step 3, the generated test suite is run on the source. If no test fails, the same test suite is
also run on the target program (Step 4). If the tests run successfully on the target program,
we conclude that the transformation does not introduce behavioral changes (Step 5).

4. SAFEREFACTOR

In this section, we present the SAFEREFACTOR tool, which is useful for detecting behav-
ioral changes in program transformations. It is an Eclipse plugin under the Eclipse Plugin
License (EPL), and implements the technique presented in Section 3. Next we present the
plugin functionalities and how to use it, besides its architecture.

Consider the example from Section 2 to illustrate how to apply the Push Down
Method refactoring on SAFEREFACTOR. The user will do the same initial steps of the
traditional way in Eclipse: (1) select defaultBonus on the Java Editor; (2) go to
menu and choose “Push Down”; (3) Eclipse opens a dialog with parameters for further
configuration. In the original Eclipse functionality, after setup, the user can see a preview,
or just press “OK” and the IDE applies the refactoring.

SAFEREFACTOR users can additionally improve confidence whether the transfor-
mation preserves behavior by clicking the “Safe Refactor” button depicted in Figure 3.
Another window is opened (Figure 3), and the plugin starts the steps of our technique
(Section 3): Step 1 identifies methods in common in both versions of the code (source
and target programs), Step 2 generates unit tests, Step 3 runs tests on current code and



Figure 2. Our Refactoring Technique

Figure 3. The SAFEREFACTOR Window

Step 4, if no tests fail, runs tests on target program. The user can monitor the process
on the top of the window. In Figure 3, Step 4 shows that 504 out of 565 units tests fail,
thus the desired program does not have the same behavior of the original one. A message
advises that the refactoring should not be applied. Also, the tool shows the lists of tests
that fail, and the source code to help the user to identify which sequence of method calls
change the program behavior. In the example depicted in Figure 3, it presents a test case
that unveils the problem explained in Section 2.

SAFEREFACTOR connects on Eclipse through the Plugin Architecture (Figure 4)
[Clayberg and Rubel 2004]. Eclipse provides the Language Toolkit API for automated
refactorings, that was implemented by the JDT Team to create the Eclipse Refactoring
tool [Widmer 2007]. The plugin contains two main modules: GUI and Core. The
first brings the refactoring functionality in wizard mode. Wizard is a set of con-
nected windows that helps a user to do a specific refactoring, this is the goal of class
RefactoringWizard. This class holds an object Change, which contains the trans-
formations that will be made in the code. The class UserInputPage creates the con-
trols for further setup of the refactoring. In these controls, there is a button to start our



technique.

Figure 4. The SAFEREFACTOR Architecture

The technique execution is designed with the Mediator pattern. The object
Mediator is responsible for calling each class in the Core (Analyzer, Generator
and Runner) to complete the steps showed in Section 3 and update the informations to
the user. First Mediator calls Analyzer that is responsible for the first step. It exam-
ines the program and the object Change and returns classes and methods that will remain
with the same signature in the transformed code. Next, Mediator uses Generator
(Step 2) that receives these entities and generates a JUnit test suite for them with RAN-
DOOP [Pacheco et al. 2007], which automatically generates a test suite. It is a random
tester tool for Java programs. Finally, in Steps 3 and 4, Mediator uses Runner to
execute the suite of tests on source and target programs.

As we can see in Figure 4, the technique is decoupled from Eclipse’s refactoring
implementations. The current implementation of our tool implements some refactorings
used by Eclipse developers. Third-party developers can extend our plugin with others
refactorings by creating news wizards extending the class RefactoringWizard of
the LTK API. It is important to mention that it is not necessary implement the refactoring
itself. We can reuse the JDT implementation.

We evaluate SAFEREFACTOR against 9 transformations: 5 of them identified by
Ekman et al. [Ekman et al. 2008] which change the behavior of the target program; and 4
examples in which the transformations do not introduce behavioral changes. The 5 trans-
formations are wrongly applied by the best refactoring tools. They present the following
errors: incorrect handling of field accesses, incorrect handling of type accesses, incorrect
handling of private method accesses, renaming field can shadow static import and renam-
ing local variable can lead to shadowing by field. Our evaluation has been successful in
detecting all of the expected errors and do not produce false alarms. The number of tests
generated is proportional to the time allocated to it. The default time limit is 3 seconds. It
is recommended to increase the time limit, when the program is large. So, this increases
the chances to exercise all changes.



5. Conclusions
In this paper, we present the SAFEREFACTOR tool – an Eclipse plugin for improving con-
fidence that Java transformations does not change behavior. It implements our technique
for generating tests in order to find behavioral changes. We generate a test suite that runs
on the original and refactored versions of a program. We evaluated the SAFEREFACTOR

against 9 transformations. Our approach identified all 5 non behavior-preserving trans-
formations that are not detected by the best Java refactoring tools.

As a future work, we intend to extend our plugin to be used for all refactorings
available in Eclipse. Additionally, we aim at evaluating our tool in a real case study.
Moreover, the current implementation of our tool only generates tests for public methods.
So, adjusting it to consider non-public ones may be another direction. Finally, we intend
to improve our static analysis taking into account the classes hierarchy.

Ekman et al. [Ekman et al. 2008] manually catalog a number of non-trivial com-
pilation errors and behavioral changes resulting from refactoring tools (Eclipse, JBuilder,
IntelliJ and Netbeans), when trying to apply refactorings such as Rename Local Vari-
able and Push Down Method. We consider all of their examples when evaluating our
tool. Our technique is able to automatically pinpoint all behavioral changes introduced.
Murphy-Hill and Black [Murphy-Hill and Black 2008b, Murphy-Hill and Black 2008a]
characterize a number of problems with current refactoring tools usability. The results of
the study show that speed, accuracy, and user satisfaction can be increased. Our work is
complementary since we focus on soundness instead of usability.
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