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Abstract 
 
Refactorings are specific code transformations that improve the design of existing code 
without changing its externally observable behavior. In practice, unit tests are the most 
commonly used tools to ensure preservation of behavior after refactoring. Since unit 
tests are tightly coupled with the code, refactoring of the code can also invalidate the 
associated unit tests. If not properly adapted and maintained along with any 
transformation in the production code, the safety net provided by the unit tests would 
not be available and could result in a huge loss in terms of effort and cost.  
 
Refactoring guidelines provide mechanics for code transformation and refactoring tools 
provide support for automatic execution of these mechanics. Since refactoring can result 
in breaking of client and test code, adaptation techniques to fix these should be 
appropriately addressed. This thesis extends the state of the art in refactoring by 
formalizing the concept of unit test adaptation with refactorings. In this thesis, we 
established that, in the context of refactoring, unit test is different from an ordinary 
client. Therefore, it requires additional adaptations that are not applicable to any other 
client in the software. For instance, moving a method to another class requires 
adaptation of its clients including the unit tests. If the clients are not updated, this 
refactoring will result in compilation errors. On the other hand if test code is not adapted 
accordingly, this refactoring will introduce test smells in the test code. The test 
adaptation mechanics developed in this thesis also improve the design of test code along 
overall improvement in quality of production code.  
 
In this thesis we reviewed and analyzed various concepts and tools for refactoring java 
programs. and unit testing and identified the areas that could be improved. It also 
includes identification of problem areas in Fowler’s catalog via empirical evaluation . It 
has also been demonstrated, how refactoring guidelines can be extended.  
 
In addition, a test and client adaptation framework has been designed. This framework 
can provide a basis for automation of primitive refactorings and their associative 
adaptive actions to be performed on production and test code. The functions from this 
framework have been used to develop formal specifications of extended refactoring 
guidelines at different levels of abstraction. 
 
We also show with the help of results from an expert survey, empirical investigation and 
practical demonstration that our proposed approach has various advantages as compared 
to conventional approaches.  
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Chapter 1 
 
Introduction 

 
 

Software has had an intense influence on every aspect of our lives. Due to the increasing 
volume of software business, there is constant need for tools and techniques that help in 
faster development of better quality software systems. However, quality is not an easily 
achievable attribute. An intrinsic characteristic of software that makes development 
even more difficult is changeability (Brooks 1987). A software system needs to be 
modified constantly due to changes in user requirements, technology, business 
conditions and for improvement in quality. It is an admitted fact that approximately 60% 
to 70% effort is spent on maintenance phase of software development life cycle. Thus, 
for software systems that have a long lifetime, the maintenance costs may be 3 to 4 
times the cost of original development cost (Sommerville 2007). Hence, the area of 
software maintenance research has lots of practical significance. The significant portion 
of research efforts both in academia and industry are targeted towards the maintenance 
aspect of software.  
 
According to the ISO/IEEE standards (IEEE 1998, 2006), software maintenance can be 
corrective, adaptive, perfective or preventive. Where corrective maintenance is   
performed after delivery to correct discovered faults, adaptive maintenance is the 
modification of a software product performed after delivery to keep software usable in a 
changed or changing environment, perfective maintenance is the modification of a 
software product after delivery to improve performance or maintainability and 
preventive maintenance is performed to prevent problems before they occur. 
 
Extension in the software often requires certain transformations such that new 
functionality can be easily incorporated.  Such transformations can be very hectic and 
risky. Refactoring is a disciplined approach to carry out such transformations ensuring 
preservation of the externally observable behavior of the software system. Hence, 
refactoring falls in the perfective maintenance category.  
 
Refactoring—the process of changing the structure of software without changing the 
way that it behaves (Fowler 1999)—has been practiced by programmers for many years. 
The term refactoring was coined by Opdyke (1992) later augmented by Roberts (1999) 
to include post condition assertions. Nonetheless, Fowler’s refactoring catalog (Fowler 
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1999) played an important role in bringing refactoring to mainstream software 
development. 
 In addition to Fowler’s catalog, refactoring tools have also emerged in various 
programming environments that semi-automate the refactoring process. These tools 
have promised to increase the speed at which programmers can write and maintain code 
while decreasing the likelihood of introducing new bugs. However, this guarantee 
remains largely unfulfilled, because programmers do not use the tools as much as they 
could (Murphy-Hill et al. 2011). One of the reasons for this under utilization is mistrust; 
it is observed that several times refactoring tools introduce syntactic and semantic errors 
in various parts of the software system thus making the system error prone (Soares et al 
2009) (Basit et al 2010). 
 
1.1. Refactoring 
 
Refactoring can be defined as a change made to the internal structure of software to 
make it easier to understand and cheaper to modify without changing its observable 
behavior. Moreover, it is a disciplined way to clean up code with minimal chances of 
introducing bugs (Fowler 1999).   
 
However, if refactoring process is not defined precisely, then it cannot be applied with 
the desired discipline. Ideally, refactoring, unlike any other transformation should 
produce code such that it is (1) better in terms of quality, (2) behavior preserving or 
semantically equivalent (Opdyke 1992) to the code prior to refactoring and is (3) valid 
syntactically (Opdyke 1992) after refactoring (see Figure 1.1). If any of these conditions 
do not fulfill, refactoring should not be done. 

 
 

Figure 1.1 Refactoring Process Outputs Valid Syntax  
 

1.1.1. Semantic Equivalence 
 

In most cases, refactoring an object-oriented system requires changing the abstractions 
represented by object classes and their relationships. It often involves structural or 
organizational changes such as extraction and movement of methods as well as classes. 
According to Opdyke (1992), when such a change is made, corresponding changes may 
also be required in other parts of a program due to constraints like name, type and scope. 
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Keeping a track of these dependencies is not easy and may introduce defects. As a result 
the refactored program may not retain its original behavior. 
 
Refactorings are supposed to be behavior-preserving. Opdyke (1992) defines a 
refactoring behavior-preserving if the program is called twice (before and after a 
refactoring) with the same set of inputs and the resulting set of output values is same. 
Also, according to him refactorings are behavior preserving, when they qualify 
preconditions and do not invalidate the program.  

 
Behavior preservation means that a refactoring should produce a valid program. 
Additionally, the references and operations in a program before and after refactoring 
must be equivalent semantically (Opdyke 1992). Semantic equivalence implies that 
before and after refactoring with the same set of inputs, the resulting set of output values 
must be the same. Semantic equivalence gives freedom to the developer to make 
changes in the program as far as the mapping of input to output values is retained. 
Unlike syntactic errors, semantic errors are not flagged by the compiler. Therefore their 
identification requires rigorous unit testing or formal evaluation. Detecting semantic 
errors can be very expensive in terms of effort and cost (Opdyke 1992). A better 
solution is to prevent the occurrence of semantic defects by making the refactoring 
process more reliable. In this thesis we have discussed in detail, how refactoring process 
can introduce semantic defects in the system and also how the occurrence of these 
defects can be avoided. 
 
1.1.2. Syntactic Validity 
 
A refactoring may affect one or more attributes of a programming entity.  For example, 
any change in method signature or its owner class may result in syntactic errors in all 
the clients or callers of the changed method. Such errors are always flagged by the 
compiler at the compile time (Opdyke 1992). But fixing the clients manually can be 
very hectic and tedious. Hence, it is preferred to use automated support for such 
adaptations. However, the refactoring tools are deficient in providing complete support 
for syntactic adaptation of affected components in the system after refactoring (Soares et 
al 2009, 2010).  
 
1.1.3. Software Quality 
 
The purpose of refactoring is to simplify the process of evolution as well as the software 
design while keeping the behavior intact. A refactoring improves design if the refactored 
code represents abstractions that are easier to evolve. However, there is reasonable 
amount of conflicting evidence found on the quality improvement aspect of refactoring. 
These researches exhibit that the refactoring processes may deteriorate overall software 
quality instead of improving it (Kim et al. 2011, 2012) (Alshayeb 2009) (Rachatasumrit 
and Kim 2012) (Janzen and Saiedian 2008) (Johnson 2011) (Ratzinger et al. 2008) 
(Weißgerber and Diehl  2006) (Stroggylos and Spinellis 2007) (DuBois and Mens 2003) 
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(Geppert et al. 2005) (Wilking et al 2007) (DuBois et al. 2004) (kataoka et al 2002) 
(Moser et al. 2006). 
 
1.2. Verification Techniques 
 
During refactoring, even simple operations like renaming are difficult to automate 
correctly for modern programming languages. Particularly, with object-oriented 
languages that have complex lookup rules, it is difficult to avoid superfluous adaptations 
(Schäfer et al 2009). Hence, to evaluate whether refactoring process introduced 
unwanted behavior in the software system, verification techniques like unit testing or 
formal verification are applied.   
 
1.2.1. Unit Testing 

Unit test, also sometimes called the developer test, is an artifact of primary importance 
when developing high-quality software (Meszaros and Fowler 2007). A report from the 
National Institute of Standards and Technology indicates that catching defects early 
during unit testing lowers the total development cost significantly (Tassey 2002). 
Therefore, newly added functionality should be tested as soon as possible in the 
development process, to provide quick feedback to the developers (Runeson 2006). A 
test case can also be used to understand the code being tested. Since the tests are 
required to be run upon every change, their documentation value is guaranteed to remain 
up to date. For example, agile software development is done through test-first design 
where structuring the test cases guides the design of the production code (van Deursen 
et al. 2001). We refer to production code as all the classes in the system except for unit 
tests and the term test code has been used for unit tests throughout the document. 
 
Unit tests are used to test the effect of changes on existing functionality. Unit tests are 
considered the only practical safety net available after refactoring (Basit et al 2012c). 
However, development and maintenance of a reliable unit test suite is not a very easy 
task.   
 

1.2.2. Formal Specification and Verification 

Formal specifications define the system behavior in a concise and precise manner. 
Formal specifications are defined with the help of mathematical notation. The 
specifications are defined at a high level of abstraction, without going into the internal 
details of functionality. These specifications need not be executable. Formally 
specifying and verifying refactorings is definitely a challenge (Schäfer et al 2009).  That 
is why; formal verification is not as common as software testing. Formal methods are 
more frequently applied on safety critical systems because reliability on unit tests is not 
considered secure and it will take significant amount of time before formal methods 
become industry standard. Like other artifacts from software development life cycle, 
formal specifications (if developed) may also become invalid like unit tests after 
refactoring. Therefore, formal verification cannot be performed. Formal methods are not 
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as commonly used in the industry as unit tests for verification. The relationship between 
refactoring and formal specification / verification remains an open area for research. 
 
 
1.3. Problem Statement 
 
Transforming programs is easy preserving behavior is hard. Refactorings only qualify 
the condition of behavior preservation if these perform equivalence transformations that 
do not change the external behavior of the software system but only improve the internal 
structure of the code. In contrast to this definition, refactoring usually invalidates the 
software interface in practice. It happens because the current state of the art and practice 
on refactoring does not adequately handle adaptation of clients and unit tests.  
 
If refactoring process does not include sufficient pre/post conditions and appropriate 
adaptive actions, the resultant code is likely to have semantic defects, broken clients, 
deteriorated software quality and invalid unit tests. In this thesis we explore the reasons 
behind these issues and suggest solutions.  
 
 Following are the research questions explored in this thesis: 
 

1. Does available support for refactoring always produce semantically equivalent 
code? 

2. Does available support for refactoring evaluate adequate preconditions and 
perform corresponding adaptive actions? 

3. Does available support for refactoring evaluate adequate postconditions after 
refactoring? 

4. Does available support for refactoring adapt clients after refactoring? 
5. Is there a difference between a unit test and an ordinary client in the context of 

refactoring? 
6. Does the available support for refactoring always adapt the unit tests after 

refactoring? 
7. Does refactoring always improve overall software quality? 

 
 

1.4. Refactoring Process  
 

In this subsection, we briefly discuss the basic steps in the refactoring process as 
depicted in Figure 1.2. The grey constructs in Figure 1.2 highlight the problem areas in 
the refactoring support.   
 
A refactoring should not be dealt as an ordinary transformation. Most of the times 
refactorings are performed in parallel with other changes in the code called Floss 
Refactoring (Murphy-Hill and Black 2007), hence it becomes difficult to segregate the 
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effects of refactoring and the other changes performed on the code. Similarly, both 
transformations are not tested independently. Fowler does not commend the use of such 
type of refactorings, but a study (Murphy-Hill and Black 2007) shows that, this is the 
most common practice in refactoring. 
 
The other type of refactoring in contrast to floss refactoring is root canal refactoring. In 
this type, refactoring process is not interwoven with normal program development. 
Hence, its verification is comparatively easier, yet it’s not common. Whatever is the 
pattern of refactoring, it should be the responsibility of the tool to treat the refactoring as 
an independent transformation, and it may be invisible to the developer. As shown in 
Figure 1.2, when refactoring process starts it should not be intervened at any stage to 
ensure that refactoring is committed safely. 

 
1.4.1. Precondition Evaluation   

 
Refactoring process should ideally begin with evaluation of a robust set of 
preconditions. These preconditions determine whether it is safe to make the 
transformation. That is, these may determine that the intended refactoring shall not 
violate any uniqueness constraints, references etc. If any one or more preconditions are 
not satisfied, developer should be informed about it and proper adaptive actions should 
be performed until all the preconditions are satisfied. Otherwise, refactoring process 
should be aborted and all the changes are rolled back (see Figure 1.2). Refactoring 
support generally overlooks these checks and continues with the refactoring.  
 
1.4.2. Client and Unit Test Adaptation 
 
After refactoring is performed, it has to be tested for behavior preservation. For this 
purpose usually unit tests are used. The unit tests verify that after refactoring program 
has retained its semantics. However, refactoring may invalidate the unit tests along other 
clients in the system. In that case, developers can lose the safety net for verifying the 
effects of refactoring. To avoid this situation, test adaptation should be performed after 
refactoring in addition to adaptation in clients (see Figure 1.2). However, the refactoring 
support does not adequately address client and test adaptation.  
 
1.4.3. Postcondition Evaluation    
 
Postconditions are the final checks for committing the refactoring. Postconditions verify 
that whether or not the executed refactoring has achieved its intention. For instance, a 
post-condition for Move Method (Fowler 1999) refactoring is that the candidate method 
has been moved to the target class and no longer exists in the source class. Additionally, 
all the calls to the candidate method have been replaced such that they are instantiated 
by the target class object instead of the source class object etc. 
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Figure 1.2 Refactoring process with client and unit test adaptation 
 

 
 
Although the existing refactoring tools perform final checks before committing 
refactored changes. However, these tools do not check whether client and test adaptation 
steps were performed properly. Post-condition assertions should be strong enough to 
identify any such violation so that refactoring can be stopped.  
 
The existing support for refactoring does not enforce three-level verification. As can be 
seen in Figure 1.2, after evaluation of preconditions (first level check), the refactoring 
process invokes adaptation of code to be refactored, clients and unit tests.  Later, the 
tests are executed. If the tests pass, postconditions (third level checks) are evaluated. If 
any of the adaptations or postconditions are not fulfilled, refactoring process is rolled 
back. 
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1.5. Goals and Approach 
 

We conducted our research in three main phases. These phases are briefly described 
below and illustrated in Figure 1.3.  
 
1.5.1. Problem Formulation 
 
Refactoring is a sub-domain of software evolution, which in itself is a sub-domain of 
software engineering. It is an extremely popular sub-domain and hence is a very active 
area of research. We explored the literature for open problems in the area of software 
refactoring. We observed that there was not enough work done on resolving consistency 
issues between code and other artifacts from software development life cycle. Among 
all artifacts, unit tests have a unique as well as a critical relationship with refactoring. 
Unit tests are critical because they are considered the only practical solution available 
for verifying the effects of refactoring (Basit et al. 2010a). As can be seen in Figure 1.3, 
in this phase, we reviewed the state of art and practice on the relationship between 
refactoring and unit testing and highlighted problem areas leading to our research 
questions. After identification of research questions related to refactoring and unit 
testing, we defined the scope of our research. 
 
1.5.2. Problem Analysis 
 
The understanding of how software engineers develop and maintain evolving complex 
systems cannot be derived from only investigating the tools and processes they use, we 
also need to focus on the human behavior and cognitive processes (Easterbrook et al. 
2007). Therefore, we have analyzed our problem by involving human subjects and tools 
to establish our claim. These include an expert survey, analysis of refactoring tools and 
empirical evaluation of Fowler’s refactoring catalog. 
 
1.5.3. Expert Survey  
 
In order to get feedback on our research questions and claims about refactoring and unit 
tests we designed an expert survey. The target respondents were individuals who had 
actively participated in research and development activities concerning program 
evolution or refactoring in the recent past. 

An online questionnaire-based survey was conducted on refactoring and unit testing 
practices in academia and software industry. The majority of respondents to this survey 
judged these issues as being of high importance for industry and academia. The results 
revealed notable gaps between preferred and actual practices and features provided by 
refactoring tools (details in Chapter 3).  
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1.5.4. Empirical Evaluation of  Fowler’s Catalog 
 
 The controlled experiment was performed to investigate whether steps on client and test 
adaptation should be included in these refactoring guidelines or not. The students were 
provided training sessions on refactoring prior to the experiment. The students were 
given Java code with refactoring opportunities and the original refactoring guidelines. 
The results showed that all subjects performed well when they applied the core 
refactoring steps. On the contrary, defects that were identified after refactoring using 
tools also appeared after manual refactorings. From the results we derived that if the 
steps on client and test adaptation were included in the Fowler’s guidelines and 
developers had followed them the violations in the code could have been avoided (For 
details see Chapter 4). 
 
1.5.5. Analysis of Refactoring Tools 
 
Fowler’s refactoring catalog (Fowler 1999) is widely used both in the industry and 
academia for training and pedagogical purposes.  Based on Fowler’s guidelines many 
refactoring tools for Java have been developed including the most commonly used: 
Eclipse (2011), IntelliJ IDEA (2011), JBuilder (2011) and NetBeans (2011) etc. These 
tools do not completely address the issues related to behavior preservation including 
client/test adaptation. One of the reasons is lack of refactoring guidelines that include all 
necessary pre and post conditions for the preservation of program behavior (Basit et al 
2010).  Therefore, we identified the semantic as well as syntactic errors that could appear 
in the refactored code by performing refactorings through refactoring tools. 
 
1.5.6. Implementation and Verifications 
 
The outcomes from the earlier phases of research helped in the development of 
solutions. First development was extension of refactoring guidelines to include the 
missing preconditions and guidelines for test adaptation and postconditions. An 
adaptation framework for primitive refactorings was developed to provide functions for 
test and client adaptation. These functions were used for developing formal 
specifications for extended refactoring guidelines. These guidelines were applied on an 
open source code that simulates a Local Area Network (LAN). It was quantitatively 
analyzed to judge the effectiveness of unit test adaptation in comparison to the existing 
approaches. Based on the extended guidelines, a working prototype, TAPE, was 
developed. TAPE is an Eclipse plugin that helps in automatic adaptation and 
restructuring of unit tests. It also evaluates additional preconditions before refactoring 
which are missing in Eclipse refactoring plugin. 
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Figure 1.3 Flow chart depicting research activities 
 

1.6. Contributions 
 
This thesis extends the state of the art in refactoring in multiple ways. The novel 
contribution of this thesis is, establishing that unit test is a specialized client in the 
context of refactoring. Therefore, it requires additional adaptation procedures. To 
support our claim we performed the following: 

 
1. Development of a mutually exclusive categorization of refactorings based on 

their impact on unit tests and production code. This categorization reduced the 
problem space by segregating the refactorings requiring extension from the ones 
that do not need extension. 

2. Extended Fowler’s refactoring guidelines by incorporating missing 
preconditions, adaptation steps and postconditions. 

3. Developed extended refactoring guidelines for Opdyke’s primitive 
refactorings. 
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4. Developed a notational view showing the impact of each primitive 
refactoring on production code and unit tests in the form of CUD (Create, 
Update and Delete). 

5. Developed a high level design framework for addressing the effects of 
refactoring on clients and unit tests that can provide a basis for automation. 

6. Development of a prototype TAPE (Test Adaptation Plugin for Eclipse). 
 
1.7. Thesis Organization 
 
In this chapter, we provide an introduction to our work and outlined our main research 
contributions. The rest of the dissertation is structured as follows: 
 
Chapter 2 provides an overview of various concepts related to refactoring and unit 
testing. It also presents detailed discussion on the existing literature where we have 
raised and discussed research questions.  
 
Chapter 3 presents an in-depth analysis of the results from an expert survey conducted 
to find the current state of practices with regard to software refactoring and unit testing. 
 
Chapter 4 presents a comparative analysis of commonly used refactoring tools for Java. 
It also includes identification of problem areas in Fowler’s catalog (Fowler 1999) via 
empirical evaluation. In this chapter, it has been demonstrated how refactoring 
guidelines can be extended.  
 
In Chapter 5, we establish through examples that unit test is a specialized client in 
refactoring. The impact of refactoring on unit tests has been discussed in detail. The 
difference between clients and unit tests in the context of refactoring has been described. 
It also includes a comparative demonstration of refactoring with and without test 
adaptation on open source software. The analysis has been performed by interpreting 
quality and coverage metrics for both approaches. 
 
Chapter 6 presents a test and client adaptation framework design that can aid in the 
eradication of the effects of primitive refactorings on production and test code. 
Functions from this framework have been used to develop formal specifications of 
extended refactoring guidelines at different levels of abstraction. 
 
Chapter 7, concludes our research work, and also provides directions for future research. 
 
 
 
 
 
 
 



12 
 

Chapter 2 
 
Literature Review 
 
 
2.1. Introduction 
 
Testing and refactoring are two separate activities each having a different purpose. In 
real world however, these two become intertwined when unit tests are used for verifying 
effects of refactorings. In this chapter, we provide a detailed overview of existing 
research on the relationship between software refactoring and unit testing, from a 
theoretical as well as practical point of view.  
 
In this chapter, literature was reviewed by following parts of Kitchenham’s (2007) 
guidelines for conducting Systematic Literature Review (SLR) which provides a means 
of identifying and evaluating the literature relevant to a particular research question or 
topic area. This includes studying the existing evidence concerning theoretical as well 
practical aspects of refactoring and unit testing techniques, identify gaps in current 
research, suggest areas for further investigation and provide a background in order to 
appropriately position new research activities. Figure 2.1 shows the scope of this 
literature review. 
 

 
 

Figure 2.1. A conceptual model of refactoring and related concepts 
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A list of questions from various aspects, that indicate future research directions, and 
some partial answers to these questions have also been provided. 
 
2.2. Refactoring in General 
 
2.2.1.    Does refactoring improve overall software quality? 
 
It is widely believed that refactoring improves software quality and developer 
productivity. However, recent empirical studies (Kim et al. 2011, 2012) (Alshayeb 
2009) (Rachatasumrit and Kim 2012) (Janzen and Saiedian 2008) (Johnson 2011) 
(Ratzinger et al. 2008) (Weißgerber and Diehl  2006) (Stroggylos and Spinellis 2007) 
(DuBois and Mens 2003) (Geppert et al. 2005) (Wilking et al 2007) (DuBois et al. 2004) 
(kataoka et al 2002) (Moser et al. 2006)  show contradicting evidence on the claimed 
benefits or at least the developers‘ insight. These studies show that refactoring does not 
always contribute towards good software quality and behavior preservation. Weißgerber 
and Diehl (2006) conclude in their study that a high ratio of refactoring edits leads to 
increasing ratio of bug reports. They also confirm that incomplete or incorrect 
refactorings cause bugs. According to a study by Kim et al. (2011) refactoring edits owe 
a strong temporal and spatial relation with the bug fixes. Because refactoring often 
introduces massive structural changes to the system, this always raises doubt about its 
benefits.  
 
Nagappan and Ball (2005) report that the number of added, deleted, and modified lines 
of code is correlated with the defect density. Görg and Weißgerber (2005) identified 
errors caused by incomplete refactorings with the help of relation between API-level 
refactorings and the corresponding class hierarchy. Daniel et al. (2007) found dozens of 
bugs in the refactoring tools in popular IDEs. Murphy-Hill et al. (2009) found that 
refactoring tools do not perform well in communicating errors and therefore, 
programmers do not address them as effectively as they could .Vakilian et al. (2012) and 
Murphy et al. (2006) found that programmers do not use some automated refactorings 
despite availability of refactoring tools. 
 
As discussed above, there are many research articles about refactoring and its negative 
impact on various aspects of software quality. But reasons for this impact are still very 
much unknown. For example, refactoring may impact the unit tests in two ways, (1) 
break unit tests, therefore, the bugs cannot be detected and (2) disturb the structure of 
unit tests leading to deteriorated test code quality ultimately affecting the overall 
software quality. Additionally, the role of refactoring tools, developer’s decisions and 
the refactoring guidelines could be the reasons for the worsening the software quality 
while refactoring. This gives rise to the need for studies that uncover the actual reasons 
behind this issue. 
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2.2.2. What is the state of refactoring guidelines?  

The famous Fowler’s refactoring catalog (Fowler 1999) consists of 72 refactoring 
guidelines in natural language. It consists of both low and high level refactorings, where 
bigger refactorings use smaller refactorings to complete the process. Each refactoring 
guideline includes an overview, a motivation and an example to demonstrate the task. In 
a few refactoring guidelines the preconditions have been included, but the level of detail 
throughout the catalog is inconsistent and informal. Fowler himself states in his book 
that this catalog is a starting point for developers and it can lead to problems for those 
who do not use these guidelines properly (Fowler 1999). For instance, the guidelines 
consistently insist the developers to compile and test throughout the refactoring process 
but do not provide any guidelines on the adaptation of unit tests. Additionally, in most 
cases, steps on client adaptation are also missing.  

In spite of these drawbacks, because of its non-formal presentation, it has been widely 
adopted and used. Being the only consolidated text available on refactoring guidelines, 
Fowler’s (Fowler 1999) catalog has played a major role in bringing refactoring to the 
mainstream development activity.  

Although there is literature available on unit test patterns and test smells, the need 
remains to consolidate the refactoring and unit test adaptation guidelines. The attention 
of the researchers should also be diverted towards developing complete, consistent and 
detailed refactoring guidelines. 
 
2.2.3. Why refactorings should be formally specified and verified?  
 
Refactoring is a form of program transformation, but with an important difference from 
any other transformational approach. Refactorings are more formal and systematic as 
compared to other restructuring techniques. Hence their specification and verification 
can be better performed with the help of formal methods. Although formal specification 
and verification has proven effective, it is not widely used. In part, this is because of 
pragmatic difficulties. However, the pioneers in refactoring research strongly opted for 
formal specification and verification of refactorings. 
 
Opdyke (1992) in his PhD thesis presented preconditions for twenty-three primitive 
refactorings in the form of predicates. These preconditions check syntactic and semantic 
properties of code which are related to type compatibility, scoping, inheritance and 
semantic equivalence. He proved that if these preconditions are fulfilled then the 
corresponding refactoring would ensure preservation of the program behavior. However, 
he observed that the compiler can only flag syntactic violations but errors related to 
semantic equivalence are not likely to be identified.  
 
Therefore, in addition to preconditions, postconditions are also needed to ensure 
semantic equivalence. Opdyke’s (1992) definition of scope of refactoring involving a 
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public variable is limited to the class which contains it and its subclasses. The formal 
specifications of refactorings in his thesis are also in compliance with the above 
definition of scope. However, as the public members of a class are accessible throughout 
the software system, refactoring could invalidate code which is beyond the above 
defined scope.  
 
Roberts (1999) in his dissertation, while remaining within the same definition of the 
scope as defined by Opdyke (1992), extended the definition of refactoring by adding 
postcondition assertions. He commented that Opdyke‘s primitive refactorings are too 
small to be performed in isolation and are mostly applied in sequences setting up 
preconditions for later refactorings. Therefore, to ensure behavior preservation, he 
presented a new definition of refactoring that requires refactorings to fulfill not only 
certain preconditions, but some postconditions as well. As his focus is on automation of 
refactorings, this work only provides a semi-formal proof of behavior preservation and a 
dynamic method of composing refactorings without providing any formal specification 
of the refactoring guidelines. 
 
The theses by Opdyke (1992) and Roberts (1999) do not shed light on how unit tests are 
affected by refactoring. Similarly, Fowler’s catalog (1999) also does not include the 
guidelines on adapting unit tests while refactoring. Most of the automated work on 
refactoring inherits features from the work done by these pioneers. For instance, 
Refactoring Browser (Roberts et al 1997) takes input an environment which by default 
is the full environment i.e. including the complete classes of the system (including test 
classes). But it doesn’t differentiate between a unit test and an ordinary client while 
making adaptations after refactoring.   
 
Cinn´eide (2000) in his PhD dissertation investigates composite refactorings in the 
context of design patterns. He provides formal specifications of only a few primitive 
refactorings used in the application of these design patterns. In addition, he provides 
proofs of behavior preservation including pre and post conditions for all the design 
patterns and the primitive refactorings used by them. There is no discussion on how unit 
tests are affected by the composite refactorings. 
 
Garrido and Meseguer (2006) consider two tasks essential for proving the correctness of 
refactoring tools. First is the formal specification of refactorings and second is the proof 
of correctness which ensures that the refactoring is behavior preserving. Considering 
these two elements they present a new approach based on an equational executable 
semantics of sequential Java specified in Maude language (Garrido and Meseguer    
2006). These formal definitions of refactorings are executable but do not take into 
account the adaptation of unit tests.  
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2.3. Relationship between Refactoring and Unit Tests 
 
2.3.1. What is the relationship between refactoring and unit testing? 
 
Refactorings are ideally small and relatively simple, therefore minimize the chances of 
something breaking. However, through refactoring a programmer may unintentionally 
change the system’s behavior (van Deursen and Moonen 2002). Ideally, it can be 
verified that this did not happen by checking that all the tests pass after refactoring. Also 
according to Lippert et al. (2006) refactorings should be performed after the execution 
of required automated unit or acceptance tests. With the help of these tests, developers 
check if the software displays the same behavior as it did before refactoring.  
 
Unit tests provide a safety net against introducing defects during refactoring (Vonken 
and Zaidman 2012) (Feathers 2004). Not only do unit tests provide a safety net, but, 
because of their small size, they also offer a means to test changes in the code as soon as 
possible (Runeson 2006). According to Bannwart and Müller (2007) unit tests are far 
more critical during refactoring process because programmers rely on unit testing to 
determine whether a refactoring was applied correctly and the behavior of the 
production code was kept unchanged. Refactoring and unit testing are considered key 
practices in agile software development methods, like SCRUM and eXtreme 
Programming (XP), underlying the relationship between the two concepts  (George and 
William 2003) (Vonken and Zaidman 2012) (Causevic et al 2010) (Graham 2002).  
 
In a field study on refactoring at Microsoft (Kim et al. 2012), the survey participants 
indicated that refactoring comes with a risk of introducing subtle bugs and functionality 
regression. According to Rachatasumrit and Kim (2012), an inadequate regression test 
suite prevents developers from initiating refactoring effort, because there is no practical 
alternative for checking the correctness of refactoring edits (Henkel and Diwan 2005). 
 
One of the participants mentioned in the survey by Kim et al. (2012) that, 
 
“If there are extensive unit tests, then (it’s) great, (one) would need to refactor the unit 
tests and run them, and do some sanity testing on scenarios as well. If there are no tests, 
then (one) need to go from known scenarios and make sure they all work. If there is 
insufficient documentation for scenarios, refactoring should not be done.” 
 
Also according to Lippert and Roock (2006) only sufficiently automated tests guarantee 
the safe execution of a refactoring. If the interface of a class is changed in the course of 
a refactoring, the corresponding test class must also be adapted. In this case it is 
recommended that you first modify the test class and then proceed with the refactoring 
step (test-first refactoring). Moonen et al. (2008) noted that, in parallel to test-driven 
development, test-driven refactoring can improve the design of production code by 
focusing on the desired way of organizing test code to drive refactoring of production 
code (Counsell et al. 2008). According to Janzen and Saiedian (2008) refactoring is used 
to introduce tests to deal with the growing complexity of a system. That is, the research 
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shows that these two are closely related, however there is a need to explore other aspects 
of this relationship as illustrated in Figure 2.1 and research questions below.  
 
2.3.2.  How is refactored code physically associated with unit tests? 
 
Tests and refactorings constitute an inseparable unit (Lippert and Roock 2006). Fowler 
(1999) insists that every class should be tested by either a main method or separate test 
classes should be developed. It implies that test code, in spite of its physical location, 
remains associated with the production code. The ratio between number of test methods 
and the methods in the production code may vary from project to project, but should 
ideally approach 1:1 (van Deursen et al. 2001). Unit tests are automated, written in the 
same programming language as the production code, considered an explicit part of the 
code, and put under revision control. The Agile processes encourage writing a test class 
for every class in the system (van Deursen and Moonen 2002). A typical test for a 
particular method includes (van Deursen and Moonen 2002): (1) fixture (the data used 
for testing), (2) method call, (3) a comparison of the actual and the expected values, and 
(4) tear down of the fixture. Writing tests is usually supported by frameworks such as 
JUnit which can be easily integrated with developmvent environments (van Deursen et 
al. 2001) (van Deursen and Moonen 2002).   
 
There is very limited work done on physical association between production code and 
test code. The results of such studies can help in establishing standards of writing better 
unit tests. For Example, it would be useful to see the difference among test code written 
in user defined classes, inside production code or in unit testing frameworks. Similarly, 
as parallel code hierarchies are seen as a design anti-pattern if formed in the production 
code, it would be of interest to judge the formation of parallel test code hierarchy 
(Meszaros and Fowler 2007), its usefulness and issues involved with it.  
 
2.3.3. Why code and unit tests should evolve together? 
 
Refactoring process should help in the evolution of software artifacts including 
requirements, design, tests, etc (Mens and Tourwé 2004). Zaidman et al. (2008) are also 
of the view that software development process with focus on quality should allow co-
evolution of these artifacts. The importance of the tests cannot be denied. However, in 
practice the co-evolution of tests can be extremely tedious and hectic. The authors 
emphasize on the need for tools and methods that can help in the co-evolution of source 
and test code. 
 
Pipka (2002) introduced a process, called Test-first Refactoring (TFR), which requires 
adaptation of associated unit tests before the refactoring process takes place. Test Driven 
Refactoring (TDR) (Jiau and Chen 2009) is a concept similar to TFR. The main focus of 
this research is the automation of TDR. These approaches fit well in Extreme 
Programming paradigm but are not general enough to be used in all development 
environments where testing first is not always possible (Bannwart and Müller, 2007). 
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Theoretically, co-evolution of production and test code would offer advantages. But it 
would be of interest to find empirical evidence on the potential benefits in evolving unit 
tests with the production code.  
 
2.3.4. Does the availability of unit tests improve the refactoring process? 
 
Unit tests help to understand the code before refactoring. In extreme Programming (XP) 
unit tests are developed prior to development as a form of documentation to have a 
better understanding of code (Demeyer et al. 2002) (Cornelissen et al. 2007). Similarly, 
unit tests are also thought to increase the internal quality of the code, by providing a 
context for the refactoring (Nagappan and Ball 2005). So a common question is, 
whether unit tests allow to refactor more quickly because less debugging is required. On 
the other hand, it actually costs time to also adapt the unit tests when refactoring. It 
happens because there are a number of refactorings that invalidate the accompanying 
unit tests due to changes in the interface (van Deursen and Moonen 2002). 
 
In order to answer this same question, Vonken and Zaidman (2012) investigated the role 
of unit tests during refactoring. They designed seven refactoring assignments where 
refactorings were taken from different categories related to the impact they have on the 
related unit tests. In a two-group controlled experiment, one experimental group had 
unit tests available while the other control group had to do the refactorings without unit 
tests. From this experiment, they expected to determine the time needed to perform the 
refactorings and the quality of the resulting code. From the results they could not 
conclude that having unit tests available during refactoring leads to quicker refactoring 
operations. They find that the feedback from the unit tests may support faster refactoring 
but next to that inspecting, adapting, adding and running the unit tests adds to the time 
needed to do a refactoring, in total leading to longer times to do the refactorings as 
related to the situation without unit tests. 
 
In relation to the quality and refactoring, they did not witness that having unit tests 
available during refactoring increases the quality of the resulting production code. Their 
investigation suggests that the relation between unit testing and refactoring in practice is 
less obvious than theory may predict. In particular, while there might be benefits from 
having unit tests available in terms of preserving correctness of the software system 
during development and maintenance,  they did not observe a link between a decrease in 
time and an increase in the quality of the resulting production code from having unit 
tests available during refactoring (Vonken and Zaidman 2012). 
 
 The study by Vonken and Zaidman (2012) does not completely un-veil the advantages 
of unit tests while refactoring. A common bias that appears in almost all controlled 
experiments is the presence of extra consciousness among the subjects. The reasons for 
such results could be, that developers without unit tests, tested their code thoroughly on 
their own but at the same time did not have to adapt the unit tests, contributing to lesser 
development time. The importance of unit tests cannot be underestimated after going 
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through results of this study. Such experiments should be performed on real projects 
where participants are not aware of their participation. 
 
2.3.5. What is the impact of refactoring on testing effort? 
 
The test taxonomy proposed by van Deursen and Moonen (2002) showed that a 
refactoring in relation to its affect on the test code may be categorized as: compatible, 
backwards compatible, make backwards compatible and in-compatible.  Except the first 
category, all other types of refactorings require additional cost and effort to adapt unit 
tests to make them aligned with refactored code. Some also believe that refactoring does 
not provide immediate benefit unlike new features or bug fixes and incurs the risk of 
functionality regression and increased testing cost (DuBois and Mens 2003). 
 
According to another study (Rachatasumrit and Kim 2012) automated refactoring often 
introduces a large amount of coordinated edits throughout the system, a large proportion 
of existing tests may too be affected by the edits and thus must be re-run for the new 
version. To understand the extent of regression errors potentially correlated with 
refactoring edits, the authors measured the regression tests covering the location of 
refactoring edits. Almost 50% tests failed due to refactoring edits. They also 
investigated the types of refactorings relevant to these failed tests. Most of these 
refactorings were intra-method refactoring edits such as remove control flag, inline 
temp, introduce explaining variable, etc (Fowler 1999).  
 
The authors speculate that these refactoring edits are often done manually by 
programmers without an automated tool. This indicates the needs to have automated 
refactoring validation and test augmentation techniques that target intra-method 
refactoring edits. These results compliment existing effort to understand the link 
between refactoring and testing (Counsell and Swift) and call for new regression test 
augmentation and selection techniques geared to validating refactoring edits (Bavota et 
al.2012). 
 
Testing effort can also be measured with the help of internal quality metrics (Bruntink 
and Van Deursen 2006). Bruntink and van Deursen (2006) identified and evaluated a set 
of object-oriented metrics that can be used to estimate the testing effort of the classes of 
object-oriented software. Lines of Code for Class (LOCC) and Number of Test Cases 
(NOTC) are used to represent the size of a test suite, while Depth of Inheritance Tree 
(DIT), Fan out (FOUT), Lack of Cohesion on Methods (LCOM), Lines of Code (LOC), 
Number of Children (NOC), Number of Fields (NOF), Number of Methods (NOM), 
Response for a Class (RFC), and Weighted Methods per Class (WMC) are used as 
predictors to predict/estimate the size of a test suite. In their experiment, they used five 
case studies of Java systems for which JUnit test cases exist. They were able to find a 
significant positive correlation between object-oriented metrics (RFC, FOUT, WMC, 
NOM, and LOC) and the size of a test suite (LOCC and NOTC). They concluded that 
RFC, FOUT, WMC, NOM, and LOC are indicators for testing effort. 
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Elish and Alshayeb (2009) proposed a classification of refactoring methods based on 
their measurable effect on (i) internal quality metrics and (ii) software testing effort 
which is one of the external software quality attributes. These metrics can help the 
software developers decide which refactoring methods can help in optimizing a software 
system with regard to the testing effort. The classification is done by mapping the 
changes in the internal quality metrics, caused by applying refactoring methods, to the 
testing effort based on study presented in (Bruntink and Van Deursen 2006) that shows 
a positive correlation between the testing effort and RFC, FOUT, WMC, NOM, and 
LOC metrics. The resulting classification indicates that “Encapsulate Field”, “Extract 
Method”, and “Consolidate Conditional Expression” increase the testing effort, while 
“Extract Class” reduces the testing effort. Additionally, “Hide Method” has no effect on 
the testing effort at all.  
 
One solution is restricting refactoring exercise to those refactorings that do not impact 
unit tests at all (van Deursen and  Moonen 2002) (van Deursen et al. 2001) (Counsell et 
al. 2006, 2007, 2008). A few researchers (MirzaAghaei et al 2010) (Garrido and 
Meseguer 2006)(Bruntink and Van Deursen 2006) have suggested metrics  to judge the 
testing effort. Nonetheless, the research effort should be diverted towards suggesting 
practical solutions to decrease the testing effort associated with changes in the 
production code. 
 
2.4. Difference between Unit Tests and Production Code 
 
2.4.1. How is an ordinary client different from a unit test in the context of refactoring? 
 
Test code that exercises a given class is usually not considered any different from other 
clients of that class. There is a need to correct this misconception about code and test 
code in the context of refactoring. There are discriminating characteristics between these 
two that are still unexplored. For Example:  
 

1. What is the nature of coupling between unit tests and production code as 
compared to clients? 

2. Implementing unit tests often leads to a parallel hierarchy of classes. Whereas in 
production code, parallel class hierarchies (Fowler 1999) indicate bad design. Is 
it also true for the test code? 

3. Structural or textual changes may occur due to refactoring throughout the code. 
What is the difference between the nature of the changes required in the test and 
client codes? 

 
 The basis for this thesis is that unit test is a specialized client. Therefore, differences 
between ordinary clients and unit tests are explained in detail in chapter 5. 
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2.4.2. How refactoring production code is different from refactoring unit tests? 
 
Like refactoring production code, refactoring test code also involves identification of 
distinct bad smells and additional test-specific refactorings. Test smells (van Deursen et 
al. 2001) indicate violation of design principles in test code. Test refactorings help 
remove these smells with a combination of refactoring guidelines from Fowler (1999) 
and with a set of additional refactorings, involving the modification of test classes, ways 
of grouping test cases, and so on (van Deursen and Moonen 2002). 
 
When a refactoring is done in production code, the unit tests can be used to check if the 
behavior of the refactored code is preserved. But when the refactoring is made in a test 
code, the concept of behavior is different from the production code and creating tests to 
verify the test code behavior doesn’t seem right. The production code behavior includes  
the program output, like return values, changes in variables and effects on external 
resources. In a unit test an initial context is developed to verify the behavior of 
production code. Then the tested functionality is performed and the effects of its 
execution are checked by using assertion functions (van Deursen and Moonen 2002) 
(Guerra and Fernandes 2007). 
 
As the ideal test to production code ratio approaches 1:1, therefore it is quite logical that 
refactoring of production code would require refactoring in unit tests as well (van 
Deursen et al. 2001). On the other hand, unit test should not affect the application code 
after its execution because the test code is meant to perform only verification in the 
application code. To guarantee a safe test code refactoring, there should be a way to 
verify the behavior preservation of the test code. The concept of test code behavior can 
be understood after exploring the test suite structure and its verification process. Using 
this concept, it can be made possible to verify if a test code refactoring changes the 
functional behavior of the test code; in other words, to verify if it changes the unit test 
behavior (Guerra and Fernandes 2007). The definition and verification of test code 
behavior is still an under researched topic. 
 
2.5. Effect of Refactoring on Unit Tests 
 
2.5.1. In what ways refactorings affect unit tests? 

 
Availability of a sufficient unit test suite helps the developers by providing immediate 
feedback if something breaks in a system due to any change. A disadvantage of having 
many tests, however, is that changes in functionality may lead to changes in the test 
code as well (van Deursen et al. 2001). A few researchers have analyzed the impact of 
refactoring on unit tests (van Deursen and Moonen 2002) (Link and Frohlich 2003) 
(Basit et al 2010) (Guerra and Fernandes 2007).  
 
Refactorings done at statement level or inside a method body have no impact on the test 
suites because unit tests are normally black-box tests (Link and Frohlich 2003) (Guerra 
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and Fernandes 2007). However, refactorings involving the interface of the class can lead 
to broken clients and tests if proper adaptive actions are not taken. According to Guerra 
and Fernandes (2007) the test code refactoring should mirror the class hierarchy to 
conform the test class hierarchy to the new application class hierarchy.  
 
Guerra and Fernandes (2007) have defined and categorized test code refactorings at 
different levels of abstraction in test code. They demonstrate that refactoring production 
code may lead to various types of test code refactorings or restructurings. The criterion 
for their application is the refactoring scope. A refactoring may require change inside a 
test method, inside a test class or structural refactoring of test classes. This classification 
is important for the analysis of the observable behavior of test codes, because each kind 
of test code refactoring has a different way to verify the equivalence of the original test 
suite and the refactored test suite. The simplest kind of refactoring in a test code is the 
one that occurs inside a test method. The main goal of this kind of refactoring is to 
simplify the test scenario and improve the readability of the test code.  
  
The class level refactorings deal with elements of a test class, test methods, 
initialization, finalization and fixtures. In these refactorings, the elements are rearranged 
inside the test class to avoid any kind of code duplication and make it easier to add new 
tests. Structural refactoring of test classes acts in another level of abstraction, dealing 
with inheritance of test classes and location of test methods. The goal of this kind of 
refactoring is to organize the unit tests in the test class hierarchy to minimize the code 
duplication and ease the addition of new tests.  
 
For example, renaming a method, class or package requires renaming of their 
corresponding test method, test class or test package respectively (Link and Frohlich 
2003). The references of the changed program entity in clients (both in production code 
and unit tests) have to be updated to reflect the new name.  The method extraction in 
production code may be followed by test method extraction. Class extraction requires 
movement of tests from source to extracted class’s unit test. Similarly, subclass 
extraction is followed by creation of a parallel hierarchy of test classes. In addition, after 
extraction of an independent class, some new tests related to the interaction of two 
classes might be required. On applying the Inline Class refactoring, some tests may get 
eliminated. In contrast to extraction, on inlining the tests related to the interaction of 
inlined and absorbing classes are removed (Link and Frohlich 2003). The clients of the 
inlined class have to be modified to refer to the absorbing class. On applying the Inline 
Method refactoring, all calls of that specific method in clients are replaced with the 
method body. But in the unit test the method call is not replaced instead the inlined 
method is tested by its absorbing method’s test. On pulling up the method to the parent 
class, test cases should also be moved to the parent’s test class if possible. On moving 
the method, its corresponding test code (test method/s and helper methods) should also 
be moved to the target’s test class.   
 
van Deursen and Moonen (2002) explore the relationship between refactoring and unit 
testing. They present a test taxonomy which categorizes refactorings based on their 
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impact on test code. A refactoring can be categorized as compatible, backwards 
compatible, make backwards compatible, and incompatible. We believe that the 
categorization is not accurate. For example, Preserve Whole Object and Extract Class 
(Fowler 1999) are refactorings that are listed as compatible i.e. they do not break the test 
code. But it can be easily demonstrated that these refactorings break the test code if 
proper adaptive actions are not taken. In addition, a refactoring can fall in one category 
or another depending upon certain developer’s decision. Hence, the categorization 
presented by Deursen et al. (2002) is not accurate and requires further study and 
clarification.  
 
Counsell et al. (2006) have evaluated the testing taxonomy proposed by Deursen et al. 
(2001) as mentioned above. They extend the latter by determining the inter-
dependencies of the refactoring categories and a refactoring dependency graph is 
developed for Fowler’s catalog (Fowler 1999). A shortened list of eight compatible 
refactorings is presented that excludes all the refactorings that may break unit tests. 
There are few problems in their approach. First, they suggest restricting refactoring 
exercise to those refactorings that do not break unit tests. Second, refactorings are 
wrongly categorized. Fowler’s catalog of refactorings includes many refactorings that 
may affect client and unit test but these are essential to improve program structure. The 
need is to extend the guidelines such that they describe ways to preserve the behavior of 
the impacted components. 
 
Counsell et al. (2006) insist on avoiding Incompatible Refactorings since they destroy 
the original interface and therefore require large-scale modifications to the test code. 
Replace Constructor with Factory Method, Replace Type Code with State/Strategy, 
Replace Type Code with Subclasses are a few examples of the Incompatible 
refactorings. These and other refactorings of this category address most serious smells 
of the production code (Fowler 1999). Avoidance is not the solution here. The need is to 
extend the guidelines such that they qualify the definition of refactoring. The authors 
extend this work by analyzing the different paths in the dependency graph and their 
effect on eradicating the bad smells from the code (Counsell et al. 2007). Counsell et al. 
(2008) performed an empirical investigation to understand the usage frequency of the 
chains. The key result determined was that refactorings producing longer chains had less 
utilization by developers than refactorings with shorter chains.  
 
2.5.2. Do refactorings introduce test smells in test code or deteriorate quality of the test 
code? 
 
Several guidelines have been proposed to help developers write good test suites. 
However, such rules are not always followed resulting in the presence of bad test code 
smells (or simply test smells). Test smells have been defined as poorly designed tests 
and their presence may negatively affect the maintainability of test suites and production 
code (van Deursen et al. 2001) (Meszaros and Fowler 2007). 
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The concept of test smells was introduced by Van Deursen et al. (van Deursen et al. 
2001). A subset of existing code smells discussed in Fowler’s Catalog (Fowler 1999) is 
also applicable to unit tests. For example, long method, duplicated code etc apply to test 
code as well as they do to production code. The other category is defined by van 
Deursen et al. (2001), who identified eleven test code smells and ways to remove them 
through specific refactoring operations. These include Mystery Guest, Resource 
Optimism, General Fixture, Eager Test, Lazy Test, Indirect Testing, Assertion Roulette, 
Sensitive Equality, Test Code Duplication and For Testers Only. 
 
Meszaros and Fowler (2007) described the concept of test smells by explaining the 
reasons for test smells appear as well as their side effects. In (Bavota et al.2012) the 
authors empirically analyze the appearance of these smells in software systems and their 
impact on software maintenance. Van Rompaey et al. (2007) present a heuristic metric-
based approach for identification of the General Fixture and Eager Test bad smells. 
TestLint (Reichhart et al 2007) is a rulebased tool for detection of static and dynamic 
test smells in smalltalk SUnit code. TestQ (Breugelmans and Van Rompaey 2008) is a 
reverse engineering tool which detects test smells through static source code analysis. 
They also emphasize on the need for empirical study to further characterize test smells, 
their interaction, and their impact on maintainability (Bavota et al.2012). In spite of the 
research done on test smells, there is still room to explore the relationship between 
different refactorings and test smells.  
 
2.6. Tool support 
 
2.6.1. Do refactoring tools syntactically break unit tests? 
 
A refactoring may break a test because it can change the interface that the test expects 
(van Deursen and Moonen 2002). The interface extends to all visible aspects of a class 
(fields, methods, and exceptions). This implies that one has to be careful with tests that 
directly inspect the fields of a class since these will more easily change during a 
refactoring. As discussed in the previous research question, refactoring affects test code 
in various dissimilar ways (van Deursen and  Moonen 2002)(van Deursen et al. 2001) 
(Counsell et al. 2006, 2007, 2008) (Meszaros and Fowler 2007)(Link and Frohlich 
2003). Various tools and prototypes have been developed to help developers fix the 
syntactic issues in the unit tests occurred due to changes in the production code.  
 
TestCareAssistant (MirzaAghaei et al 2010) is implemented as a Java prototype that 
provides automated guidance to developers for repairing test compilation errors caused 
due to changes such as adding, removing or changing types of parameters and return 
values of methods. ReAssert (Daniel et al 2009) repairs assertions in test code by 
traversing the failure trace. It performs dynamic and static analysis to suggest repairs to 
developers. CatchUp! (Henkel and Diwan 2005) adapts clients of the evolving 
Application Programming Interfaces (API). The tool captures API refactoring actions as 
the API goes through evolution. This tool takes care of only compilation errors that can 
appear in the clients due to a subset of refactorings performed on any API, and therefore 
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ignore the semantic errors that could be caused due to refactoring process. ReBA (Dig et 
al 2008) is another tool that instead of adapting the clients of the evolving API, creates 
compatibility layers between new library APIs and old clients. KABA ( Streckenbach 
and Snelting 2004) also includes all clients in the refactoring process. It guarantees 
preservation of behavior for the clients either through static analysis or all test runs 
(dynamic analysis) for any input.  
 
Chianti (Ren et al. 2004) also analyzes the impact of any change in Java programs, It 
compares two versions of a software application i.e. an earlier version prior to change 
and a later version after the change is performed. This tool analyzes the change in the 
system as a sequence of atomic refactorings similar to the primitive refactorings defined 
by Opdyke (1992). Then the impact occurred due to change is reported in terms of 
affected regression or unit tests. The tool also isolates the changes that caused the failure 
of a particular unit test. It also provides an effective aid to detect cause of test failures 
via debugging. The tool helps in the identification of affected locations but does not 
provide any guidance on how to adapt in a particular scenario. 
 
JUNITMX (Wloka et al 2009) is another change aware tool that uses the functionality of 
Chianti (Ren et al. 2004) to subdivide the difference between the former and later 
version of a software application into atomic changes. This tool extends its functionality 
by introducing the concept of computing dependencies between atomic changes after 
difference decomposition. Later, the impact is classified by mapping atomic changes 
with call graphs to compute behavioral effects of every atomic change. The changes are 
either classified covered by the test or not covered. The tool provides developers with 
feedback and information about change effects, which facilitates the creation of more 
effective test leading to required test coverage. JUNITMX, similar to Chianti offers 
identification of required changes but does not provide any support for adaptation of 
these tests following patterns and guidelines in given scenarios. Moreover, when 
analyzing the impact of refactoring of test code, coverage should not be a concern as the 
refactoring process only alters the internal structure and does not add any feature to the 
system. These tools majorly deal with the resolution of compilation errors and do not 
contribute in the improvement of structure and therefore quality of the system. 
 
2.6.2. Do refactoring tools introduce semantic errors in the code? 
 
In a field study performed to judge refactoring benefits and challenges at Microsoft 
(Kim et al. 2012), it was revealed that the refactoring definition in practice is not 
confined to a rigorous definition of semantics-preserving code transformations. Also, 
developers perceived that, in addition to the usual benefits, refactoring involves 
substantial cost and risks. 46% developers did not mention preservation of behavior, 
semantics, or functionality in their refactoring definition at all. Also according to 
Johnson (2011),  refactoring does not preserve behavior in all aspects. Refactoring often 
leads to broken code or change in the interface (Basit et al 2010). Therefore, generally 
developers avoid refactorings that require change in the expected interface of the clients. 
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Developers rely on compilation and tests to assure behavior preservation. Compilation 
errors are simple to detect by IDEs. However, as discussed earlier test suites are usually 
not helpful with catching behavioral changes in the refactoring context, because the test 
suite itself may also be affected due to refactoring in the production code. 
 
Soares et al. (2009) proposed a technique for generating a set of unit tests that can be 
useful for detecting semantic errors after a sequence of object-oriented program 
refactorings. They have also evaluated the refactoring support provided by the IDEs 
including Eclipse (2011), IntelliJ IDEA (2011), JBuilder (2011) and NetBeans(2011). 
They observed that program refactorings in these IDEs are implemented in an ad hoc 
way and the semantic aspects of behavior are not always preserved. Although the 
proposed approach helps in the elimination of semantic errors, regeneration of unit tests 
can be very expensive for complex and huge software systems. SAFEREFACTOR 
(Soares et al 2009, 2010) is a tool for detecting behavioral changes in program 
transformations. This tool generates unit tests for sequential object-oriented Java 
programs that are useful for identifying semantic errors, especially for within refactoring 
tools. It generates tests for the common parts of the source and target versions of a 
program – they represent the program before and after applying the refactoring, 
respectively. In order to avoid refactoring the test suite, this tool only generates tests that 
can be run both in the source and target programs. This increases the probability in 
finding errors.  
 
The existing refactoring tools do not evaluate all preconditions for executing safe 
refactorings. First, there is a need for identification of initial conditions for all 
refactorings, later, these can be implemented in the tools for avoidance of semantic 
defects. 
 
2.6.3. Which tool provides better automated support for evolving unit tests after 
refactoring? 
 
Not all tools provide complete automatic adaptation of clients and unit tests. Therefore, 
developers sometimes need to manually update the affected components in the software 
system (Mealy and Strooper 2006) (Murphy-Hill et al. 2009). This issue has not 
received enough attention from the research and development community. According to 
a survey (Kim et al. 2012) conducted at Microsoft, on average developers perform 86% 
of their refactorings manually. Excluding the Rename refactoring, 51% of developers do 
100% of their refactoring manually despite the awareness and availability of automated 
refactoring tool support. The responses from that survey indicated that the investment in 
tool support for refactoring must go beyond automated code transformation, by 
including support for validation of program correctness and other features as well. 
 
Participants also mentioned that, when a test suite is inadequate, there is no safety net 
for checking the correctness of refactoring. Thus, it often prevents developers from 
initiating refactoring effort (Basit et al 2012c). According to the results of this survey, 
29% of developers mentioned a lack of tool support for refactoring change integration, 
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code review tools targeting refactoring edits, and sophisticated refactoring engines in 
which a user can easily define new refactoring types. 28% of developers pointed out 
inherent challenges such as working on large code bases, a large amount of inter-
component dependencies, the need for coordination with other developers and teams, 
and the difficulty of ensuring program correctness after refactoring 
 
In spite of the importance of unit tests, they are usually not updated with the evolving 
production code. It happens because the cost and effort involved in adapting unit tests to 
keep them consistent with the refactored code is huge. However, unit tests represent a 
significant software effort and investment (Meszaros and Fowler 2007) (Link and 
Frohlich 2003) (Basit et al 2010) (Beck 2000). Therefore, it is important to align them 
with the refactored code. Hence, any process affecting the production code should also 
readily adapt the associated clients and the test code (van Deursen and Moonen 2002) 
(Pipka 2002). 
 
Zaidman et al (2008) retrospectively explore the co-evolution of production and test 
code by mining a version control system (VCS). Their research revolves around the 
possibility to establish the co-evolution process between developer tests and the 
corresponding production code. They explore (1) whether the co-evolution between test 
and production code happens synchronously or is it phased (2) whether an increased 
test-writing activity be witnessed right before a major release or other event in the 
project’s lifetime, (3) possibility for detecting testing strategies and (4) relation between 
test-writing activity and test coverage. 
 
According to Walter and Pietrzak (2004), use of regression tests for verifying behavior 
preservation is not well suited for applying refactorings. Because, the tests verify the 
domain-specific code relations, and often neglect properties important for the given 
refactoring or check the ones that actually change. Therefore, they present a concept of 
generic refactoring tests, which are oriented toward the refactorings rather than the code. 
They can be generated automatically, are able to adapt to changes introduced by 
refactorings and learn the specifics of the tested code. 
 
Katić and Fertalj (2009) have evaluated commonly used refactoring tool support for 
behavior tests, code preservation and history of performed refactoring. They are of the 
opinion that tools integrate with most common testing environments and they are able to 
automatically search for unit and integration tests, but still not able to generate test cases 
based upon performed transformations. Table 2.1 displays a few refactoring tools along 
their features. 
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Table 2.1. Refactoring tools and their features 
 

Refactoring Tool Supported Languages Features 
Refactoring Browser 
(Roberts et al. 1997) 

Smalltalk It is a semi automated tool, it preserves 
behavior only when a set of 
preconditions is provided. It does not 
provide any support for code 
preservation (i.e. undo/redo). Smalltalk 
provides a continuous change history. It 
does not provide complete automated 
support for test adaptation. 

Resharper (2009) C#, VB.NET, ASP.NET is a fully-automated tool. It provides 
support for automated search for all unit 
tests, integration for NUnit, MSTest etc. 
Code preservation support is also 
provided, all files with changes for 
editing must be opened. Refactoring 
history is also maintained. 

Refactor (2009)  C#,VB.NET,C++,ASP.NET It is a fully-automated tool, it does not 
support program behavior testing. Code 
do/undo is provided with IDE and on all 
changed files. It does not maintain 
refactoring history. 
 

nDepend (2009)  .NET code base It is a semi-automated tool. It does not 
integrate tests with production code. It 
does not support code preservation and 
also does not keep track of refactoring 
history. 
 

Refactort (2011) C++, Java It is a Semi-automated tool. It is not a 
stand-alone tool but can be used as an 
add-in for example, JUnit can be 
combined with it. It provides undo/redo 
feature for all changed files and also 
maintains refactoring history. 

Eclipse (2011)  
 

C++, Java It is a fully-automated refactoring tool. It 
integrates unit testing frameworks like 
JUnit with production code very easily. 
It provides code preservation on all 
changed files and only in the case when 
files are not modified and saved. It 
maintains refactoring history. 
 

IntelliJ Idea (2011) 
and JBuilder (2011) 

Java These are fully-automated refactoring 
applications, support automated search 
for all unit tests, integration for JUnit, 
TestNG, code preservation and change 
history. 
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According to Soares et al (2009), Mealy and Strooper (2006), Moonen et al (2008), 
Katic and Fertalj (2009), Ekman et al. (2008) even though there are plenty tools 
developed, refactoring tool support is still immature. Mature refactoring tool should 
support all steps of the refactoring process i.e. be fully-automated, should preserve 
program behavior and provide support for program behavior tests including automated 
tests generation.  
 
2.7. Summary 
 
The contradicting evidence on refactoring benefits motivated us to conduct the study on 
the perceived value of refactoring and its impact on unit tests. Although commercial 
refactoring tools are being used very frequently, there are still a lot of open issues that 
remain to be solved. In general, there is a need for formalisms, processes, methods and 
tools that address refactoring and unit testing in a more consistent, generic, scalable and 
flexible way. In this chapter we raised a number of open questions, from a fundamental 
as well as from a practical perspective on the relationship between refactoring and unit 
testing. We have tried to answer all of these questions in this thesis within the scope of 
the problem.  
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Chapter 3 
 
Practices in Software Refactoring and 
Unit Testing – An Expert Survey  
 
 
3.1. Introduction 

In this chapter, we carry out an analysis on our online questionnaire-based survey  
conducted on refactoring and unit testing practices and preferences in academic and 
industrial software development. The target respondents were individuals who had 
actively participated in research and development activities concerning program 
evolution or refactoring in the recent past. Although other surveys have been conducted 
on refactoring or unit testing in the past (Runeson 2006) (Kim et al. 2012), our survey is 
unique in its nature because, to our knowledge, it is the only one that focuses on the 
exact relationship between refactoring and unit testing. There also exist a few studies 
(Soares et al 2009,2010) that report problems with refactoring support but to our 
knowledge, there are no detailed investigations with such a perspective. In contrast, our 
study aims to point out directions for future research within software refactoring and 
unit testing. 

The majority of respondents to our online survey judged these issues as being of high 
importance for industry and academia. The results reveal notable gaps between 
preferred and actual practices and features provided by refactoring tools. The findings of 
the survey emphasize the need to address these discrepancies, thus improving the overall 
quality and efficiency of the software development process.  

In this chapter we present the survey design and analyze the results against our research 
questions. We use metrics to evaluate the dissatisfaction level of certain refactoring tool 
characteristics. We share the results from non-parametric statistical Mann-Whitney U-
test to compare the responses of Eclipse users as opposed to respondents that did not use 
Eclipse.  

3.2. Survey On Practices Associated With Refactoring And Unit 
Testing 

The intent of refactoring should be (1) improvement in the internal structure and (2) 
behavior preservation including appropriate resolution of syntactic and semantic errors 
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caused due to refactoring, in all the components of a software system including clients 
and unit tests.  The existing state-of-the-art and tool support does not completely satisfy 
these conditions for both production code and unit tests. Hence, behavior is usually not 
preserved and quality of the unit tests deteriorates (Bannwart and Müller, 2007) (Guerra 
and Fernandes 2007) (Soares et al 2009,2010) (Basit et al 2012b,2012a,2012c,2012d) 
(Kiran et al 2012) (Beck 2002).   

 Our survey aims to evaluate the state of the practice and satisfaction level of researchers 
and developers from the perspective of refactoring and unit testing. To analyze the data 
from multiple dimensions, various questions related to respondents and their individual 
practices towards unit testing and refactoring practices were included in the survey. Our 
method includes the usual steps of conducting a questionnaire-based survey: 
questionnaire design, pre-trial of questionnaire, sampling, initial contact, and later data 
collection and analysis.  
 
3.3. Questionnaire Design  

The survey was performed using a web-based questionnaire (see Appendix B). To keep 
the respondents interested in the study, a limited number of questions were included in 
the survey. Most of the questions were partially open-ended, so that respondents could 
create their own response if choices did not represent their preferred one. The ‘other’ 
option in such questions helped in generation of new ideas about the topic. The 
questions which had only a fixed number of options were kept closed. There were in 
total 28 questions, distributed into three categories: demographics (6), refactoring (15), 
unit testing (7) and a final question asked for feedback on the survey. Before giving it to 
respondents, the questionnaire was validated by 4 experts and a few amendments were 
made based on their suggestions. The survey was designed as a cross-sectional and 
controlled survey.  

In Table 3.1 we have listed the research items in the questionnaire, we have mapped 
each question to an aspect of our problem statement. Additionally,since these questions 
are derived from the research questions documented in the literature review (see Chapter 
2), we have also mentioned the associated subsection from Chapter 2 in the third column 
of the table. As discussed earlier, we found very limited work on relationship between 
refactoring and unit tests in the literature. We tried to incorporate the aspects of 
refactoring and unit testing in our questionnaire that required attention from the research 
and development community. 

Respondents had to provide their opinion by selecting one of the options from a given 
scale of answers against each question. Two different scales (with 5 or 4 divisions) were 
used in our survey depending on the type of question. The 5-scale options represent: 
“Strongly Agree”, “Agree”, “Neutral”, “Disagree” and “Strongly Disagree”. For certain 
analyses, 5-scale answers were mapped to numerical values in the (0, 4) interval.  This  
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Table 3.1: Research Question Design 
 
Problem 

area 
Research Questions Derived 

from 

Im
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an

ce
 

of
 u

ni
t t
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ts

 RQ0.1: How frequently do you perform unit testing? 
RQ0.3: For which classes in the system unit tests generally written 
for? 
RQ0.4: How are unit tests maintained physically? 
RQ2: Are unit tests developed as a parallel hierarchy to the 
production code are easier to maintain? 

2.3.2 

U
ni

t t
es

ts
 

an
d 

re
fa

ct
or

in
g RQ0.2: How frequently do you perform unit testing after 

refactoring? 
RQ1: Is a good unit test suite required to ensure behavior after 
refactoring? 

2.3.1 
2.3.3 
2.3.4 
 

Fe
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d 

w
ith

  
re

fa
ct
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g 

RQ3: Are developers afraid of performing bigger refactorings as 
opposed to smaller ones? 
RQ4: Developers feel reluctant in performing refactorings that 
require change in the interface? 
RQ5: Developers feel reluctant in refactoring automatically, as it 
may break the clients or unit tests? 
RQ13: Which refactorings are most frequently used? 

2.5.1 
2.6.1 
2.6.2 

R
ef

ac
to

ri
ng

 to
ol

s 
in

tr
od

uc
e 

de
fe

ct
s  

 RQ6: Do refactoring tools introduce syntactic errors in the unit 
tests? 
RQ12: Do refactoring tools provide no support for fixing syntactic 
errors in the unit tests? 
RQ7: Do refactoring tools introduce semantic errors in the unit 
tests? 
RQ8: Do refactoring tools introduce semantic errors in the clients? 
RQ15: Should refactoring tools be improved to include steps on 
client and/or unit test adaptation? 

2.2.3 
2.3.5 
2.4.1 
2.6.1 
2.6.2 
2.6.3 

R
ef

ac
to

ri
ng

 to
ol

s 
de

te
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or
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e 
qu

al
ity

 

RQ9: Do refactoring tools deteriorate the quality attributes of the 
software instead of improving it? 
RQ10: Do refactoring tools introduce test smells in the unit tests 
like lazy tests, indirect tests etc? 
RQ11: Do refactoring tools provide no support for reorganizing 
unit tests? 

2.2.1 
2.5.2 

Fo
w

le
r’

s 
C

at
al

og
 RQ14: Should Fowler’s catalog be extended to include steps on 

client and/or unit test adaptation? 
2.2.2 
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would mean that a “0” value should be interpreted as the respondent strongly agrees 
with the statement provided in the question, whereas a “1” should be interpreted as the 
respondent agrees and so on. 

3.4. Research Sample 

To ensure the integrity of the results, participation tokens were created for selected 
individuals. Invitations were sent to 100 expected participants of the survey. Most of the 
participants belonged to technologically advanced countries as can be seen in Figure 
3.1. We selected the expected participants from the following: 

1. Authors of research papers on topics related to refactoring and/or unit testing. 
2. Research and development groups working on refactoring and/or unit testing 

support. 
3. Academics working in reputable universities teaching refactoring and/ or testing 

or related subjects. 
 

 
 

Figure 3.1. Participation (%age) from various countries 
 

3.5. Data Collection 

The response rate was 38%, which is an acceptable rate for this type of survey 
(University of Wisconsin – Madison 2010). Most of the respondents used Java for 
development. 76% respondents used Eclipse, 39% respondents used other tools and 18% 
respondents performed refactorings manually. 42% respondents worked in software 
development organizations of all sizes, where as others were involved in research and  
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development activities at universities. 74% participants had an advanced or expert level 
of refactoring knowledge. 58% respondents had above 5 years of IT experience. Unit 
testing was performed “mostly” by 66% and “sometimes” by 32% respondents. It is 
expected that the percentages of refactoring and unit testing knowledge and use are high 
because the respondents were preselected based on their contributions in this domain. 
We believed that this type of respondents could give us a better judgment on the 
research problems with the help of their knowledge and experience as compared to a 
bigger number of respondents with lesser understanding and exposure to the 
investigated issues. The data from the survey was analyzed to answer several research 
questions. The results are summarized in the Table 3.2 and discussed below. Due to the 
limited number of respondents to the survey, we cannot claim any statistically 
significant results, so we only provide anecdotal evidence backed up by expert opinions. 

 
3.6. Analysis of Research Questions 

Figure 3.2 summarizes the responses to the first 12 research questions. These responses 
are discussed in more detail below. 

RQ0: What is the state-of-the-practice in unit testing? 

Unit testing means testing the smallest separate module in the system. Some people 
stress that it’s the smallest specified module, but opinions differ about the need for 
specifications (Kiran et al 2012). 

 
 

Figure 3.2. Results of the survey for RQ1 to RQ12 
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Unit testing practices followed in software projects can be an indicator of the 
organizations’ commitment to deliver quality products. In Table 3.2, we lay out the 
findings on the respondents’ stance towards unit testing.  

RQ0.1: How frequently developers perform unit testing? 

It can be seen from the results for sub-question RQ0.1 that in spite of tight schedules 
and limited budgets, unit testing is always performed by 66% respondents and 
sometimes by 32% participants.  

RQ0.2: How frequently developers perform unit testing after refactoring? 
 
When a test suite is inadequate, there is no safety net for checking the correctness of 
refactoring. This often prevents developers to initiate refactoring effort. Even if the test 
code is complete, refactoring may break the test code, making it difficult for developer 
to test (Kim et al. 2012). In spite of the usefulness of unit tests, even the main 
proponents of unit testing consider creation and maintenance of unit tests a necessary 
evil (Feathers 2004). The focus group in Per Runeson’s unit testing survey (Runeson 
2006) also named documentation as a problem. 

Their proposed solution was test automation and adding incentives for keeping the test 
scripts up-to-date. According to the results of our survey, to verify the program 
correctness after refactoring, unit testing is “always” performed by 42% participants. 
However, 47% respondents “sometimes” verify the impact of refactoring with the help 
of unit tests. 11% respondents “never” verify their systems with the help of unit tests. A 
few comments from respondents that do not always perform unit testing after 
refactoring are: 

• “I do not verify every single refactoring, of course. Just run tests before 
committing changes” 

• “Typically, when modifying source code, I combine refactorings with other 
source code changes, so there is no clear separation between the refactoring 
and the modification activity. After each set of modifications (including 
refactorings) the unit tests are run again to assure everything works correctly. If 
not, the code or the tests are modified accordingly following the test-driven 
development process.” 

• “(I run tests) only for those personal projects, for which I have more time.” 

 



36 
 

• “If I am applying a small refactoring in a piece of code that I have a good 
understanding, I may not apply the unit tests after that. Otherwise, I apply unit 
tests after refactoring.” 

• “I test the correct execution of automated refactoring with unit testing. The 
answer is no, I trust the refactoring tool.” 

RQ0.3: For which classes/methods developers write unit tests? 

Unit tests are written in dissimilar ways depending on the developers’ perception of unit 
test need of the project, availability of time and other resources. In an earlier survey on 
unit testing most people agreed that a unit test is technical test with in/out parameters 
and it focuses on separate functions (Runeson 2006). We inquired our respondents about 
the type of functions for which they write unit tests. Findings show that there is an 
approximately equal number of respondents that write unit tests for (1) all public 
methods in the system, (2) only complex methods in the system or (3) important usage 
scenarios only. A few comments on this discussion point were: 

• “It has nothing to do whether they are public or private. I create unit tests when 
I think it is worth. “ 

• “For production code: I create and run tests for all functional requirements.” 

• “When I do, I try to write unit tests for everything: classes, methods, private, 
public ... However, in my pet projects, I do not dedicate time to system / user 
tests” 

• “I create test cases for bugs which were found and fixed” 

• “We build research prototypes. For the ones we intend to maintain for a longer 
period we do create unit tests; for the throw-away prototypes we don't” 

RQ0.4: Where do developers create/maintain their unit tests? 

Developers specify unit tests either in the code, in separate self-defined test classes or in 
unit testing frameworks. Test automation and tailoring frameworks for unit testing are 
successful practices. These frameworks have made unit testing much easier, but they 
have integration problems (Runeson 2006). It can be seen from the responses in Table 
3.2 that, almost 71% respondents do use unit testing frameworks in their organizations 
whereas 29% respondents do not. Unit testing plays a major role in refactoring. It is 
usually considered the only safety net for verifying the effects of refactoring. Only two 
respondents disagreed with the statement.  
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Table 3.2: Survey Results 
 

 

 

 

 

 

 

 

About Respondents 
Job Description Prog.  Lang Organization size Expertise Years of Experience Refactoring tools 

Project/Product Manager  5 

Team Lead / Developer 11 

Student / Researcher  14 

Professor/ Lecturer 8 
 

C++  9 
JAVA  29 
C#  6 
Other 11 

 

Small (2-9) 16 
Medium (10-99) 12 
Large (100-999) 4 
Extra large (>999) 6 

 

Beginner 1 

Intermediate 9 

Advanced 17 

Expert 11 
 

0-2 7 
2-5 9 
5-10 11 
>10 11 

 

Eclipse 29 

Others 15 

Manual 7 

 

RQ0: Refactoring and unit testing practices performed in selected organizations  

RQ0.1Perform unit testing RQ0.2  Unit testing after refactoring RQ0.3  Unit tests are written for RQ0.4  Unit tests are maintained in 
Mostly 65.78% Mostly 42.11% All Public classes/ methods 34.21% Testing Frameworks 71.05% 
Sometimes 31.58% Sometimes 47.37% Complex Public classes/methods 31.58% User defined test classes 26.32% 
Never 2.63% Never 10.53% Important usage scenarios 34.21% Other 2.63% 
Opinion of chosen representatives from research and development sector on selected aspects of refactoring and unit testing  

 Strongly agree  Agree  Neutral  Disagree Strongly disagree  No Response Suggestion for improvements in Refactoring: 

RQ1 A good unit test suite is required to ensure behavior after refactoring. Adaptation of: RQ14: Guidelines RQ15:Tools 
52.63% 39.47% 2.63% 2.63% 2.63% 0.00% None 28.95% 5% 

RQ2 Unit tests developed as a parallel hierarchy to the production code are easier to maintain. Clients 7.89% 2.90% 
15.79% 42.11% 26.32% 10.53% 0.00% 5.26% Unit tests 5.26% 21.05% 

RQ3  Are developers afraid of performing bigger refactorings as opposed to smaller ones? Both 57.89% 71.05% 
34.21% 60.53% 2.63% 2.63% 0.00% 0.00% RQ13 : Frequency of refactoring usage 

RQ4 Developers feel reluctant in performing refactorings that require change in the interface. Rename Method 94.74% 
34.21% 36.84% 13.16% 10.53% 0.00% 5.26% Extract Method 84.21% 

RQ5 Developers feel reluctant in refactoring automatically, as it may break the clients or unit tests. Move Method 76.32% 
7.89% 68.42% 0.00% 10.42% 8.00% 5.26% Add Parameter 65.79% 

RQ6 Refactoring tools introduce syntactic errors in the unit tests. Remove Parameter 60.53 
7.89% 26.32% 10.53% 23.68% 21.05% 10.53% Pull up method 47.37% 

RQ7 Refactoring tools introduce semantic errors in the unit tests Move Field 42.11% 
2.63% 39.47% 28.95% 10.53% 7.89% 10.53% Pull up field 39.47% 

RQ8 Refactoring tools introduce semantic errors in the clients. Push down field 34.21% 
10.53% 39.47% 18.42% 7.89% 10.53% 13.16% Push down method 28.95% 

RQ9 Refactoring tools deteriorate the quality attributes of the software instead of improving it. None of these 2.63% 
0.00% 5.26% 18.42% 23.68% 42.11% 10.53% Feedback on the survey 

RQ10 Refactoring tools introduce test smells in the unit tests like lazy tests, indirect tests etc. Addresses an important problem in 
industry  83.68% 5.26% 18.42% 21.05% 23.68% 10.53% 21.05% 

RQ11 Refactoring tools provide no support for reorganizing unit tests. The identified issues 
are insignificant 2.63% 

26.32% 44.74% 10.53% 5.26% 0.00% 13.16% 
RQ12 Refactoring tools provide no support for fixing syntactic errors in the unit tests. Neutral Response 13.68% 

10.53% 18.42% 34.21% 10.53% 15.79% 10.53% 
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RQ2: Are unit tests developed as a parallel hierarchy to the production code easier to 
maintain? 

The way test code is written heavily depends on the features provided by the unit testing 
frameworks. For example, with JUnit 4 it is very easy to write tests in the same classes 
as where the code resides. But this style of writing test code within code affects the 
readability and therefore the maintainability of the code.  The other way of writing tests 
is by developing a parallel hierarchy of classes, where every class has a 
corresponding test class (Link and Frohlich 2003) (Basit et al 2012c). Consequently, 
there emerges an inheritance chain of corresponding unit test classes, paralleling the 
classes being tested. While it is by no means necessary, it makes things much simpler if 
unit tests are set up in a hierarchy parallel to the software under test. For instance, when 
the Pull Up Method refactoring is applied in the production code; the corresponding test 
code can be pulled up in the parallel hierarchy of test code in a more organized manner. 
Whatever framework is used, it is possible to maintain a parallel hierarchy.  We 
measured the respondents view on this issue on a 5-likert scale, only 11% respondents 
disagreed to this statement (see Table 3.2 and Figure 3.2).  

RQ3: Do developers feel reluctant while performing bigger refactorings as opposed to 
smaller ones? 

Bigger refactorings have more side effects as compared to smaller ones. Therefore, 
developers feel reluctant in performing these refactorings. According to the survey 
results, only one respondent disagreed with this phenomenon (see Table 3.2 and Figure 
3.2).   

RQ4: Do developers feel reluctant in performing refactorings that require change in the 
interface? 

Although the percentage of Eclipse users among respondents was large as compared to 
other tools, 71% participants responded positively and 11% disagreed  to this research 
question (see Table 3.2 and Figure 3.2).  

RQ5: Do developers feel reluctant in refactoring automatically, as it may break the 
clients or unit tests? 

Not all tools provide complete automatic adaptation of clients and unit tests. Therefore, 
developers sometimes need to manually update the affected components in the software 
system (Mealy and Strooper 2006) (Murphy et al 2006). But this issue has not received 
enough attention from the research and development community. According to a survey 
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(Kim et al. 2012) conducted at Microsoft, on average developers perform 86% of their 
refactorings manually. Excluding the Rename refactoring, 51% of developers do 100% 
of their refactoring manually despite the awareness and availability of automated 
refactoring tool support. The responses from that survey indicated that the investment in 
tool support for refactoring must go beyond automated code transformation, by 
including support for validation of program correctness and other features as well.  The 
results of our own survey are similar, 76% of the respondents agreed that they feel 
reluctant to perform refactorings automatically (see Table 3.2 and Figure 3.2). A few 
respondents commented on the statement. 

• “Breaking unit tests is a great way to validate whether the refactoring had the 
effect I intended.  Of course, support for multistage transformations (first the 
code, then the unit tests) would be preferable.” 

• “For complex refactorings. I always preview their effects before confirming 
them. Tools do not always guarantee behavior-preservation. Most of the time, 
for simpler refactorings, tools are ok.” 

• “Usually, I prefer to apply a refactoring automatically than manually. But since 
both may introduce behavioral changes, I also use unit tests” 

RQ6: Do refactoring tools introduce syntactic errors in the unit tests? 

45% people disagreed that refactoring tools introduce syntactic errors whereas almost 
21% respondents did not respond or were neutral towards this statement. In our opinion, 
the remaining 34% people who agreed had experienced such problems and maybe 
others did not. Also, if syntactic errors are introduced after refactoring, they are flagged 
by the compiler and thus resolved (see Table 3.2 and Figure 3.2).  

RQ7-8: Do refactoring tools introduce semantic errors in the clients/unit test? 

In contrast to the results of RQ5, only 19% disagreed that the refactoring tools introduce 
semantic errors in the clients including the unit tests. Semantic defects in the production 
code can be detected with rigorous testing. But identification and elimination of 
semantic defects from the unit tests is still an area under research (see Table 3.2 and 
Figure 3.2). 

RQ9: Do refactoring tools deteriorate the quality attributes of the software instead of 
improving it? 
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The intent of refactoring is to improve quality of the software. However, the 
implementation of refactoring techniques by tools may result in improvement of certain 
quality attributes and at the same time deterioration of others. For instance, before 
performing the Move Method refactoring in Eclipse, the target object is either sent as a 
parameter in the candidate method or in the other case the target class‘s object is 
declared in the source class. Here, we discuss the consequences of the latter scenario. 
The purpose of Move Method is to decrease the coupling and increase cohesion of the 
overall system including source and target classes. But generally refactoring tools for 
Java use the target class‘s object in the source class to call the moved method, instead of 
removing the association of source with client. This actually keeps the clients coupled or 
associated with the source, even after the refactoring. For instance, the call to the 
candidate method in the client class “sourceObj.methodToBeMoved()” is replaced by 
“sourceObj.targetObj.methodToBeMoved()”. In this manner externally observable 
behavior is preserved but improvement in the internal structure of the software system 
becomes doubtful. 

Additionally, along moving the method to the target, its corresponding test code should 
also be moved to the target‘s test class. By doing so, the association between the target 
and test source can be removed. None of the refactoring support in common IDEs takes 
care of these aspects of refactoring. As a consequence the coupling between objects is 
increased (see Figure 3.3). 

Some empirical studies have shown that the refactoring process may deteriorate 
software quality (Alshayeb 2009) and increase testing effort (Rachatasumrit and Kim 
2012). However, we can see from the survey results that 66% respondents did not agree 
with this statement (see Table 3.2 and Figure 3.2). The response percentage is 
reasonable, as in real life the quality of the software is not measured or analyzed after 
refactoring. And even if quality metrics would be measured, there is still a gap between 
what internal software quality metrics reveal and how the external quality is perceived 
by the developer or user. Objective metrics-based quality does not always report the 
same as subjective human-perceived quality. Several times developers feel that the 
quality is increased (from their personal point of view) even though quality metrics do 
not necessarily reflect this. Nonetheless, the fact that 39% respondents agree to this 
research question implies that the problem actually exists.  

RQ10: Do refactoring tools introduce test smells in the unit tests like lazy tests, indirect 
tests etc? 

The developer’s faith in refactoring to improve quality is not always easy to be 
challenged. However, the results of the survey evidently doubt the reliability of the 
refactoring tools, and Eclipse refactoring support in particular (as the majority of 
respondents used Eclipse). 
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Figure.3.3. A comparative view of a subsystem after Move Method refactoring using 
different approaches 

Unit tests written in an ad hoc manner are usually infected with test smells (van Deursen 
et al. 2001) (Meszaros and Fowler 2007) (Link and Frohlich 2003) (Wege and Lippert 
2001). Similar to refactoring, if only production code evolves and its corresponding unit 
tests are not adapted, test smells can be introduced (Basit et al 2012c). For instance if 
after applying Move Method refactoring, the test code for the moved method is not 
moved to the target’s test class, indirect test smells may be introduced. Similarly, on 
extracting methods, if the corresponding test code is not extracted, it may lead to lazy 
tests. The repsonses to the questions are 24% positive and 44% negative which are 
consistent with the results from RQ9. However, 32% Neutral or No Response was 
maybe due to a lack of awareness about test smells (see Table 3.2 and Figure 3.2).  

RQ11: Do refactoring tools provide no support for reorganizing unit tests? 

Certain refactoring tools for Java, including JBuilder and IntelliJ IDEA, provide the 
automatic adaptation of clients including unit tests. But, ideally, the structural changes 
performed in the production code should also be followed by certain Structural 
transformations in the corresponding test code. In general the refactoring support 
provided by Java IDEs do not provide this feature. Therefore, only 5% respondents 
disagreed to the statement (see Table 3.2 and Figure 3.2). 

RQ12: Do refactoring tools provide no support for fixing syntactic errors in the unit 
tests? 

A few tools, including JBuilder and IntelliJ IDEA, provide limited support for 
automatically updating references and method calls. But not all tools fix the syntactic 
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errors in the unit tests, including Eclipse. As we had a high representation of Eclipse 
users, the results convey more about Eclipse than about any other tools used by the 
respondents. There were an almost equal number of responses in favor of and against 
this statement. Surprisingly, 45% respondents were neutral or unaware of the problem. 
Unfortunately, we did not get any comments on this question; it would have been 
helpful to know the reason for such response to this question (see Table 3.2 and Figure 
3.2).  

RQ13: Which refactorings are most commonly used? 

Knowing the most and least frequently used refactorings has always been of interest to 
researchers. Therefore, various researchers have explored software repositories or 
surveyed software developers to get the favorite list of refactorings. The  most 
commonly used refactorings among our participants are Rename Method, Extract 
Method, Move Method and so on (see Figure 3.4).  According to an analysis ( “Eclipse: 
Most Useful refactorings” 2013) performed on a reasonably large data collected through 
Usage Data Collector feature of Eclipse, most commonly used editing commands were 
rename elements, extract getter setters, extract local variables, override methods, move 
element and extract methods. The findings of our survey confirm the results reported in 
previous studies (Counsel et al 2008)( “Eclipse: Most Useful refactorings” 2013), where 
it has been shown that smaller and simpler refactorings are performed more frequently 
by the developers. Rename Method, Extract Method and Move Method are the most 
frequently used. The results of this question are in compliance with that of RQ3, where 
most of the developers are reluctant in performing bigger refactorings as compared to 
small ones (see Table 3.2 and Figure 3.2).  

RQ14: “Improving the design of existing code" is Martin Fowler's famous catalog of 
refactoring guidelines. Should it include guidelines for addressing client adaptation,  
unit test adaptation,both or none of these? 

Most of the respondents agreed that the refactoring catalog must be extended to include 
the client and unit test adaptation perspectives. It is worth mentioning that almost 29% 
responses were not in favor of augmenting refactoring catalog with any of the specified 
aspects (see Table 3.2). A few respondents also commented that there is a need for a 
separate book that includes the additional guidelines and Fowler’s catalog is fine as it is. 
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Figure 3.4.  Results of the survey for RQ13 

It is encouraging that most participants had a consensus on the need for such a catalog. 
Therefore, the efforts of the refactoring research community should also be diverted 
towards the development of such a consolidated source of refactoring patterns and 
guidelines.  

According to one participant of the survey, “This catalog should not only include the 72 
refactorings reported by Fowler, but all the refactorings supported by the different 
IDE's, and how the different implementations differ, and so on. This is a very 
challenging problem since it requires a lot of concerted effort, and in addition the 
information is likely to evolve rapidly since the refactoring support evolves with every 
new release of every IDE. Hence achieving such an up-to-date catalog is perhaps not 
even realistic. A more realistic solution could be IDE-specific catalogs that are bundled 
with, and maintained with every new release of the IDE. This of course requires that the 
refactoring tool developers of the IDE take the effort and time of keeping the catalog up 
to date.” 

RQ15: Should refactoring tools be extended to support client or/and unit test adaptation 
or both? 
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Although we had a higher representation of Eclipse users (as can be seen from Table 
3.2), all categories of users agreed to have client and unit test adaptation features 
incorporated in their respective tools. 
 
3.7. Satisfaction On Current Refactoring Support 

In this subsection, we quantitatively analyze the satisfaction in the refactoring tools used 
by the respondents of the survey. Since most of the respondents used Eclipse, we can 
say more about Eclipse than any other tools. If one agrees that knowledge of required 
tool improvements is, to some extent, intrinsic within software development 
organizations, this information may provide valuable guidelines for future research 
directions in this area. Below, we will discuss dissatisfaction of current features rather 
than satisfaction. This might seem overly negative, but is rather an effect of measuring 
the absolute value of the difference between the perceived current and the preferred tool 
characteristics. Hence, a high value indicates a high degree of dissatisfaction. Here, 
individual dissatisfaction of current refactoring tool features is defined as the mean 
absolute difference between the perceived current and the preferred for all tool-related 
questions (RQ6 to RQ12) for a single respondent. Dissatisfaction among a category of 
respondents can be defined as the mean of all individual dissatisfactions. Formally, 
given the set of R respondents and the set Q of test related questions, the dissatisfaction 
dQ,R is defined by (Causevic et al 2010): 

 

Where cq,r and pq,r refer to the current and preferred response respectively for question q 
ЄQ as reported by the respondent r ЄR. For this analysis, we assigned 0-4 values to 5-
likert scale, where “strongly agree” mapped to 0 meaning that any particular respondent 
scored any specific tool characteristic “zero”. Similarly, “strongly disagree” will be 
mapped to 4, which is the maximum and therefore the most preferred. It is important to 
note that the value of |R| was different for each question because of  the “No Response” 
option available to the respondents for each question included in this analysis. In order 
to analyze the dissatisfaction with regards to a particular tool characteristic, denoted by 
dq,R we use a special case of the above equation, where q Є {RQ6 to RQ12} is the 
question on the refactoring tools and Q= {q}  
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Table 3.3: Dissatisfaction against research questions 
 

Research Question RQ6 RQ7 RQ8 RQ9 RQ10 RQ11 RQ12 
dq,R 1.74 1.97 2.36 0.85 1.8 3.06 2.2 

dQ,R (overall dissatisfaction of tools): 1.92 > 0 

As can be seen in Table 3.3, the tool users are least satisfied with the unit test 
reorganization feature and most satisfied with the quality improvement characteristic of 
refactoring tools. It is also obvious that the results provided in the descriptive statistics 
(Table 3.2) also complement the results in Table 3.3, as tool users have associated more 
dissatisfaction with semantic error injection in clients and unit tests. Nevertheless, there 
is also a high level of dissatisfaction related to syntactic error introduction and 
resolution in refactoring tools. The aggregate dissatisfaction level is also much higher 
than the lower bound of 0. Hence, we conclude that there is a need for improvement in 
the refactoring tools to increase the satisfaction level. But further investigation remains 
necessary to confirm that such conclusions are justifiable from a technological point of 
view. 
 
3.8. Eclipse Versus Other Tools 

76% respondents used Eclipse, 39% respondents used other tools and 18% respondents 
performed refactorings manually.Other tools include Netbeans,IntelliJ IDEA,JBuilder, 
Jdeodorant,Refactoring Browser,Pharo RB,Nautilus and Plus Manual. It is important to 
clarify that these percentages are not mutually exlusive. Some respondents selected 
more than one tool used during software development. If we categorize the responses in 
two mutually exclusive non-overlapping groups we had 28 Eclipse users and 7 
individuals not using Eclipse but some other tool. There were two individuals who did 
not use refactoring tools but only performed refactoring manually. Earlier, we have used 
descriptive statistics to infer our results. In order to verify that our discussion of the 
results was not influenced by the difference between the numbers of various tool users, 
we have applied Mann-Whitney U test, a non-parametric test for the comparison of two 
independent random samples. We will reject a hypothesis at significance level α = 0.05 
for the two-tailed test. 
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H0: There is no difference between the response set of Eclipse users (Group 2) and other 
tool users (Group 1) 

H1: There is significant difference between the response set of Eclipse users (Group 2) 
and other tool users (Group 1) 

RQ10 is the only test where we can reject H0 with a p-value < 0.05 (0.03 to be precise). 
This provides us with evidence to claim that the non-Eclipse users mostly disagreed that 
their preferred refactoring tools introduce test smells in their programs, implying that 
other refactoring tools are perhaps better than Eclipse for this feature. For all other 
research questions the p-value was greater than the specified level (α=0.05), so we 
cannot reject H0 (See Table 3.4). This is probably due to the limited number of 
respondents in our study. In order to achieve more statistically relevant results for these 
research questions, there is a need for more extensive surveying and investigation. 
 

Table 3.4. Mann-Whitney U applied on data collected against research questions 
 

RQ  Refactoring tools:   Group  
1 Value 

Group 2 
Value 

Group 1 
rank 

Group 2 
rank 

U P Accept 

RQ6 Introduce syntactic 
errors in the unit 
tests 

Median 2.000 2.500 16.0 19.5 107 
 

0.73 
 

H0 
Sum 17.00 62.00 135.0 495.0 

RQ7 Introduce semantic 
errors in the unit 
tests 

Median 2.000 2.000 22.5 22.5 108.5 
 

0.672 
 

H0 

Sum 14.00 49.00 136.5 493.5    
RQ8 Introduce semantic 

errors in the clients  
Median 1.000 1.500 12.0 18.0 110 

 
0.64 

 
H0 

Sum 11.00 47.00 114.0 516.0 
RQ9 Deteriorate the 

quality attributes 
of the software 
instead of 
improving it 

Median 4.000 3.000 27.5 15.0 131 
 

0.18 
 

H0 
Sum 25.00 84.00 159.0 471.0 

RQ10 Introduce test 
smells in the unit 
tests like lazy tests, 
indirect tests etc 

Median 3.000 2.000 27.0 16.0 148.5 
 

0.03 
 

H1 
Sum 21.00 55.00 176.5 453.5 

RQ11 Do not provide 
support for 
reorganizing unit 
tests  

Median 1.000 1.000 19.0 19.0 104.5 
 

0.793 
 

H0 

Sum 6.000 29.00 119.5 510.5    

RQ12 Do not provide 
support for fixing 
syntactic errors 
in the unit tests  

Median 3.000 2.000 27.5 18.5 142 
 

0.07 
 

H0 
Sum 20.00 51.00 170.0 460.0 
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3.9. Threats to Validity 

The first limitation of the survey was the limited number of respondents. We issued 
participation tokens of the survey to only targeted respondents who met the brief for the 
survey. We invited participants from universities and companies across the globe to 
control the integrity of the results. By looking at the contributions and activities of these 
individuals, we judged that they had enough knowledge in the area of refactoring and 
unit testing to understand and appreciate the problems described in the survey. As a 
result, the sample size was small. However, we value the quality of responses over their 
quantity. Keeping the survey open makes it difficult to segregate the actual data points 
from superfluous information. 

The other question that would arise in reader’s mind is: Are the results valid for all types 
of refactoring tools and programming languages? As far as the existing results are 
concerned the majority of respondents used Eclipse and Java, therefore the results are 
likely to be more useful for Eclipse developers using Java in comparison to other tools. 
However, we should take the results not as the ultimate response to refactoring and unit 
testing’s practices but rather as a starting point for a more in-depth discussion and 
analysis.  

In the analysis of results we have not reported the difference with respect to participant's 
experience, expertise, and organizational size. These demographics have also been 
obtained in the survey. We did not report the difference with respect to these attributes 
because there was 74% representation of individuals at advanced or expert level in this 
domain. Additionally, most of them had above 5 years of experience in software 
development.Therefore, we assume that survey results represent these individuals 
mostly.  However, it would have been interesting to see the difference in responses with 
respest to these criteria as well.  

 
3.10. Conclusions 

We carried out an online questionnaire-based survey with experts in refactorings and 
unit testing, and found that the refactoring definition in practice is not confined to a 
rigorous definition of semantics preserving code transformations and that refactoring 
involves substantial cost and risks. The main goal of this survey was to share our 
concerns related to existing refactoring support. We understand that that such studies 
and hence their results are very much influenced by the type of subjects and 
technologies involved. But it is very difficult to give a complete picture of the problem 
from all perspectives. In this chapter, we presented our results from a survey on selected 
issues of refactoring support. This work will not only help researchers in exploring new 
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research directions but it can also be helpful in a pedagogical setup for studying 
refactoring and its impact on unit tests. 

With our survey on refactoring and unit testing practices in the research community and 
industrial software development, we have identified a number of issues related to the 
performance and reliability of a few commonly used refactoring tools. Our analysis 
shows that, in general, respondents agree to most of the issues identified in the survey 
and hence desire improvement. While confirming many unidentified issues with the 
experts, our findings also highlight gaps between required and existing tool 
characteristics.This study identified various open research areas including the need for: 
evaluation of refactorings from the described perspectives, extension of refactoring tools 
and guidelines, identification of refactoring scenarios where the code quality diminishes 
instead of improving, and empirical studies to judge the reliability of refactoring tools. 
In general, we can conclude that all issues highlighted in this chapter regarding 
refactoring support need further investigation and attention of all refactoring tool 
developers.  
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Chapter 4 
 
Evaluating Refactoring Tools and 
Guidelines 
 
 
4.1. Introduction 
 

In the previous chapters, we briefly introduced Fowler’s refactoring catalog and issues 
associated with it. In this chapter, we have identified loopholes and  areas for 
improvement in Fowler’s catalog within the scope of our study. As a first step we 
devise a mutually exclusive categorization of Fowler’s refactoring guidelines to identify 
refactorings that affect the test code and/or production code. We show how refactoring 
guidelines can be extended to include test and client code adaptation. Later, we  
appraise a few commonly used refactoring tools that provide refactorings from Fowler’s 
catalog. With the help of examples we show how easily semantic errors can be injected 
in the code if refactoring process is not preceeded or followed by  rigourous evaluation 
of preconditions or postconditons respectively. In the end of this chapter, we share our 
results from the empirical evaluation of a few commonly used refactorings namely, 
Move Method, Pull Up Method and Push Down Method. 

4.2. Impact of Refactorings on Production and Test Code 
 
Refactoring is a systematic process of code transformation and restructuring such that 
externally observable behavior is not changed (Fowler 1999).  But in many cases due to 
obscure and imprecise refactoring guidelines the refactored code and unit tests may not 
retain behavior.   
 
van Deursen and Moonen (2002) presented a test taxonomy which categorizes 
refactorings based on their impact on test code. According to this taxonomy, a 
refactoring can be categorized as compatible, backwards compatible, make backwards 
compatible, and incompatible. We have identified various issues in this taxonomy. For 
example, Preserve Whole Object and Extract Class (Fowler 1999) are refactorings that 
are listed as compatible i.e. they do not break the test code. However, it can be easily 
shown that these refactorings break the test code if proper adaptive actions are not taken. 
Preserve whole object (Fowler 1999) does not affect the setup fixture (initialization 
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related test code) but affects the test code related to test execution. The list of 
parameters expected by the method is replaced by the object owning those attributes. 
Although this refactoring has been reported as ‘Compatible to the Test Code’ (van 
Deursen and Moonen 2002) but it breaks the test code by changing the list of 
parameters. For Example, 
 
      int low = daysTempRange().getLow(); 
      int high = daysTempRange().getHigh(); 
      withinPlan = plan.withinRange(low, high); 
 
After preserve whole object refactoring the withinRange method (Fowler 1999) expects 
the whole object instead of individual parameters. 
     
      withinPlan = plan.withinRange(daysTempRange()); 
 
Similar to the client code, test methods for withinRange would expect single object 
instead of multiple parameters. This would break the test code if proper adaptations are 
not be made in the test code as well. 
 
Similarly, Extract Method (Fowler 1999) is categorized as ‘Backwards Compatible’ (the 
one that extends the interface and requires addition of new test code). However, the 
mechanics of the refactoring suggest otherwise because there is no such step that 
requires exposing the extracted method to the clients. The extracted method may not be 
tested independently as it is invoked inside other methods. The extraction can be 
followed by making the method public but it is not the effect of the refactoring but only 
the developer’s decision. Every refactoring is performed against a formally defined code 
smell and it eradicates the code smell, keeping the external behavior intact. Predicting 
the actions of a developer before or after a refactoring can be helpful in many contexts 
but these predictions should not be considered as the impact of refactoring mechanics.  

In the existing test taxonomy by van Deursen and Moonen (2002) later appraised by 
Counsell et al.(2006) and empirically evaluated in (Counsell et al. 2007,2008), the 
authors present dependency graph of refactorings that portray the interdependence of 
different refactorings. They state that there are 126 chains out of 282 chains induced by 
the 72 refactorings (Fowler 1999) in which Extract Method appears. They have 
categorized all refactorings using Extract Method as ‘Backwards Compatible’. 
Wrapping up the entities to make the test code backwards compatible is not appropriate 
instead there is a need to provide patterns and guidelines to remove the bad smells from 
the roots of the production code.  
 
As the focus of our research is also on identifying the loopholes in refactoring 
guidelines from clients and unit tests perspective, we have categorized these guidelines 
based on their impact on these components of a software system. The purpose of this 
categorization is to target the potential problem areas in Fowler’s catalog.  
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In contrast to the existing categorization of refactoring guidelines, restricting refactoring 
exercise to only few refactorings that do not break unit tests is not the right solution. 
Additionally, encouraging developers to make code backwards compatible is also a 
temporary solution. We emphasize on providing solutions for prevention and resolution 
of defects. This classification is based on the following pattern of testing (Daniel et al 
2010):  

 
“Test the interface not the implementation”. 

 
Refactoring guidelines can be broadly divided into three types with respect to their 
effect on production and test code together (See Table 4.1): 
 

• Type I: Refactoring guidelines that do not break the production and/or test code. 

• Type II: Refactoring guidelines that correctly refactor the production code but 

break or require extension to the test code. 

• Type III: Refactoring guidelines that are insufficient for restructuring production 

and test code 

 
As clear from the definitions given above, Type I refactorings would not require any 
change in the refactoring guidelines from the perspective of production and test code 
adaptation. But clearly we can see that most of the refactorings listed in Type I do not 
actually require change in clients and unit tests. Because their mechanics involve 
transformation at the implementation level and do not break the interface. 

Type II refactoring guidelines should be extended so that they also include steps on test 
code adaptation. However, Type III refactorings pose a serious problem because the 
refactoring guidelines are not written at the level of detail as the other refactoring 
guidelines, these not only break the test code but also miss critical steps to refactor and 
adapt the production code. For Example, in the guidelines for Move Field include the 
steps for replacing all the references in the production and test code by the references to 
the target field. But it does not include mechanics for updating code in the constructors, 
the setup fixture in the test code and may also introduce semantic errors if proper checks 
for uniqueness have not been performed. 

We do not take into account the big refactorings (Fowler 1999) in this analysis because 
these are composed of smaller refactorings that are listed in Table 4.1. The big 
refactorings include Convert Procedural Design to Objects, Separate Domain from 
Presentation, Tease Apart Inheritance, and Extract Hierarchy. The impact of these 
refactorings on test and production code can be evaluated by combining the effect of 
other small refactorings used by them.  
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Table 4.2. Refactoring Categorization based on their Impact on production and test code 

together 
 

Type Refactoring Names 

Type I 
(18 in 

number) 

Extract Method, Inline temp, Replace temp with query, Introduce 
Explaining variable, Split temporary variable, Remove assignment to 
parameters, Replace Method with method object, Substitute Algorithm, 
Self Encapsulate field, Decompose Conditionals, Remove Control Flag, 
Replace Nested Conditional with Guard Clauses, Introduce assertion, 
Consolidate Conditional Expression, Consolidate Duplicate Conditional 
Fragments, Hide Method, Replace Exception with test, Replace Delegation 
with inheritance  
 

Type II 
(29 in 

number) 

Introduce Foreign Method, Introduce local extension, Replace Data Value 
with Object, Change value with reference, Replace constructor with 
factory method, Replace Array with Object, Duplicate Observed Data, 
Change Unidirectional Association to Bidirectional, Change Bidirectional 
Association to Unidirectional, Replace magic Number with a symbolic 
constant, Encapsulate Field, Encapsulate Collection, Replace Type Code 
with class, Replace subclass with fields, Introduce Null object, Remove 
parameter, Separate query from the modifier, Parameterize Method, 
Replace parameter with Explicit Methods, Replace parameter with  
Method, Introduce Parameter Object, Remove Setting Method, Replace 
Error Code with Exception, Change Reference to Value, Add Parameter, 
Extract Interface, Form Template Method , Extract subclass, Extract super,  
collapse hierarchy  
 

Type III 
(21 in 

number) 

Move Method, Inline Method, Move Field, Extract class, inline class, hide 
delegate, Remove Middle Man, Push down field, Pull up field, Replace 
Record with Data Class, Replace Type Code with subclasses , Replace 
Type Code with State/Strategy, Replace Conditional with Polymorphism, 
Preserve whole object, Encapsulate Downcast, pull up method, pull up 
constructor body, Replace Inheritance with Delegation, Rename Method, 
Push down method  
 

 
4.3. Comparative Analysis of Refactoring Tools and Guidelines 
 

Before code transformation takes place, an early check should be performed to evaluate 
preconditions of the refactoring; if all preconditions are satisfied, refactoring mechanics 
are executed. These mechanics include guidelines for restructuring and corrective 
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transformations required to preserve externally observable behavior of the program. 
However, there are gaps between the definitions and the actual implementation of 
refactorings (Basit et al 2012a, 2012b, 2012c, 2012d) (Kiran et al 2012). 

Fowler’s refactoring catalog (Fowler 1999) is widely used both in the industry and 
academia for training and pedagogical purposes.  Based on Fowler’s guidelines many 
refactoring tools for Java have been developed including the most commonly used: 
Eclipse (2011), IntelliJ IDEA (2011), JBuilder (2011) and NetBeans (2011) etc. These 
tools do not completely address the issues related to behavior preservation including 
client/test adaptation. One of the reasons is lack of refactoring guidelines that include all 
necessary pre and post conditions for the preservation of program behavior (Basit et al 
2010).  

Fowler’s refactoring guidelines (Fowler 1999) give a good starting point to developers in 
order to refactor a program but lack focus on various aspects of behavior preservation. 
Using these guidelines (Fowler 1999), refactoring process can not only flag semantic but 
also syntactic violations in the code. Syntactic errors are cheap to fix but identification 
and resolution of semantic violations is hectic as well as expensive (Fowler 1999).  

The missing detail in the refactoring guidelines is also inherited by various refactoring 
tools for Java (Basit et al 2012b). Therefore, we also include Fowler’s catalog in our 
analysis. We believe that with the help of extended refactoring guidelines existing tools 
can be improved and new tools can be developed that preserve program behavior.  

In this section we have defined and demonstrated a few semantic as well as syntactic 
defects that are introduced by refactoring tools in various locations throughout the 
software system. We discuss three commonly used refactorings: Pull Up Method (PUM), 
Push Down Method (PDM) and Move Method (MM) (Fowler 1999). PUM refactoring is 
used by software designers to generalize and eliminate the duplicate code present in the 
subclasses, as a result the cohesion of the super class is increased and the coupling of the 
subclasses is reduced.  Similarly, PDM increases cohesion of the subclasses by 
specializing certain behavior of a super class that is relevant only for some of 
its subclasses.MM is used for moving features between classes such that coupling in the 
system is loosened (Fowler 1999).  

These refactorings are commonly used refactorings. The automated support for these 
refactorings is provided by almost all commonly used Java refactoring tools (discussed in 
this thesis). But the precondition evaluation and adaptation is implemented in an ad hoc 
way ignoring many aspects of behavior preservation. In Table 4.2, we have highlighted 
the semantic as well as syntactic errors that could appear in the refactored code by 
performing these refactorings either manually through guidelines or with the use of 
refactoring tools. These are discussed in detail in the sub-sections below: 
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4.3.1. Invalid access to super 
 
 In object oriented programming, access to parent class’s methods is a common practice. 
The super keyword (Using the keyword super, 2011) in Java gives child classes access 
to parent’s overridden constructors and methods. But movement of methods up and 
above in the inheritance hierarchy can create a semantic violation which will not be 
flagged by the compiler. 
 

Table 4.2 Comparative analysis of refactoring support 

  Tools  
FGL Preconditions  Eclipse NetBeans IntelliJ JBuilder 

Invalid access to 
super 

PUM × ×   × 
MM × N/A ×  × 
PDM × ×   × 

False overriding  PUM × × ×  × 
MM × N/A   × 
PDM × × ×  × 

Invalid access to 
duplicate field  

PUM     × 
MM × N/A   × 
PDM     × 

Constructor  PUM × ×   × 
MM × N/A   × 
PDM  ×   × 

Main method  PUM × ×   × 
MM × N/A ×  × 
PDM  ×   × 

Checks associated 
with Static Import 
 

PUM × × × × × 
MM × N/A × × × 
PDM × × × × × 

Relocating test code PUM × × × × × 
MM × N/A × × × 
PDM × × × × × 

Incorrect 
replacement of calls 

PUM × × × × × 
MM × N/A × × × 
PDM × × × × × 

 means the system warns the developer but allows to continue 
×  means the system does not recognize the issue 
 means the system recognizes the issue and handles it appropriately 
FGL means Fowler’s refactoring guidelines 
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For Example, (as demonstrated in Table 4.3) if PUM refactoring on method n() is 
performed using Fowler’s guidelines, where method foo is implemented in class A and 
class B, in each class the method foo returns a different value.  Before refactoring, 
method n returns ‘23’ (by calling method foo in class B) but after refactoring the same 
method returns ‘43’ (by calling method foo in class A).  

This simple scenario highlights the fact that by ignoring the context sensitive constructs 
like Super, semantic errors can be injected in the production and test code. Also, if the 
calls to super are not replaced by appropriate method calls, the program shall not 
compile, specifically when the call to a non-existing method is made using super object 
in the pulled up method. The refactoring support provided by commonly used tools 
including NetBeans (2011) and Eclipse (2011) do not take care of this aspect while 
refactoring. Similarly MM and PDM can also introduce semantic and syntactic errors if 
the preconditions related to presence of calls to Super object are not evaluated (See 
Table 4.3). 

Table 4.3. Behavior altered due to invalid access to super 
 
 Before Refactoring After Refactoring 

Pu
ll 

U
p 

M
et

ho
d 

Class A{ int foo(){  return 43; }} 

Class B extends A{ int foo(){  

 return 23; }} 

Class C extends B{  

int n(){ super.foo(); }} 

 // n() returns 23 

class A{ int foo(){  return 43;  }} 

class B extends A{ int foo(){  

return 23; } 

int n(){ super.foo();  }} 

class C extends B{} 

 // n() returns 43 

M
ov

e 
M

et
ho

d 

Class A{ int foo() { return 43;  }} 

Class B { int foo(){  return 23;  }} 

Class C extends B{  

int m(){ super.foo(); }} 

Class D extends A{  

int n(){ super.foo()+1; }} 

 // n() returns 44 

Class A{ int foo(){  return 43;  }} 

Class B { int foo(){  return 23; }} 

Class C extends B{     

  int m(){ super.foo();}   

  int n(){ super.foo()+1; }} 

Class D extends A{ } 

 // n() returns 24 
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d Class A{ int foo(){  return 43;  } } 

Class B extends A{ int foo(){  return 

23;  } 

int n(){ super.foo(); }} 

Class C extends B{} 

// n() returns 43 

Class A{ int foo(){ return 43;  }} 

Class B extends A{ int foo(){  return 23;  

} } 

Class C extends B{  

 int n(){ super.foo(); }} 

// n() returns 23 

 
4.3.2. False overriding  
 
Example code given in Table 4.4 highlights a problem of false overriding that can occur 
if the inheritance hierarchy of the target class for candidate method is not completely 
analyzed for uniqueness. Generally, the tools check for the uniqueness of the method in 
the target class but do not take into account its ancestor classes. The movement of the 
method may result in false overriding if any of the ancestors has a method with the same 
signature as that of the candidate method. The scenarios for three refactorings are given 
in Table 4.4. 

 
Table 4.4.  Scenarios showing invalid overriding after refactoring 

 
 Before Refactoring After Refactoring 

Pu
ll 

U
p 

M
et

ho
d 

Class Employee{  

    int getPay(){  

          return 43;  }} 

Class Regular extends Employee{ 

    int getPay(int grd){   

           return grd *23; }} 

Class Engineer extends Regular{  

    int getPay(){ return 60; }} 

Class Client{ 

    int CalculatePay(){ 

      Employee emp=new Regular(); 

          return emp.getPay(); 

    }}    //  CalculatePay() returns 43 

Class Employee{  

      int getPay(){ 

             return 43;  } } 

Class Regular extends Employee{ 

    int getPay(int grd){  return grd *23;  } 

    int getPay(){  return 60;} 

} 

Class Engineer extends Regular{  } 

Class Client{ 

    int CalculatePay(){ 

          Employee emp=new Regular(); 

          return emp.getPay(); 

    }}    //  CalculatePay() returns 60 
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d 
Class Calculator{ 

    int Add(int a,int b){ return a+b; } 

    int multiply(int a,int b){ 

    return a*b; }} 

Class Pay {  

    int multiply(int p,int s){ 

    return 2* p *s;}} 

Class Pay_Calc extends Calculator{ } 

Class Client{ 

   int  CalculatePay(){ 

          Calculator c= new Pay_Calc(); 

          return c.multiply(2000,5);   }} 

 //  CalculatePay() returns 10000 

Class Calculator{ 

    int Add(int a,int b){ return a+b; } 

    int multiply(int a,int b){  

     return a*b; }} 

Class Pay { } 

Class Pay_Calc extends Calculator{  

int multiply(int p,int s){  return 2* p *s;  

}} 

Class Client{ 

   int  CalculatePay(){ 

          Calculator c= new Pay_Calc(); 

          return c.multiply(2000,5);   }} 

  //  CalculatePay() returns 20000 

Pu
sh

 D
ow

n 
M

et
ho

d 

Class Employee{int getPay(){  

return 43;  } } 

Class Regular extends Employee{ 

    int getPay (int grd){ 

              return grd *23;  } 

    int getPay(){  return 60;  }} 

Class Engineer extends Regular{  } 

Class Client{ 

    int CalculatePay(){ 

         Employee emp=new Regular(); 

          return emp.getPay(); 

    }}    //  CalculatePay() returns 60 

Class Employee{ int getPay(){ return 43;  

} } 

Class Regular extends Employee { 

    int getPay(int grd){  return grd *23;}} 

Class Engineer extends Regular{  

    int getPay(){  return 60;   

}} 

Class Client{ 

    int CalculatePay(){ 

          Employee emp=new Regular(); 

          return emp.getPay(); 

    }}    //  CalculatePay() returns 43 

 
4.3.3. Invalid access to a duplicate field 
 
Generally refactoring tools check for the uniqueness of the candidate method in the 
target class prior to refactoring. The fields from the source class are either accessed 
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through source object in the target class or are moved to the target class after the method 
is moved. But in case of duplicate fields both in the source and target, developer may 
not get a compiler error, resulting in invalid software behavior. In Table 4.5, we have 
demonstrated before and after states of the refactored code each showing different 
results after refactoring. 
 

Table 4.5. Scenarios showing invalid access to a duplicate field in the target class 
 

 Before Refactoring After Refactoring 

Pu
ll 

U
p 

M
et

ho
d 

Class Parent{ 

   int attribute=1; 

   int pmethod(){ return attribute; }} 

Class Child extends Parent{ 

   int attribute=2; 

  int cmethod(){ return attribute +1; } 

}   // cmethod() returns 3 

Class Parent{ 

   int attribute=1; 

   int pmethod(){ return attribute; } 

   int cmethod(){ return attribute +1;  }} 

Class Child extends Parent{ 

   int attribute=2; 

}   // cmethod() returns 2 

M
ov

e 
M

et
ho

d 

Class Comparator{  

   int adjust=2; 

 int getMax(int a, int b){ 

      return Math.max(a,b) + adjust ;}} 

Class Adder{ 

  int adjust=1; 

  int add(int a,int b){return a+b+ adjust;} 

  int getMin(int a,int b){ 

 return Math.min(a,b)-adjust;} 

}    // getMin(2,4) returns 1 

Class Comparator{ 

   int adjust=2; 

   int getMax(int a,int b){  

        return Math.max(a,b) + adjust;   } 

  int getMin(int a,int b){  

         return Math.min(a,b)-adjust;}} 

Class Adder{ 

   int adjust=1; 

   int add(int a,int b){ return a+b + adjust; 

}}  // getMin(2,4) returns 0 

Pu
sh

 D
ow

n 

M
et

ho
d Class Parent{ 

   int attribute=1; 

   int pmethod(){ return attribute; } 

  int cmethod(){ return attribute +1; }} 

Class Child extends Parent{ 

Class Parent{ 

   int attribute=1; 

   int pmethod(){ return attribute; }} 

  Class Child extends Parent{ 

   int attribute=2; 
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   int attribute=2;} 

   // cmethod() returns 2 

 

 

  int cmethod(){ return attribute +1; }} 

   // cmethod() returns 3 

 
4.3.4.  Checks associated with Static Import 
 
Static import is a feature provided by Java Development Kit (JDK) which allows 
unqualified access to static members without inheriting from the type containing the 
static members. Refactoring can introduce semantic errors in the code if this feature has 
been used as demonstrated in the following examples in Table 4.6. Before PUM 
refactoring, the method getEmployeeNo returns “4”, whereas after valueOf method is  
pulled up to the Employee class the method returns ‘5. clearly a semantic error. This 
happens because the getEmployeeNo method in the Employee class was making an 
unqualified access to valueOf method of Java.lang.String but after a method with the 
same name is pulled up to Employee class, getEmployeeNo method calls the local 
valueOf method which returns “5”. Similarly, MM and PDM refactorings in these 
scenarios alter the externally observable software behavior.  
 

Table 4.6. Scenarios showing invalid use of function when using Static Import 
 

 Before Refactoring After Refactoring 

Pu
ll 

U
p 

M
et

ho
d 

class Employee{ 

 static String getEmployeeNo(int  i) { 

return valueOf(i) ; }} 

class Pay {   

 static String valueOf( int  pay) {         

return pay * 3;}} 

   // getEmployeeNo(4) returns 4 

class Employee{ 

 static String getEmployeeNo(int  i) {  

 return valueOf(i) ;} 

   static String valueOf( int  pay) { 

   return pay * 3;}} 

class Pay {}    

 // getEmployeeNo(4) returns 12 

M
ov

e 
M

et
ho

d class Employee{ 

static String getEmployeeNo(int  i) {    

return valueOf(i) ;}} 

class RegularEmployee extends 

Employee{ 

class Employee{ 

static String getEmployeeNo(int i) { 

 return valueOf(i) ;} 

static String valueOf(int  i ) {  

 return i +1;}} 
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static String valueOf( int  i) {  

return i +1; } 

}  // getEmployeeNo(4) returns 4 

class RegularEmployee extends 

Employee{} 

  // getEmployeeNo(4) returns 5 

Pu
sh

 D
ow

n 
M

et
ho

d 

class Employee{  

static String getEmployeeNo(int i) { 

      return valueOf(i) ;   } 

static String valueOf(int  i ) {  

return i +1;}} 

class RegularEmployee extends 

Employee{ 

}  // getEmployeeNo(4) returns 5 

class Employee{ 

   static String getEmployeeNo(int  i) { 

      return valueOf(i) ; }} 

class RegularEmployee extends Employee{ 

   static String valueOf( int  i) {  

   return i +1; } 

}  // getEmployeeNo(4) returns 4 

 
4.3.5.  Main method 
 
A method is generally moved to another class if it does not belong to its container class. 
For Example, FixEngine() logically  belongs to the Engine class, if it is not there it 
should be moved. Whereas, a main method is an entry point to the software system and 
it does not exhibit the behavior of its owner class. Moving a main method can lead to 
runtime exception where the IDE may not be able to detect the entry point unless altered 
by the developer. 
 
4.3.6.  Constructor 
 
A constructor is a specialized method that initializes the data members of the class, 
creates an object and has the same name as that of the class. If a method is moved to any 
other class, it loses its meaning; it becomes an ordinary method that initializes a set of 
variables. It is not principally correct to move, pull up or push down a constructor. It can 
be seen in Table 4.2 that a few tools allow such operations on constructor, resulting in 
invalid or broken clients or unit tests.            
 
4.3.7. Incorrect replacement of calls  
 
JBuilder (2011) and IntelliJ IDEA (2011) in few cases syntactically adapt the clients and 
unit tests after refactoring, such that externally observable behavior is preserved but the 
overall quality of the system deteriorates. For instance, the purpose of MM is to 
decrease the coupling and increase cohesion of the overall system including source and 
target classes. But the refactoring tools for Java instead of removing the association of 
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source with client, use the target class’s object in the source class to call the moved 
method. Therefore, the clients remain coupled with the source even after the refactoring. 
In this manner, externally observable behavior is preserved however it does not improve 
the internal structure of the software system. In order to perform MM using these tools, 
the target object is either sent as a parameter of the candidate method or in the other case 
target class’s object is declared in the source class.  
 
Before Existing Java Tools Fowler’s Ideal 
 

Source Target

SourceTest TargetTest

Source Target

SourceTest TargetTest

Source Target

SourceTest TargetTest

N clients

N links – one for 
each client

N clients N clients

Source Target

SourceTest TargetTest

N clients

 
 

Figure 4.1. A comparative view of a subsystem after MM refactoring using different 
approaches for relocating test code 

 

Ideally, along the movement of method to the target, its corresponding test code should 
also be moved to the target’s test class (see Figure 4.1). By doing so, the association 
between the target and test source can be removed. None of the tools including JBuilder, 
Eclipse and IntelliJ IDEA take care of these aspects of refactoring (NetBeans does not 
support MM). As a consequence the coupling between objects is increased. This 
observation can be proven through the use of CBO (Coupling Between Objects) Metric 
(Chidamber and Kemerer 1991). 
 

CBO =
Number of links

Number of Classes
                           (1) 

 
 
 By putting values in (1) from Figure  4.1, with N number of clients of source class and 
assuming one test class for source and target each we get, 
 

CBO =
4 + 2N
4 + N

>
4 + N
4+N

>
3+N
4+N

≥
3+N 
4+N 

      (2) 
 
By putting values in (2) with N=2 number of clients for source class and assuming one 
test class for source and target each we get (3), 
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CBO =
8
6

>
6
6

>
5
6
≥

5
6

                                       (3) 
 
Looking at the equation (3) it can be seen that refactoring tools lead to the worst CBO. 
Fowler’s approach is better but as it does not take into account the test code 
restructuring phenomenon, association between target and source test is created 
resulting in increased coupling. Last but not the least, we suggest that the code 
refactoring should be followed by test restructuring also. Here it is important to note that 
the intent of MM refactoring is to reduce the coupling between objects in the overall 
software system. On the contrary coupling is increased instead of decreasing or 
remaining stable if existing tools are used. Also, by using Fowler’s guidelines for MM 
the CBO metric value increases because it misses steps related to test code restructuring 
due to which the target is made wrongly associated to source test (see Figure 4.1) 
 
Additionally, in the case of PUM refactoring if the child objects are not replaced by the 
parent object in the clients, the violation of good design principles would occur 
resulting in unnecessary association and therefore high coupling. However, with PDM, 
incorrect replacement of parent object may end up in parent accessing the children in 
the client classes, which is not a valid relationship. 
 
Refactoring and unit tests go together. Whether a refactoring was behavior preserving 
is usually confirmed through the use of unit tests. But in practice it is not always 
possible, because there are certain refactorings that change the software interface and 
therefore clients accessing this interface are affected including the unit tests (Basit et al 
2010)(Basit et al 2012c). The existing literature and the refactoring support do not 
differentiate between an ordinary client and the unit tests. Consequently, the additional 
adaptations required by unit tests after refactoring are not supported by the refactoring 
tools.  As can be seen in Figure 4.2(a) & 4.2(b), after method m1 is pulled up to the 
parent class, the test methods for method m1 remain in the child classes resulting in 
duplicated test code.  Similarly, when a method is moved from a source to target class, 
and the test code is not moved from source’s test to the target’s test, this leads to 
indirect testing. Also, in case of PDM, when the test code is not moved to its right 
home it leads to an invalid association between the child classes and the parent’s test 
class. Therefore, every step in refactoring should be succeeded by appropriate 
adaptation in the test code to avoid deterioration of test code quality resulting in test 
smells.  
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Figure 4.2(a). Software system before PUM refactoring 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2(b). Software system after PUM refactoring (existing approaches)  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2 (c): Software system after PUM refactoring(with test adaptation)  
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4.4. Extending Refactoring Guidelines 
 
Fowler has done a significant job by providing a catalog of refactoring guidelines. But 
there is a need to strive for more complete, precise and unambiguous refactoring 
"recipes". The new improved guidelines would not only help manual refactoring but 
shall also aid refactoring automation. Refactoring tools are not very much trusted by the 
developers such that in spite the availability of the automated support, 90% of the 
refactorings are performed by hand (Murphy-Hill et al. 2011). 
 
van Deursen and Moonen (2002) emphasize on prevention by avoiding the refactorings 
that eventually break the test code. After analyzing the list of refactorings, it is observed 
that there are only 18 refactorings that do not require corrective transformation in the 
test code to run safely (see Type I refactorings in Table 4.1). Therefore, if the approach 
suggested by Counsell et al. (2006) is followed, many refactorings listed under Type II 
and Type III may become obsolete. 
 
Extension of existing refactoring guidelines (Fowler 1999) covers both aspects of 
software development, programming as well as unit testing. The extended guidelines in 
addition to original guidelines contain preconditions, elaborated refactoring steps, 
adaptation steps and postconditions. These guidelines were developed using the 
information derived from the comparative analysis of tools and guidelines (Section 3.3). 
Additionally, problems reported in the literature regarding refactoring techniques also 
helped us in the development of these guidelines (see Chapter 2).  
 
We present detailed guidelines for ‘Move Field’ refactoring, which is commonly used 
and simple to understand. Table 4.7 has been divided into three columns: In column1, 
we present original Fowler’s guidelines. In the next column we extend the guidelines for 
production code adaptation. The last column exhibits the final version of the guidelines 
covering both, the production code and test code. 
 

Table 4.7. Extended Refactoring Guidelines For Move Field Refactoring 
 

Fowler’s 
Guideline 

Extended Guideline 
for Production Code 

Extended Guideline for 
production and test code 

 Check for the uniqueness 
of the candidate field in 
the target and its 
hierarchy up and above to 
avoid name collisions. 

Check for the uniqueness of the 
candidate field in the target and 
its hierarchy up and above to 
avoid name collisions. 

Determine how to 
reference the target  

object from the 

Determine how to 
reference the target object  

from the source and the 

Determine how to reference the 
target object from the source, the 
clients and test classes.  
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source,  

o An existing 
field or 
method may 
give you the 
target. If not, 
see whether 
you can 
easily create a 
method that 
will do so. 
Failing that, 
you need to 
create a new 
field in the 
source that 
can store the 
target. This 
may be a 
permanent 
change, but 
you can also 
do it 
temporarily 
until you 
have 
refactored 
enough to 
remove it. 

clients  

o An existing field 
or method may 
give you the 
target. If not, see 
whether you can 
easily create a 
method that will 
do so. Failing that, 
you need to create 
a new field in the 
source that can 
store the target. 
This may be a 
permanent 
change, but you 
can also do it 
temporarily until 
you have 
refactored enough 
to remove it. 

 

o An existing field or 
method may give you the 
target. If not, see whether 
you can easily create a 
method that will do so. 
Failing that, you need to 
create a new field in the 
source that can store the 
target. This may be a 
permanent change, but 
you can also do it 
temporarily until you 
have refactored enough 
to remove it. 

 

Remove the field on 
the source class. 

Remove the field on the 
source class. 

Remove the field on the source 
class. 

 Remove the assignments 
to the field from the 
constructors in the source 
class. 

Remove the assignments to the 
field from the constructors in the 
source class. 

 Update the constructors 
of the target class to 
assign the value to the 
moved field. 

Update the constructors of the 
target class to assign the value to 
the moved field. 

  Determine the way to get the 
value of removed field from the 
setup fixture in the test code of 
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source class to update the 
initialization code in unit test for 
the target object. 

 Use the value of moved 
field in the initialization 
code of the source class 
to update the initialization 
code for the target class’s 
object in the client 
classes. 

Use the value of moved field in 
the initialization code of the 
source class to update the 
initialization code for the target 
class’s object in the client and 
test classes. 

Replace all 
references to the 
source field with 
references to the 
appropriate method 
on the target  

o For accesses 
to the 
variable, 
replace the 
reference 
with a call to 
the target 
object's 
getting 
method; for 
assignments, 
replace the 
reference 
with a call to 
the setting 
method. 

 
o If the field is 

not private, 
look in all the 
subclasses of 
the source for 
references. 

 

Replace all references to 
the source field with 
references to the 
appropriate method on 
the target in production 
code. 

o For accesses to 
the variable, 
replace the 
reference with a 
call to the target 
object's getting 
method; for 
assignments, 
replace the 
reference with a 
call to the setting 
method. 

o If the field is not 
private, look in all 
the subclasses of 
the source for 
references. 

 

Replace all references to the 
source field with references to 
the appropriate method on the 
target both in production and test 
code. 

o For accesses to the 
variable, replace the 
reference with a call to 
the target object's getting 
method; for assignments, 
replace the reference 
with a call to the setting 
method. 

o If the field is not private, 
look in all the subclasses 
of the source and their 
associated test classes for 
references. 

 

Compile and test Compile and test Compile and test 
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In the example illustrated in Table 4.7 we can clearly see that in the original guidelines 
the mechanics related to uniqueness, constructor definitions, object initialization and 
value assignments are missing. The extended guidelines cover the missing parts by 
considering all the entities effected due to the refactoring process.   

 
4.5. Empirical Evaluation 
 
In this section, we report results from a controlled experiment involving 40 graduate 
students.  This experiment was performed to judge the loopholes in Fowler’s refactoring 
guidelines. Our hypotheses are based on the following proposition:  
 
P: There is no need to augment Fowler’s guidelines  
P´: Fowler’s guidelines should be extended. 
 
According to Fowler (1999), refactorings are based on “human intuition”, but we 
believe that every human is different and so is everyone’s intuition. Every phase of 
refactoring starting from detection of bad smells to actual refactoring process requires 
rigorous support and guidelines. As discussed in earlier sections, in spite of available 
automated support and an extensive catalog of refactorings, mistakes can still occur. 
 
4.5.1. Experiment Design 
 
In the initial experiment design that we wanted to perform to judge the weaknesses in 
the Fowler’s refactoring guidelines. We thought of having two groups as in most of the 
controlled experiments following the“Between Subjects Design” method of 
experimentation. The control group was to be given the original refactoring guidelines 
by Fowler (FRG) for the refactoring experiment whereas the experimental group had to 
refactor the code using our extended refactoring guidelines (ERG). The problem in this 
design was that the FRG were a subset of ERG. The result was obvious prior to 
experimentation. The subjects having the extended or improved guidelines had 
definitely higher chances of performing well in the experiment. 
 
Statistically speaking, these sample groups were not probabilistically equivalent given 
the respective refactoring guidelines, which means that even if the measurements  of 
traits was similar among the groups, the group having ERG was likely to perform better. 
Therefore, we decided not to compare the two groups. On the contrary, we followed 
“Within Subjects Design” to perform this experiment but instead of having multiple 
treatments we applied a single treatment once on all the subjects. Therefore, the use of 
FRG was the independent variable in our study. Whereas, the different type of defects 
caused by refactoring were measured as dependent variables in this study. 
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4.5.2. Sample Selection 
 
The experiment involved 40 graduate students taking an advanced course in software 
engineering. It was a prerequisite to have adequate knowledge of Java language to 
participate in the exercise. 55% students had industrial experience above 3 years, 45% 
students had experience ranging from 0-2 years. 10 students were without any industrial 
development experience but we included them in our experiment because these students 
had done their graduate level final year projects using Java and they had the expertise 
required to perform this exercise.  Prior to the experiment the students had attended 3 
lectures on refactoring as a part of their Advanced Software Engineering course.  
 
4.5.3. Refactorings Selection 
 
Three refactorings were selected from the Type III category, which requires adaptation 
in both test code and production code. According to Martin Fowler, Move Method is the 
bread and butter of refactoring (Fowler 1999). Whereas, Push Down Method and Pull 
Up Method are specialized cases of Move Method which require moving the method up 
or down the inheritance hierarchy. Additionally, these refactorings are used by other 
Type III refactorings like Extract Class, Extract Subclass, Replace type code with 
strategy, Replace type code with subclasses etc. 
 
4.5.4.  Manual Refactoring  
 
Since the purpose of this experiment was to judge the Fowler’s catalog. Refactoring was 
done manually on the paper. Reason for doing it on paper was that students were 
required to refer to each refactoring step at every stage of refactoring. That could be 
better done on paper.  
 
4.5.5. Programming Language Selection  
 
The programming language selected for the refactoring experiment was Java. This is 
because Fowler refers to Java programming constructs and concepts in his catalog 
(Fowler 1999). Additionally, all examples in this catalog are written in Java.  
 
4.5.6. Source Code Selection 
 
We used a Pay Roll System as a subject for refactoring (Appendix C). There were 16 
classes in total in this system, 8 Java classes in the production code and a parallel 
hierarchy of 8 test classes developed in JUnit. We selected a small and easy to 
understand source code such that students could understand and refactor it in the given 
amount of time. We expected that by doing this the difficulty level of the problem 
would not negatively affect the results of the study. The size metrics are given in Table 
4.8. 
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Table 4.8. Size metrics for Pay Roll System 
 

 Lines of code Methods Classes 
Production code 402 19 8 
Test Code 241 12 8 
Complete Code 643 31 16 

 
4.5.7. Hypotheses 
 
We have defined our hypotheses based on the above proposition ‘P’, find below the 
alternate hypotheses. These hypotheses have been derived from the comparative 
analysis of refactoring tools and guidelines provided in section 3.4. These hypotheses 
can be validated for the three refactorings selected for the experiment including MM, 
PUM and PDM.  
 
H01: Core refactoring cannot be performed successfully by most developers with 
existing refactoring guidelines. 
 
H11: Semantic errors shall be introduced by most developerss if the existing refactoring 
guidelines are used. 
 
H21: Test code restructuring cannot be done successfully by most students if the existing 
refactoring guidelines are used. 
 
H31: client adaptation cannot be done successfully by most students if the existing 
refactoring guidelines are used. 
 
4.5.8. Execution 

 
We planned a four hours session. The execution of the experiment was started with an 
oral presentation by introducing application which is being used for the experiment, the 
experimental environment with procedure, general conditions of the experiment and the 
task they had to perform. We also explained each step of the guidelines to ensure that 
all students understand every step. The next three hours were divided into two equal 
halves. We gave them two refactoring problems one by one. The problems were of 
average complexity that students could understand in the given amount of time. We 
had distributed the defects in different locations, so that the identification of one does 
not affect the other. We also asked them to refer to every step of refactoring with the 
appropriate step number in the Fowler’s guidelines in their solutions. If they did any 
step without using the guidelines, they explicitly specified. They were provided with 
the unit tests along production code. 
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4.5.9. Data Collection and Analysis 
 
The solutions provided by the students were evaluated and errors were logged. We 
observed that students had not missed any steps in the refactoring guidelines. Otherwise, 
it would have been difficult to segregate the errors caused due to skipped guidelines 
from those caused by missing guidelines. Since we hypothesized that most of the 
students will make mistakes with the existing refactoring guidelines, we accepted our 
alternate hypothesis for failure rate greater or equal to 50%. We can infer from the 
results (see Table 4.9) that in most cases the developers were not able to detect the 
semantic errors introduced due to refactoring. In spite of the small sized project (only 
402 lines of code) and limited time. All students performed the core refactoring steps 
correctly. But most of the subjects did not check the preconditions required for avoiding 
semantic defects and also did not properly adapt unit tests. The results show that, steps 
on prevention of semantic defects and test code restructuring could be added to existing 
refactoring guidelines such that the chances of defect occurrence can be reduced. 
 

Table 4.9. Results of the experiment 

*A=Accept, R=Reject 

 

4.5.10. Threats to Validity 
 
There are possible threats to the validity of the results of this work.  
 
Firstly, this work is limited to the refactoring descriptions that appear in Fowler’s work 
and may not apply to variations of these refactorings. Additionally, the evaluations of 

Hi1 Tasks Success(%age) Failure Rate (%age) Hypothesis* 
MM PUM PDM MM PUM PDM MM PUM PDM 

H01 Core  refactoring 100 100 100 0 0 0 R R R 
H11 Invalid access to 

super 
45 47.5 25 55 52.5 75 A A A 

False overriding 2.5 7.5 17.5 97.5 92.5 82.5 A A A 
Invalid access to 
duplicate variable 

62.5 25 37.5 37.5 75 62.5 R A A 

H21 Relocating test 
code 

37.5 32.5 42.5 62.5 67.5 57.5 A A A 

Test Code 
Adaptation 

50 47.5 37.5 50 52.5 62.5 A A A 

H31 Incorrect 
replacement of  
calls 

60 12.5 75 40 87.5 25 R A R 
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the refactorings in this work are subjective and informal and that is because software 
refactoring is inherently subjective. 
 
As in any empirical study, the validity of our experiment is limited by the choice of 
study subject. We chose Pay Roll System because it was a small sized system, its source 
and test code were available and it had quite a number of opportunities for refactoring. 
To get more reliable results more studies on larger systems either controlled or in real 
environments should be performed to confirm our findings. 
 
Similarly, in addition to a small number of participants, the subjects of the case study 
are heterogeneous (students with no industrial experience and students with 3-6 years of 
professional experiment).This could confound our findings, as for example students 
with no experience may behave very different from industrial developers. 
 
As regarding to internal validity we have to be aware that with a single case study it is 
not possible to infer whether or not Fowler’s guidelines should be augmented. However, 
additional research in larger and different contexts is needed to ensure that our results 
are indeed true and would apply in industrial settings. 
 
4.6. Conclusions 
 
In this chapter, we have analyzed three refactorings including MM, PUM and PDM 
refactoring. We setup an experiment using 40 graduate students. The results indicate 
that the refactoring guidelines have a potential for improvement. To get more reliable 
results, more studies on larger systems either controlled or in real environments should 
be performed to confirm our findings. Further, to strengthen the reliability of our results, 
we performed the refactoring exercise on an open source code to compare Fowler’s and 
our refactoring approach (see Chapter 5). The results of the experiment are consistent 
with the results from the survey, since most of the respondents voted in the favor of 
refactoring guidelines extension. 
 
 
       
 
 
 
 
 
 
 
 
 
 



72 
 

Chapter 5 
 
Unit Tests: Specialized Clients in 
Refactoring  

 
 

5.1. Introduction 
 

In the earlier chapters, we shared our findings from the study of existing literature on 
refactoring and unit testing practices. In this chapter, we have quantitatively analysed an 
open source project to determine the usefulness of test adaptation with refactoring in 
production code. As mentioned in previous chapters, a unit test significantly differs 
from an ordinary client, in the context of refactoring. Tight coupling and stronger 
association with the refactored class are its key discriminating characteristics.  Hence, 
any change in the code readily affects the behavior and quality of the test code. 
However,  if test code is adapted and refactored along the production code, its behavior 
shall be preserved and quality may improve.  

With the help of quality metrics, we have tried to demonstrate that unit test is a different 
type of client that needs “special“ handling in the context of refactoring. We 
demonstrate through most commonly used refactorings on an open source project that 
there is a need to enhance the existing refactoring support for Java to include the 
specific adaptation mechanism for unit tests that eradicates the effect of refactoring and 
also improves the internal structure of test code.  

5.2. Unit Test: A Specialized Client 

Unit test has following discriminating characteristics from an ordinary client in the 
context of refactoring. 

5.2.1. Unit Test: Definition 

Unit testing means testing a 'unit' of an application, and is one of several forms of 
testing. Unit testing is performed by developers to ensure that no individual unit or a 
class in the system makes it error prone. Unit tests, test code at its lowest level of 
granularity which is the method level in Object Oriented (OO) domain. Unit tests are 
written by developers in many different ways. One class may have multiple test classes 
testing it or vice versa. Similarly, one method or set of methods may be tested by 



73 
 

multiple methods. Several times the unit test suites are much larger than the production 
code itself, so managing test code and ensuring its completeness becomes extremely 
difficult. Unit tests written in such an ad hoc manner are usually infected with test 
smells (Meszaros and Fowler 2007). On the contrary, the definition of an ordinary client 
is not constrained by such rules. For example, for an ordinary client it is absolutely legal 
to be used by multiple classes or methods.  

5.2.2. Unit Test: A Safety Net 

There is a difference between the significance of unit tests during original coding vs. 
during refactoring. Unit tests are more critical during refactoring process because 
programmers rely on unit testing to determine whether a refactoring was applied 
correctly and the behavior of the production code is kept unchanged (Fowler 1999) 
(Bannwart and Müller, 2007) (Guerra and Fernandes 2007). In refactoring, execution of 
unit tests has a very high significance. Fowler suggests several times during the course 
of refactoring to “Compile and Test” (Fowler 1999). This is because after refactoring, 
unit tests serve as a safety net that verifies the preservation of software behavior. 
However, this is not the case with the ordinary clients. 

5.2.3. Tight Coupling 

Unit tests are tightly coupled with the classes they test (Meszaros and Fowler 2007).   
This coupling between code and unit tests is unavoidable and is intended to be this way. 
Therefore, in this particular situation it is not considered a bad design. But on the 
contrary if this level of coupling is seen between classes in the production code, it leads 
to refactoring. 

5.2.4. Parallel Hierarchy of Classes 

Implementing unit tests often leads to a parallel hierarchy of classes, where every class 
has a corresponding test class (Link and Frohlich 2003). Consequently, there emerges 
an inheritance chain of corresponding unit test classes, paralleling the classes being 
tested. While it is by no means necessary, it makes things much simpler if unit tests are 
set up in a parallel hierarchy in the software under test. The inheritance relationship 
between test classes maintained in parallel with production code has several advantages 
(Basit et al 2012c): 
1) Reuse of test code - The inheritance relationship between test classes for production 
classes that are also related via inheritance facilitates the reuse of individual test cases. 
(2) Separation of production and test code - There are several reasons for keeping the 
two types of code separate. First, the production code remains smaller and thus less 
complex. Second the executible code also remains smaller requiring fewer resources. 
Finally, these two pieces are sometimes written by different groups and the physical 
separation becomes necessary. 



74 
 

(3) Maintenance of test cases - In an iterative development process, the tests should be 
easy to apply repeatedly across the development iterations. They must also be easy to 
maintain as the production code changes. The inheritance relationship in an object-
oriented language supports the development of code with these characteristics. 
(4) Easy testing: The test software is organized around the same architecture as the 
production code. The architecture of the test code never coincides with the production 
code but it always stays away at the same distance. If a developer studies the production 
architecture, they automatically understand the architecture of the test software. This 
organization of the test classes makes it easier to test a method in the context of a 
class and to overcome information hiding in order to observe state. 
 It is known that parallel class hierarchies (Fowler 1999) indicate tight coupling, 
duplication, a lack of abstraction and usually result in hard to change production code 
including clients. Since tight coupling is the very purpose of unit testing (as we want to 
test every public method of a specific class) and since we usually want to test concrete 
implementations instead of abstractions, parallel class hierarchies do not seem to be a 
problem in the context of unit testing (Basit et al 2012c).  
 
5.2.5. Stronger Association 

         The unit test classes as defined in JUnit (2012) contain test method/s for each method to 
be tested. These test methods directly call the functions they test. The association 
between a class and its unit test/s is much stronger than the client’s association. For 
instance, if a method M is moved from class A to B, its client C starts referring to B and 
the association ends. Whereas AT the unit tests of class A shall always have a link with 
A.  
5.2.6. Textual Versus Structural Adaptations 

         We define Textual Adaptations as changes done at the statement level inside any class 
in the system affected due to refactoring. Whereas Structural Adaptations can be 
defined as transformations that are related to changes in the structure of any class 
impacted with refactoring. Generally refactoring results in textual adaptations in both 
Client and unit test classes. Rename Method (Fowler 1999) requires changing the 
method calls both in clients and unit tests. The Structural changes are made in unit test 
classes only. Move Method (Fowler 1999) requires movement of test method to the 
target’s test class whereas clients require only replacement of object (source to target) in 
the calls to the moved method. 

 
5.2.7. Number Of Ordinary Clients Versus Unit Test Classes 

         There is no limitation on the number of clients for any class in the system. But in unit 
testing it is suggested to have one unit test class for each class in the system. If any class 
is too big or complicated to be tested by one class, it should be refactored. 
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5.3. Impact of Refactorings on Clients and Unit Tests 
 
There are three conditions for the refactoring (1) behavior preservation, (2) 
improvement in the quality and (3) co-evolution of all the components of a software 
system including clients and unit tests. We will refer to these three conditions for 
refactoring as essential conditions for refactoring in this thesis. The existing state of art 
generally considers these conditions for production code only and the unit tests are not 
taken into account.  
 
Hence, behavior is usually not preserved and quality of the unit tests deteriorates.  For 
instance, Eclipse (2011), IntelliJ IDEA (2011), JBuilder (2011), NetBeans (2011) etc are 
commonly used for Java refactorings. Among these Eclipse and NetBeans do not fulfill 
any of essential conditions of refactoring for the clients and unit tests. Whereas, IntelliJ 
IDEA and JBuilder in some cases fulfill the conditions 1 and 3 but as a consequence, the 
clients specifically unit tests get infected with bad smells, a condition 2 violation. 
 
Refactorings that are done at statement level or inside a method body have no impact on 
the test suites because unit tests are normally black-box tests (Link and Frohlich, 2003). 
But refactorings involving the interface of the class can lead to broken clients and tests 
if proper adaptive actions are not taken. The following subsections illustrate how 
different corrective actions are required for ordinary clients and unit tests to eradicate 
the impact of refactoring. 

5.3.1. Renaming Program Entities 

Renaming a method, class or package requires renaming of their corresponding test 
method, test class or test package respectively (Link and Frohlich, 2003). The 
references of the changed program entity in clients (both in production code and unit 
tests) have to be updated to reflect the new name. If the data member is renamed its 
effect on the unit test is same as that of the client. 

5.3.2. Change in Method Signature 
 
Arguments of a method can be renamed, reordered, added or removed. On renaming the 
arguments, clients and unit tests both are not affected. Reordering the parameter list 
requires reordering the argument values in all method calls to match the new signature. 
When a parameter is removed its corresponding argument values in the calls are also 
removed. When a parameter is added, the test fixture may have to be modified to add 
new parameter object.  
 
In JUnit (2012) test methods cannot return any value. The assert statements in the test 
methods compare the expected and actual outcomes by calling the method. When the 
return type of a method is changed in production code, the statements in its 
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corresponding test method/s are also altered to use the type of variable compatible to the 
new type and if this cannot be done refactoring should be stopped. But on the contrary, 
the client methods can be altered in two ways to adjust with the new change. Either 
through typecasting the return type of the client method to be compatible to the new 
type or through changing the return type of the client method.  
 
5.3.3. Extraction 

 A long method (Fowler 1999) in the production code may have a long test method as its 
counterpart in the unit test.  If the method extraction in production code will be followed 
by test method extraction, the Eager Test (Meszaros and Fowler, 2007) test smell shall 
be automatically eliminated from the test code. An Eager Test is hard to read and 
understand, and therefore more difficult to maintain. On the contrary, clients of a long 
method are not affected due to extraction of a method in production code.  
Class extraction requires movement of tests from source to extracted class’s unit test 
(Structural Adaptation). Similarly, subclass extraction is followed by creation of a 
parallel hierarchy of test classes. In addition, after extraction of an independent class, 
some new tests related to the interaction of two classes might be required (Link and 
Frohlich  2003) . Only change that is required on the client end is replacement of object 
definition with the extracted class/subclass object (Textual Adaptation). 
5.3.4.  Inlining  

On in-lining the class, some tests may get eliminated. In contrast to extraction, on 
inlining the tests related to the interaction of inlined and absorbing classes are removed 
(Link and Frohlich 2003). The clients of the inlined class have to be modified to refer to 
the absorbing class. On inlining the method, all calls of that specific method in clients 
are replaced with the method body. But in the unit test the method call is not replaced 
instead the inlined method is tested by its absorbing method’s test. 
5.3.5. Pull Up/Push Down 

On pulling up the method to the parent class, test cases should also be moved to the 
parent’s test class if possible. Client and unit tests methods may work taking the 
advantage of polymorphism, but violations of good design principles shall occur. For 
Example, the test method and its helper methods for the pulled up method should be 
principally in the parent’s test class after refactoring.  But the refactoring guidelines 
(Fowler 1999) and tools  introduce Test Code Duplication (Meszaros and Fowler 2007) 
by not pulling up the duplicate test code from the subclasses‘ test classes.  
Also, the test classes of the children  shall be wrongly associated with the parent class to 
access pulled up method injecting indirect testing (Meszaros and Fowler 2007) smell in 
the test code.When a method is pushed down to the subclasses the test code also has to 
be moved to subclasses‘ unit tests. The calls to the method in clients shall be adapted to 
use appropriate subclass object. 
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5.3.6. Moving 

The purpose of Move Method (Fowler 1999) is to move the related behavior to its 
appropriate home in the system. This refactoring eventually decreases the coupling and 
increases cohesion of the overall system including source and target classes. Principally, 
along the movement of method to target, its corresponding test code should also be 
moved to the target’s test class, by doing so, the association between the target and test 
source can be removed. 

 However, it is noted that the existing tools and refactoring guidelines (Fowler 1999)  
discussed in this thesis do not provide any support for such adaptations and hence 
violate the second essential condition by introducing the indirect test (Meszaros and 
Fowler 2007) smell. Also, tools like intelliJ IDEA and JBuilder do not make appropriate 
replacement of source object with the target object in clients including unit tests. 
Considering the unit test as an ordinary client, after the method is moved to its target 
class, the call to the method in the clients and unit test is replaced by the call to the 
method with target object. This is a symptom of a test smell named Indirect Testing 
(Meszaros and Fowler, 2007) in the test code. Ideally, a test class should test its 
counterpart in the production code. If delegation is done instead of moving the method 
physically, the test code for the source and target might lead to Test Code Duplication 
(Meszaros and Fowler, 2007).  

Thus, Move Method refactoring (Fowler 1999) eventually deteriorates the quality of test 
code if existing support for Java is used (Basit et al 2012c). Whereas, the overall affect 
of refactoring should be improved quality in all the components of the software system 
including unit tests. 

On moving a field to another class, the references of the moved field in clients or test 
methods shall be made with the target object. It is not considered a bad design if a client 
contains objects of other classes but in case of unit test ideally the test class should only 
create objects of the class it is testing. 

5.3.7. Impact Resolution 

The additional adaptations required by the unit tests after refactoring to eliminate the 
problems and smells are displayed in Table 5.1.  
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Table 5.1. Test problems/smells introduced due to various refactorings 

 
Type of 

Refactoring 
Test smell/ problem introduced Unit test adaptation required 

Statement level None None 
Renaming program 
entities 

Bad test name  Rename test method,, test class, test 
package 

Change in method 
signature 

Invalid tests Update references, make return 
types compatible 

Extraction Eager tests, Missing tests  Extract test method, test class, sub 
test class 

Inlining Invalid tests Remove test method or test class 
exclusively testing the inlined 
method or class 

Pull Up/push down Test code duplication, Indirect 
tests, Invalid tests 

Pull up/push down test method 

Moving Indirect tests, Invalid tests, Test 
code duplication 

Move test method, update 
references 

 
5.4. LAN Simulation  
 
5.4.1. Overview 

In order to exhibit our approach, we have used LanSimulation, (Demeyer et al. 2005) 
open source software, which is frequently used for teaching the refactoring process at a 
number of European universities for both research and teaching purposes. This is mainly 
because the example is sufficiently simple for illustrative purposes, yet covers most of 
the interesting constructs of the object-oriented programming paradigm (inheritance, 
late binding, super calls, method overriding). It has been previously used in studies by 
Mens et al. (2002) and Demeyer et al. (2002). 
 
The production and test code in this project are written in an ad hoc manner leading to 
various opportunities for refactoring (see Figure 5.1). Quality (Sonar 2012) and code 
coverage metrics (Cobertura 2012) have been used to demonstrate the change in quality 
of production and test code with and without test adaptation after refactoring. Our 
analysis shows that refactoring impacts unit tests in various different ways in 
comparison to an ordinary client therefore they require additional adaptation. The 
LanSimulation project refactored with another dimension of test adaptation can 
significantly help software engineering teachers to explain the complete process of 
refactoring.  
 
The refactored source code using our proposed approach is available at: 
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http://code.google.com/p/lansim-refactoring/source/checkout 
 
5.4.2. Refactoring without Test Adaptation 

 
In order to determine the effectiveness of test adaptation, initially we refactored the 
production code but did not restructure or extend the test code and only fixed the 
compiler errors in the LanTests class. Later, the production code and test code were 
evolved together. The final revision of the LanSimulation project is modeled in Figure 
5.2 (Production code) and Figure 5.3 (Test Code).  
 

 
 

Figure 5.1. LanSimulation project prior to refactoring 
 

After refactoring the production code, number of classes has visibly increased. Network 
class that was acting as a god class (Fowler 1999) in the system earlier, has been cut to 
proper size and its functionality has been distributed to other classes as Node, Printer, 
Workstation, etc.Thus, resulting in the usual benefits of refactoring. We present 10 
revisions of the LanSimulation project, each revision was created by applying one or 
more refactorings on the production and test code. In Table 5.2 the effect of each 
refactoring on the production code is described.  The changes performed on the 
production code ensure fulfillment of all three essential conditions for the production 
code.  
 

http://code.google.com/p/lansim-refactoring/source/checkout�
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Figure 5.2. Production code in the LanSimulation project after refactoring 

 
 

Table 5.2. Effects of  refactorings on production code in the LanSimulation project 
 

R# Refactoring Applied Description of changes in the production code 

r0 - Initial commit; verified that everything is properly working; all 
tests verified 

r1 Extract Test Class No changes made in the test code 

r2 Extract Method Refactored method Network.consistentNetwork: removed long 
method smell 

r3 Introduce Class, 
Introduce Field, 
Introduce Parameter 

Refactored Network.requestBroadcast: a new class LogManager 
was introduced. This prompted further changes including 
introducing a new field logManager in the Network class that 
consequently led to introduction of a new parameter in Network 
constructor and DefaultNetwork method. This introduction of 
new parameter resulted in broken tests and client code. 

r4 Introduce Method,  
Introduce Field, 
Introduce Parameter 

Refactored Network.requestBroadcast: introduced new methods 
sendPacket and receivePacket in the Node class and moved the 
corresponding code from the Network class to the Node class. 
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This required introducing a new field logManager in Node class 
as well and required introducing a new parameter to Node 
constructor that resulted in broken test code. 

X Introduce Method, 
Move Method 

Refactored Network.requestWorkstationPrintsDocument:  
introduced a new method transmitPrintPacket to the Node class 
and also moved printDocument from Network to Node 

r6 Move Method Refactored Network: moved printOn, printHtmlOn and  
printXmlOn from Network to Node class 

r7 Introduce Method Refactored Node.transmitPrintPacket: introduced two methods 
isDestinationReached and isOriginReached and  moved the 
necessary logic to Packet class 

r8 Replace type code 
with state/strategy 
Remove Field, 
Change Parameter, 
Introduce Method, 

Refactored Node: made several changes - the most  important 
being the extraction of subclasses Printer and  Workstation 
through application of State pattern. Other changes included 
removing the field type from Node as after extracting the 
subclasses, there was no need left for keeping type information. 
This again resulted in changing the Node constructor. A method 
equalsType was introduced. 
The changes invalidated the client and test code but this time the 
reason was the introduction of subclasses as now the client code 
had to instantiate appropriate objects of the child classes rather 
than the parent Node class. 

r9 Change Parameter Refactored  Network: change parameter in several methods that 
resulted in broken client and test code 

r10 Extract Class / 
Interface 

Refactored Printer: extracted interface Message and classes 
Document and its subclasses AsciiDocument and PSDocument 
(through applying State Pattern) – resulted in broken tests and 
client code 

 

5.4.3. Refactoring with Test Adaptation              

In contrast to the existing approaches of refactoring, test adaptation and reorganization 
helps in the fulfillment of essential condition 3 that requires improvement in the internal 
structure of the test code along production code. In Table 5.3, the adaptation steps 
performed on unit tests and the test smell removed due to these steps have been 
described. Using the existing methods and techniques of refactoring, the quality of unit 
tests is negatively affected. Not only new test smells are introduced but the existing ones 
also remain. On the contrary as demonstrated in Table 5.3, a number of test smells were 
removed in each revision of LanSimulation example by applying the test adaptation 
mechanism along refactoring. As we can see in Figure 5.3, the responsibilities of the 
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LanTests class have been properly distributed to the unit tests corresponding to each 
class in the production code. 
 
Table 5.3. Test smells removed after performing test adaptations in the LanSimulation 

project 
 

R# Broken 
Tests / 
Client? 

Test Adaptation Test Smell 
Removed 

r1 No Extract Test Classes: created separate test classes for the corresponding 
classes in source i.e.  Network, LanSimulation, Packet and Node.  
 
Move Test Methods 

• testBasicPacket to PacketTest Class. 
• testBasicNode  to NodeTest Class. 
• testDefaultNetworkToString(),testWorkstationPrintsDocument()

,testBroadcast(), testOutput(),PreconditionViolationTestCase 
and testPreconditionViolation() to NetworkTest Class. 

god Test 
Class, 
 
Indirect Test 

r2 No There is not any specific unit test for  Network.consistentNetwork 
method therefore this refactoring does not lead to Extract test method 
refactoring. The newly created methods are private: 
verifyRegisteredWorkstations(),                            
verifyWorkstationsCount(),verifyPrinterExists(),                   
verifyTokenRing(). Hence, no new test methods are created. 

 

r3 Yes 1. Create unit test for LogManager  
2. The elaboration of the objects of Network class and calls to  
 
DefaultNetwork method are updated to include the new parameter. 
 

Missing Test 
Class 

r4 Yes 1. Create new test methods for sendPacket and receivePacket in the 
Node Test class. 

2. The elaboration of the objects of Node class and calls are updated to 
include the new parameter. 

Eager  Test 

r5 No 1. Create new test methods for transmitPrintPacket 
2. The test method for printDocument does not exist, therefore instead 

of moving, create a test method in the NodeTest class. 

Missing Test 

r6 No Create test methods for printOn, printHtmlOn and printXmlOn in the 
NodeTest class. 
 

Eager/ 
Indirect Test 

r7 No No changes made to the test code 
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r8 Yes 1. Create test subclasses of NodeTest class, namely PrinterTest and 
WorkstationTest. 

2. The elaboration of the objects of Node class . 

Missing test 
class 

r9 Yes Calls to the methods whose parameters are changed are updated   
r10 Yes 1. Create test classes for Document and its subclasses 

AsciiDocument and PSDocument.  
Missing 
Test class 

     

 
Figure.5.3. LanSimulation project (test code) after refactoring with test adaptation 

 
5.4.4. Measurements  

In this section we have provided the detailed comparative analysis of the conventional 
and our proposed approach using metrics. In Tables 4.4 and 4.5 we list down metrics for 
size, complexity, cohesion and duplication. These metrics have been calculated using 
Sonar (2012) for test code, production code and also complete code of LanSimulation 
example for the existing and the proposed approaches of refactoring. In this section 
following abbreviations have been used:  
 

BR Before Refactoring 
ARW/OTA After Refactoring Without Test Adaptation 
ARWTA After Refactoring With Test Adaptation 
LOC Lines Of Code 
NCLC Non-Commented Lines of Code 
STMTS Statements 
CC Cyclomatic Complexity (number of execution paths) 
LCOM Lack of Cohesion in Methods  
RFC Response For Class 
NOM Number Of Methods 

 



84 
 

Our proposed approach for test adaptation not only focuses on syntactic adaptation 
(essential condition 3) of test code but also helps in restructuring of test code, so that the 
test code resides in its right home (essential condition 2). 

 
Table 5.4. Size metrics (in units) of the LanSimulation project before/after refactoring 

with/without test adaptation 
 

 Size 
   LOC NCLC NOM Public API STMTS 

 
Test Code 

BR 338 281 12 12 147 
ARW/OTA 343 277 12 12 150 
ARWTA 605 400 33 35 206 

 
Production 

code 

BR 848 481 19 28 331 
ARW/OTA 1059 538 55 65 293 
ARWTA 1059 538 55 65 293 

 
Complete 

code 

BR 1186 762 31 40 478 
ARW/OTA 1402 815 67 77 443 
ARWTA 1664 938 88 100 499 

 
We also focus on increasing test coverage, for instance, on extracting a class, a test class 
would be extracted or created, which would be later extended by the developer. IntelliJ 
IDEA and JBuilder take care of the first step in adaptation but the other subprocesses are 
not handled by any of the Java refactoring tools.   
 
5.4.5. Size 

In Table 5.4 the size metrics for LanSimulation example are displayed. According to 
Fowler (1999), refactoring in contrast to optimization usually increases the size of code. 
The increase in code size generally increases the understandability of the code. Our 
findings are also consistent with the observations of Fowler (1999). LOC, NCLC, 
STMTS and Public API all have increased after refactoring. However, the NOM have 
increased in a much greater proportion. This happened because of presence of long 
methods in the LanSimulation example that were refactored.  
 
In Figures 5.4(a) and 5.4(b) we can see that after refactoring with test adaptation, the 
size of test code has tremendously increased. This mainly happened because we applied 
“Replace Type Code with state/strategy” (Fowler 1999) refactoring on the 
LanSimulation project, which lead to creation of many more test classes and the test 
methods as well. Therefore, in this particular case we may conclude that our approach 
for test adaptation would significantly increase the size of test code, if the test code does 
not already cover the complete production code (as is the case in the LanSimulation 
example). In Figures 5.4(a) and 5.4(b) the increase in size has been demonstrated using 
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the aggregate values of NCLC and NOM metrics for before/after refactoring 
with/without test adaptation. 
 

  
Figure 5.4(a). Comparative view of NCLC 

metrics before/after refactoring 
with/without test adaptation 

 

Figure 5.4(b). Comparative view of NOM 
metric before/ after refactoring 

with/without test adaptation 
 

 
Table 5.5. Quality metrics of the LanSimulation project before/after refactoring 

with/without test adaptation  
 

  Complexity  
 

Duplications 
  CC CC / method LCOM RFC Blocks Lines 

Test Code 
BR 52 4.3 2 43 4 50 
ARW/OTA 52 4.3 2 48 2 24 
ARWTA 51 1.2 1.33 133 0 0 

Production 
Code 

BR 19.5 2.65 1.75 76 12 123 
ARW/OTA 9.09 1.73 1 126 2 22 
ARWTA 9.09 1.73 1 126 2 22 

Complete 
Code 

BR 130 2.98 1.8 119 16 173 
ARW/OTA 12.67 1.95 1.08 174 4 46 
ARWTA 7.55 1.495 1.05 259 2 22 

 
5.4.6. Complexity 

The existing approaches for refactoring ignore the quality of test code and only focus on 
the quality improvement of the production code. Complexity is another attribute of 
quality. We calculated Cyclomatic Complexity (Sonar 2012) for the LanSimulation 
project before and after refactoring, with and without test adaptation. This metric 
represents the complexity of a method and complexity of a class. The metric value 
should be as low as possible. Higher values (more than 20) indicate that the software is 
hard to maintain, understand and that the degree of readability is low (Sonar 2012). 
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 In the case of LanSimulation example the CC values prior to refactoring were 52, 19.5 
and 130 for the test code, production code and complete code respectively. The detailed 
results can be seen in Table 5.5 and Figures 5.5 (a & b). We see that the complexity has 
evidently reduced after refactoring but the effect of test adaptation is extremely positive. 
 

  
Figure 5.5(a). Comparative view of CC 

/method before/after refactoring 
with/without test adaptation 

 

Figure 5.5(b). Comparative view of CC 
before/after refactoring with/without test 

adaptation 
 

5.4.7. Duplications 

If the same code structure is present in more than one locations in a system it is called 
code duplication. It is considered a better choice to unify such code, either through 
Extract Method, Extract Class, Pull Up Method or Form Template Method (Fowler 
1999). In the LanSimulation example there was considerable code duplication (see 
Table 5.5 and Figure 5.6). Using the existing approach the code duplication was reduced 
in the production code but duplication in the test code remained. Therefore, using our 
proposed approach the test code is also refactored and adapted. Hence, we observed 
decrease in number of duplicated lines from 173 to 22 after refactoring. The left over 
duplicate code can be removed through further refactoring of the system. 
 
5.4.8. Cohesion 

Cohesion is a good indicator of whether a class meets the Principal of Single 
Responsibility. We have used LCOM (Lack of Cohesion Of Methods) metric (Sonar 
2012) to evaluate the cohesiveness of the LanSimulation project after employing the 
conventional and the proposed approach for refactoring. Sonar’s (Sonar 2012) definition 
of LCOM is different from the conventionally used metric. It measures the number of 
"connected components" in a class. A connected component is a                                                                                                                                
set of related methods and fields. There should be only one such component in each 
class. If there are 2 or more components, the class should be split into smaller classes 
(Sonar 2012). By definition of the metric, a class that is totally cohesive will have an 
LCOM of 1. In real scenarios it is not possible to have LCOM=1 since, all the methods 
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should not access all the fields. A class that is non-cohesive will have an LCOM greater 
than 1. The closer to 1 it approaches, the more cohesive, and maintainable, a class is. 
LCOM prior to refactoring was higher both in the production code and test code because 
of Network and LanTests class. After refactoring without test adaptation the average 
LCOM value for the production code was reduced but the LCOM for test code remained 
high which contributed to the LCOM > 1 for the complete code.  

   
 

Figure 5.6. Comparative view of duplicated 
lines before/after refactoring with/without test 

adaptation 

 
Figure 5.7. Comparative view of LCOM 

metric before/after refactoring with/without 
test adaptation 

 
 
On the contrary after refactoring with test adaptation the LCOM for test code, 
production code and eventually complete code was reduced from 1.8 to 1.05 (See Table 
5.5 and Figure 5.7).  
 
5.4.9. Response for a class 

The response set of a class is a set of methods that can potentially be executed in 
response to a message received by an object of that class (Sonar 2012). The aggregate 
RFC for both the test code and production code has reasonably increased (see Table 5.5 
and Figure 5.8). With the increase in the number of classes the messaging between the 
classes has also raised and so has the RFC. Prior to refactoring there were 5 classes in 
the system including one test class and aggregate RFC for complete code was 119.  
After refactoring with test adaptation the classes in the production code were increased 
to 11, classes in the test code were increased to 9 and aggregate RFC for complete code 
was increased to 259. While, without test adaptation there were 11 classes in the 
production code and one test class and aggregate RFC for complete code was 174. With 
the increase in RFC the maintenance effort also increases.  
 
5.4.10. Coupling 

High coupling is generally considered as a bad design characteristic. But in the context 
of unit tests and their coupling with the production code, it is supposed to be high. After 
the introduction of testing frameworks, the test code is kept separated from the  
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Figure 5.8. Comparative view of aggregate RFC before/after refactoring with/without 
test adaptation 

 
production code physically, While, the logical bonding between these two cannot be 
reduced or broken.So in this very case refactoring with test adaptation would output 
production and test code with higher coupling. Afferent couplings of a class measure the 
number of other classes that use the specific class.  Efferent couplings measure the 
number of different classes used by the specific class.  The ratio of efferent coupling 
(Ce) to total coupling (Ce + Ca) such that I = Ce / (Ce + Ca) is called the Instability 
Index. This metric is an indicator of the class's resilience to change. The range for this 
metric is 0 to 1, with I=0 indicating a completely stable class and I=1 indicating a 
completely instable class (Instability 2012) (see Table 5.6). 
 
In Table 5.6 and Figure 5.11, it can be seen that average instability index for refactoring 
without test adaptation has increased and for refactoring with test adaptation the 
instability index has reduced to 0.71. 
 

Table 5.6. Comparative view of coupling metrics after refactoring with/without test 
adaptation 

 
 Sum of Afferent 

Couplings 
Sum of Efferent 
Couplings 

Average 
Instability Index 

 
Production 
Code 
 

BR 9 6 0.38 
ARW/OTA 40 30 0.47 
ARWTA 53 30 0.420671 

Test Code 
BR 1 3 0.75 
ARW/OTA 1 8 0.888889 
ARWTA 13 33 0.71 

Complete 
Code 
 

BR 10 9 0.43 
ARW/OTA 57 38 0.50 
ARWTA 66 63 0.55 
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Figure 5.9. Aggregate Afferent Couplings 
before/after refactoring with/without test 

adaptation 
 

Figure 5.10. Aggregate Efferent Couplings 
before/after refactoring with/without test 

adaptation 
 

 
Figure 5.11. Aggregate Instability Index before/after refactoring with/without test 

adaptation 
 
This has happened because in the former approach the increase in classes of production 
code has not affected the number of test classes and there is only one test class for 11 
production classes therefore it is highly instable with respect to maintenance. 

 
In Figures 5.9, 5.10 and 5.11 it is obvious that afferent and efferent couplings for the test 
code and production code have increased significantly specifically after refactoring with 
test adaptation. The reason for this increase is, that prior to refactoring most of the code 
was residing in classes namely Network and LanTests. When our approach was applied 
on the code the overall number of classes increased in a bigger proportion as compared 
to refactoring without test adaptation. Due to which coupling level was raised. It is 
interesting to note that the instability index was reduced for the test code in spite of the 
increase in couplings. When it is said that low coupling represents better quality, this is 
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a very subjective statement and needs to be established precisely. Using our results we 
also establish the fact that in the case of relationship between the production code and 
test code, high coupling is required in order to ensure maximum code coverage. In 
conclusion our approach has performed better in terms of adequately associating the 
production and test code. It has also made the system more stable in terms of 
maintenance. 
 
5.4.11. Code Coverage 

Code coverage describes the extent to which the source code of a program has been 
tested (Elbaum et al 2001). In our study we have employed Line Coverage and Branch 
Coverage for measuring code coverage using Cobertura (2012). Line coverage implies 
lines of code that are executed during unit test execution divided by the total number of 
executable lines, while, branch coverage measures the percentage of conditionals that 
are evaluated at least once divided by the total number of branches. As elicited in Table 
5.3, with the evolution of production code, we identified the missing tests and created 
them such that the total coverage increased. The results are apparent in Table 5.7 and 
Figures 5.12 (a & b). The test extension along refactoring of production code results has 
increased branch coverage to almost 50%, whereas line coverage has risen to almost 
97% after refactoring with test adaptation. 
 

Table 5.7. Comparative view of test coverage metrics before/after refactoring 
with/without test adaptation 

 

 

Branch 
Coverage 
(BC)% 

Line 
Coverage 
(LC)% 

# of Uncovered 
Branches (UB) 

# of 
Uncovered 
Lines (UL) 

Before Refactoring 27.75 79.9 76 38 
After Refactoring  without 
Test Adaptation 55.6 86.27 61 28 
After Refactoring With 
Test Adaptation 78.925 96.62 53 8 

 
5.5. Threats to validity 
 
There are several arguments that may come against this study among which first is the 
subject under study.  LanSimulation is frequently used for teaching refactoring process 
at various European Universities for both research and pedagogical purposes. This 
example is sufficiently simple for illustrative purposes, yet covers most of the 
interesting constructs of the object-oriented programming paradigm including 
inheritance, late binding, super calls and method overriding. It has been previously used 
in studies by Mens et al. (2002) and Demeyer et al. (2002). We cannot claim that the    
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Figure 5.12(a). Comparative view 

aggregate branch and line coverage 
metrics before/after refactoring 

with/without test adaptation 

Figure 5.12(b). Comparative view of 
uncovered lines and branches metric 

before/after refactoring with/without test 
adaptation 

 

results can be generalized for any large scale application developed in industrial 
settings.  However, the results indicate that our approach has the potential to give added 
advantage in comparison to traditional refactoring method. The usefulness of our 
approach can be better determined if the same experimental setup is executed in industry 
environment with the industry experts and with the industry level matured source code.  

 
Additionally, since we refactored the system ourselves the results could have been 
affected due to the experimenter’s bias. The use of other quality metrics to measure 
quality may also yield results different from our findings. Our approach also assumes 
that there is always test code against production code. A possible selection bias is 
therefore present. Classes which are “too hard to test” or “too simple to warrant a testing 
effort” usually do not have associated test classes at all. Also, classes implementing 
graphical user interfaces are typically not included in automated test suites. Test 
frameworks like JUnit are not suitable for testing graphical user interfaces. As a result, 
our experiment is limited to within the context of the JUnit (or similar) testing 
framework(s).  
 

5.6. Conclusions 
 
The results of the experiment (Chapter 4) performed on graduate students indicated that 
Fowler’s refactoring guidelines have a potential to be improved. In order to check that 
whether the extended refactoring guidelines would provide any added advantage in 
terms of quality. We refactored LanSimulation (Demeyer et al. 2005), an open source 
software using Fowler’s and our approach. Quality metrics and test code coverage 
metrics have been used to determine the results. The  analysis revealed that refactoring 
performed with test adaptation contributes towards better software quality and coverage. 
On the contrary if these changes are not performed, test code can get infected with 
various test smells including Eager Test, Indirect Test, Test Code Duplication etc. In the 
next chapter, we present a framework for the adaptation of clients and unit tests to that 
can help in eradicating the effects of refactoring. 
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Chapter 6 
 
Adaptation Framework Design for 
Primitive Refactorings 
 
 
6.1. Introduction 
 

In this chapter, we present a high level framework design for adaptation of clients and 
unit tests for a set of primitive refactorings which can be used to describe bigger or 
composite refactorings. This chapter contains: extended guidelines for primitive 
refactorings, a descriptive as well a notational view showing impact of each primitive 
refactoring on different constructs of object oriented software, a class diagram modeled 
in UML describing relationships between these constructs and also the methods they 
perform to do adaptation. We demonstrate construction of primitive, intermediate level 
and composite refactorings with the help of these methods and existing refactorings. 

6.2. Scope of refactoring 
 
 
 
 
 

          
 
  
 

Figure 6.1. UML Model For A Program/Software System 
 

A program or a software system is composed of multiple classes or components. It may 
include inheritance hierarchies, client classes using the functionality of other classes and 
unit test classes which test the functionality offered by various classes in the system at 
the method level. In order to discuss behavior preservation of a program, it is important 
to determine the extent to which the refactoring process affects the program. The effect 
can infiltrate within the ‘Scope’ of the refactored entity – where scope can be defined as 
the total area inside the program where this particular entity can be directly accessed. 
Identification of the scope is important because a change in the refactored entity could 
potentially affect other entities in the program. 
 
For example, scope of a public method is the whole program. Therefore, any refactoring 
involving a public method could affect all components in a software system including 
the class containing it, class’s super or subclasses, client and test classes. Thus, the 
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maximum scope of a program entity can encompass the whole software system or 
program (The outer rectangle in Figure 6.1). In contrast to the observation made above, 
the literature on refactoring, including refactoring guidelines (Fowler 1999) and formal 
specifications (Opdyke 1992) (Roberts 1999) (Garrido and Meseguer 2006) address 
behavior preservation limited to class and its parent/sub classes only (the classes inside 
the dotted rectangle in Figure 6.1). To address the problems mentioned above we extend 
the existing work on refactorings to include the affected clients and unit tests.  
 
6.3. Effect of Primitive Refactorings 
 
As illustrated by Opdyke (1992) refactorings can either be primitive or composite. A 
primitive refactoring is a low level refactoring including a few number of steps such as 
renaming a variable. A primitive refactoring cannot be further decomposed into simpler 
refactorings (Cinnéide 2000). On the other hand, composite refactorings are high level 
refactorings composed of a larger number of steps. These also make use of the primitive 
refactorings to complete the task. Primitive refactorings are usually not executed in 
isolation. The sequence of these low level refactorings form ‘Composite Refactorings’. 
Opdyke (1992) presented proofs of behavior preservation for 23 primitive refactorings in 
his thesis and proved that refactorings composed of these low level refactorings were 
also behavior preserving. For instance, core steps of Move Method (Fowler 1999) can be 
written in terms of: 
 

1. Create new method in the target class 
2. Add method body of the candidate method in the newly added method. 
3. Delete method body from candidate method in source. 
4. Add method body in the candidate method such that it calls the method from 

target. 
 

Therefore, to completely analyze the impact of refactoring on production and test code 
caused by composite refactorings there is a need to identify the affect of primitive 
refactorings on production and test code first.  
 
Opdyke defined primitive refactorings or low-level refactorings, in a very generic and 
simple manner such that in most cases it is trivial to show that they are behavior-
preserving. But our analysis shows that preconditions and refactoring steps documented 
by Opdyke (1992) do not explicitly state many critical steps related to behavior 
preservation of client and unit test classes for the refactored source code. 

 
In order to demonstrate how primitive refactoring can be extended we have documented 
extended guidelines for the most commonly implemented primitive refactorings in Table 
6.1. Columns 2, 3, and 4 of the table show the steps for ensuring behavior preservation 
for each primitive refactoring vis-à-vis the refactored code, the clients and the unit tests 
respectively. The actions provided in these columns are only for adapting effected 
entities and do not include preconditions, postconditions or the core refactoring steps. 
This table clearly shows that refactorings affect the client and unit tests, and in many 
cases unit tests require different treatment than the client codes. Hence we also establish 
that each unit test is not “just another client” and therefore needs special attention. 
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Table 6.1. Primitive Refactorings and their Impact on Production and Test 
Code together 
 
 
Primitive 
Refactoring 

Effect on Class 
being refactored 

Effect on clients Effect on unit 
tests  

Create an empty 
class 

None None Create an 
empty Test 
class 

Create a 
member 
variable 

Update the 
constructor signature 
and constructor body 
of the class being 
refactored to include 
the new member 
variable.  
OR  
Create an overloaded 
constructor.  
 
One may want to add 
the getter and setter 
of the newly created 
member variable 

Update the 
definitions of the 
instances of the 
class being 
refactored using 
the updated 
constructor. In 
this case all client 
classes 
referencing this 
class shall require 
adjustment.  
OR  
Update the 
definitions of the 
instances of the 
class being 
refactored using 
the overloaded 
constructor. This 
case shall require 
adjustment in 
selective clients 
that require the 
newly added field 
to complete their 
operation. 

Update the 
definitions of 
the instances of 
the class being 
refactored 
using the 
updated 
constructor. In 
this case all 
Unit test 
classes 
referencing this 
class shall 
require 
adjustment in 
their setup 
code.  
OR  
Update the 
definitions of 
the instances of 
the class being 
refactored 
using the 
overloaded 
constructor. 
This case shall 
require 
adjustment in 
selective unit 
tests that 
require the 
newly added 
field to 
complete their 
operation. 
(same as 
client) 

Create a 
member 

None None Create a test 
method in the 
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method. Unit test. 
Delete an 
unreferenced 
class 

None None Delete its 
corresponding 
test class. 

Delete an 
unreferenced 
variable 

If the deleted variable 
is a data member of 
the class then update 
the constructor 
signature and 
constructor body of 
the class being 
refactored.  

If the deleted 
variable is a data 
member of the 
class then update 
the definitions of 
the instances of 
the class being 
refactored using 
the updated 
constructor. In 
this case all client 
classes 
referencing this 
class shall require 
adjustment.  
 

If the deleted 
variable is a 
data member 
of the class 
then update the 
definitions of 
the instances of 
the class being 
refactored 
using the 
updated 
constructor. In 
this case all 
Unit test 
classes 
referencing this 
class shall 
require 
adjustment in 
their setup 
code. 
 

Delete a set of 
member 
methods. 

Redundant member 
method 
If the overridden 
member method in 
the child class 
duplicates its parent’s 
member method then 
that method should 
be deleted from child 
class. 
Unreferenced 
Member methods 
Delete Unreferenced 
member methods and 
methods that become 
unreferenced due to 
their deletion. 

 Redundant 
member method 
No change is 
required in the 
clients as they 
will access the 
parent’s member 
method through 
polymorphism. 
Unreferenced 
Member methods 
No change is 
required because 
the member 
methods are not 
referenced 
outside the class. 

Redundant 
member 
method 
Delete the test 
method of the 
redundant child 
class’s member 
method. 
Unreferenced 
Member 
methods 
Delete the test 
methods and 
the associated 
methods only 
referenced by 
the deleted 
methods in the 
test class if any 
exist.  

 Change a class 
name 

Update all 
constructors to reflect 
the new class’s name. 

Update the 
references of the 
class in all the 

Change the test 
class’s name. 
Update the 
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clients. references of 
the class in the 
unit test. 

Change a 
variable name 

If the variable is a 
data member of the 
class then update the 
constructor signature 
and constructor body 
of the class being 
refactored. You may 
want to change the 
names of accessor 
methods for that data 
member. 
If the variable is a 
local variable 
Change the name in 
the list of references 
throughout the class. 

If the variable is a 
data member of 
the class, call the 
updated 
constructor in the 
initialization of 
the instances of 
the class being 
refactored in the 
client classes.  
If the variable is 
static then change 
all the references 
with the new 
name in the client 
classes using it.  
No change 
required for local 
variables. 

If the variable 
is a data 
member of the 
class, call the 
updated 
constructor in 
the 
initialization of 
the instances of 
the class being 
refactored in 
the Unit test. 
 
If the variable 
is static then 
change all the 
references with 
the new name 
in the test 
classes using it.  
 
No change 
required for 
local 
variables.(same 
as client) 

 change a 
member method 
name 

If the particular 
method is overridden 
in any sub class. 
Change its name such 
that it is same as its 
inherited method’s 
name. 

Replace all calls 
with the new 
method name in 
all the clients (if 
any). 
 

Change the 
corresponding 
test method’s 
name.  
Update the test 
method to call 
the member 
method with its 
new name. 
If there is an 
inherited 
overridden 
method in any 
sub class. 
Change its 
corresponding 
test method’s 
name . 

Inline a method 
call 

 If the method is 
private then the 

If the method 
is private or 
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clients remain 
unaffected. 
If the method is 
public or 
protected its calls 
are replaced by 
method body in 
clients and 
subclasses 

protected then 
the unit tests 
remain 
unaffected. 
If the inlined 
method is 
public then it 
requires 
deletion of test 
method 
exclusively 
testing the 
inlined 
method. For 
other test 
methods 
containing 
multiple 
method calls, 
the call of the 
inlined method 
shall be 
replaced by 
containing 
multiple 
method calls, 
the call of the 
inlined method 
shall be 
replaced by 
method body. 

Change the type 
of a set of 
variables and 
methods 

Variable 
If the variable is a 
data member of the 
class then update the 
constructor signature.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable 
If the variable is a 
data member of 
the class, 
Initialize the 
variable’s value 
in the definition 
of class instance 
compatible to the 
new type in all 
clients. 
If the variable is a 
method argument, 
update the client’s 
methods to send 
the argument 
value compatible 
to the new type. 

Variable 
If the variable 
is a data 
member of the 
class, Initialize 
the variable’s 
value in the 
definition of 
class instance 
compatible to 
the new type in 
Unit test’s 
setup code. 
If the variable 
is a method 
argument, 
update the test 
method body 
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 If the variable is 
static then check 
and update all 
assignments to 
this variable in 
the client classes . 
Method 
Change the client 
methods of the 
method (whose 
return type is to 
be changed) to 
get and compare 
the return value 
with types 
compatible to the 
new return type. 
 

to send the 
argument value 
compatible to 
the new type. 
If the variable 
is static then 
check and 
update all 
assignments to 
this variable in 
the test classes  
 Method 
Change the test 
method of the 
method (whose 
return type is 
to be changed) 
to get and 
compare the 
return value 
with types 
compatible to 
the new return 
type. 
 

Change access 
control mode 

Method: none 
Member Variable 
If the access mode is 
set to private from 
public or protected 
then getting and 
setting methods are 
created for the 
member variable. 
These access methods 
can be either public 
or protected based on 
the scope required for 
the variable. 
 
If the variable is only 
internally referenced, 
then the variable’s 
access mode can be 
set to private 
otherwise it should be 
set to public. If the 
access methods are 
only used by sub-

Method: none 
Member 
Variable: 
If the access 
mode is set to 
public, the need 
for getting and  
methods 
diminishes as the 
field can be 
directly accessed. 
But this change 
shall not affect 
the behavior of 
any associated 
client classes. 
If the access 
mode is set to 
private from 
public, then 
public getting and 
setting methods 
shall be used to 
access the 

Method 
If the access 
mode is set to 
private, it 
means the 
method is 
referenced 
internally by 
its owner class. 
Otherwise, the 
method’s 
access mode 
cannot be 
changed to 
private. Delete 
the (empty) 
test method  
from the test 
class because 
private 
methods are 
not tested 
independently 
If the access 
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classes they can be 
set to protected. 
If the access mode is 
set to protected, it 
means the variable is 
only used by the sub 
classes. Otherwise, 
the variable’s access 
mode cannot be 
changed to protected. 
This change requires 
that, getting and 
setting method should 
also be protected or 
private in case the 
field is directly 
accessed by the sub 
classes (Which is 
against the idea of 
encapsulation). 

member variable.  
If the access 
mode is set to 
protected, it 
means the 
variable should 
not by referenced 
by any client 
classes. 
Otherwise this 
change cannot be 
made. 

mode is set to 
public, create a 
test method in 
the test class.  
If the access 
mode is set to 
protected, it 
means the 
method is only 
referenced by 
its owner class 
or by 
overridden 
methods in the 
sub class. 
Otherwise, the 
method’s 
access mode 
cannot be 
changed to 
protected. The 
access mode of 
test method in 
the parent’s 
test class shall 
also be set to 
protected. 
Member 
Variable: 
If the access 
mode is set to 
public, the 
need for 
getting and 
setting 
methods 
diminishes as 
the field can be 
directly 
accessed.  But 
this change 
shall not affect 
the behavior of 
any associated 
test classes. 
If the access 
mode is set to 
private from 
public then 
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public getting 
and setting 
methods shall 
be used to 
access the 
member 
variable in the 
test methods.  
If the access 
mode is set to 
protected, there 
is a need to 
check that the 
variable is not 
referenced by 
any test 
classes. 
Otherwise this 
change would 
invalidate test 
code. 

Adding a 
method 
argument 

If the method is 
internally referenced 
in the owner class 
then update all 
references inside all 
calling methods. 
 
Check parent and 
subclasses for 
overridden methods 
and adjust them for 
any inconsistencies in 
the argument list. 

If the method is 
private, the 
clients shall not 
be affected by the 
change. 
 
If the method is 
public update all 
references to 
reflect the change 
in client classes. 
Default value of 
the newly added 
method argument 
should be visible 
in all clients.  

If the method 
is private, test 
code shall not 
be affected by 
the change. 
If the method 
is public 
update all 
references to 
reflect the 
change in Unit 
tests. 
If the method 
is protected 
update the 
overridden 
method (if any) 
in the 
subclasses to 
match the new 
signature. If 
the overridden 
method is 
public then 
update its test 
method in the 
similar 
manner.  
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Default value 
of the newly 
added method 
argument 
should be 
visible in the 
unit tests. 

Delete a method 
argument /  
reorder method 
arguments 
 

 
 
 
 
 
 
 

 

If the method is 
private, the client 
will remain 
unaffected. 
If the method is 
public update all 
references to 
reflect the change 
in client classes. 
 

If the method 
is private, the 
test code will 
remain 
unaffected. 
If the method 
is public 
update all 
references to 
reflect the 
change in Unit 
tests. 
If the method 
is protected 
update the 
overridden 
method (if any) 
in the 
subclasses to 
match the new 
signature. If 
the overridden 
method is 
public then 
update its test 
method body 
in the similar 
manner.  

Convert 
variable 
references to 
method calls 

 If the accessing 
methods are 
public, Update all 
clients to call 
these methods 
instead of direct 
references to 
variables. 
 

If the accessing 
methods are 
public, Update 
all unit tests to 
call these 
methods 
instead of 
direct 
references to 
variables. 
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6.4. Effect of Primitive Refactorings On Program Entities- A 
Notational View 

Any transformation in one part of the software system, can affect other components and 
their subcomponents subsequently. Change in one part of the system may lead to 
creation or even deletion of other parts. Refactoring, unlike other transformations, need 
to be more systematic and organized because it is supposed to retain software behavior 
even after a complex set of changes where behavior of a system is exhibited through its 
interface. Considering these facts, we have identified the set of elements which are 
affected due to any primitive refactoring. At the top level, a refactoring can affect three 
types of classes: class being refactored (including its parent or subclasses), clients and 
unit tests. In object oriented paradigm, a class is defined as an encapsulation of related 
data and behavior. Therefore, we also analyze the effect of refactoring on the elements 
of each class and call them entities. Entities include methods (body and signature), 
constructors, test methods (body and signature) and member variables (definitions and 
elaborations). 
 
In describing a refactoring, its adaptation methods or its preconditions, it is necessary to 
refer to these program elements. In Table 6.2, we present the effect of primitive 
refactorings on these elements, these are abbreviated as, C: Constructor, M: Method, B: 
Body, S: Signature, V: Variable: D: Definition, E: Elaboration, AM: Access Method, 
CL: Refactored Class, PC: Parent Class, SC: Sub Class, CC: Client Class, TC: Test 
Class, TM: Test Methods, HM: Helper Methods, MV: Member Variables, MM: Member 
Method. 
 
While studying the impact of refactoring on different classes, we observed that an 
adaptation can take any of the three forms {C: Create, U:Update, D:Delete}. For 
example, creation of a public method results in the creation of a test method or changing 
a variable name can lead to a change in all the references in all clients and unit tests of 
the containing class. If we closely examine the adaptations required for each primitive 
refactoring, we see that most of the adaptations are update operations. In Table 6.2, 
symbol ‘U’ can be seen the most but the meaning of each ‘U’ is different. It can be 
interpreted by observing the other two dimensions (primitive refactoring and affected 
entity) of the table. Therefore, each update operation is performed as an atomic operation 
depending on the type of effected entity and the nature of refactoring. 

 
The effect on CL, TC and CC is based on the effect of refactoring on any of its 
subcomponents. For instance, if any of the entities belonging to a class are updated, 
deleted or created the effect on the class would be considered as an update. The empty  
cells in the tables indicate no action. Also the ‘/’ between notations in the cell depict the 
choice of operation based on the effect of refactoring on any particular entity. In Table 
6.2, the difference between ordinary client and unit test can also be seen. For example, 
on inlining a methodcall, it is replaced by the method body in both clients and unit tests. 
 
 
 
 
 
 



 

103 
 

Table 6.2. A Notational View Showing Impact of Primitive Refactorings 
 

 
 
 

  Refactored Class Clients Unit Test 
 Primitive Refactoring C M     V AM CL PC SC M V C CC V TM TC HM 
   B S D E     B S D E   D E B S  B S 

C
re

at
e Empty class       C             C   

Member variable U/C   C  C U      U  U  U   U   
Member method.  C C    U           C C U   

D
el

et
e 

 

Public Class D D D D D D D         D D D D D   

Member Variable U   D  D U  U        U U  U   
Member Method  D D    U  U         D D U D D 

C
ha

ng
e 

na
m

e 

Public Class U U U U U U U  U U U U U U U U U U U U U U 
Private Data member/Private 
AM U U  U  U U                

Private data member/Public 
AM U U  U  U U  U U     U   U  U U  

Private data 
member/Protected AM U U  U  U U  U              

Public member variable U U  U  U U  U U    U U   U  U U  
Public Static/Global Variable  U    U U  U U    U U   U  U U  
Method Argument  U     U                
Temporary Variable  U     U                
Public Method U U U   U U U U U U  U  U  U U  U U  

C
ha

ng
e 

ty
pe

 M. Variable U U U U U U U  U U U  U U U   U  U   
Global Variable  U U    U   U U    U   U  U   
Method Argument U U U    U U U U U   U U   U  U U U 
Temporary Variable  U     U                
Member Method U U U    U U U U U   U U   U  U U U 
Private Method  U U    U                

C
ha

ng
e 

M
V

 Protected to Private    U  U U  U              
Public to Private    U  U U  U U    U U   U  U U  
Public to Protected    U  U U   U    U U   U  U U  
Private to Public/protected    U  U U                
Protected to Public    U  U U                

C
ha

ng
e 

M
M

 

Protected to Private   U    U  U              

Public to Private   U    U  U U    U U   D D U U/
D 

U/
D 

Public to Protected   U    U   U    U U   D D U U/
D 

U/
D 

Private to Public/protected   U    U           C C U   
Protected to Public   U    U           C C U   

O
th

er
s 

 

Adding a method argument U U U    U U U U    U U   U  U U  
Deleting a method argument U U U    U U U U    U U   U  U U  
Reordering method 
arguments U U U    U U U U    U U   U  U U  

Adding a method body  U                     
Deleting a method body  U                     
Convert variable references 
to method call U U U    U   U    U U   U  U U  

Replacing statement list with 
method call U U U    U                

Inlining method call U U     U U U U    U U   D D U U U 
 
C=Create, U=Update, D=Delete 
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However, in the unit test the test method exclusively testing the inlined method is also 
deleted as the method being tested does not exist anymore. Moreover, creation of a 
member method does not affect the client in anyway but leads to the creation of test 
method in the unit test.  These observations clearly indicate the need to have different 
adaptation mechanism for unit tests. In (Basit et al 2012c, 2013) many scenarios have 
been mentioned where a unit test is adapted in a totally different manner as compared to 
an ordinary client. As can be seen from Table 6.2, 24 scenarios out of 40 (60%) require 
adaptation in case of an ordinary client, whereas unit test class needs adaptation in 32 
(80%) of total scenarios. 
 
6.5. Adaptation Framework Design 
 
In describing a refactoring, its adaptation methods or its precondition, it is necessary to 
refer to various program elements. The principal elements that we make use of, and their 
interrelationships, are depicted as a UML class model in Figure 6.2. Program entities 
that are used in defining adaptation methods are: class, methods, constructors, data 
members, parameter, statements, test class and test method etc. The model represents the 
types, methods, and relationships which are necessary in order to identify affected 
entities for any refactored Java program. 
 
This framework is developed based on the pattern of testing that says (Demeyer et al. 
2002): “Test the interface not the implementation”. The implementation or private 
methods in the class are not tested because these are tested by the other methods that 
invoke them to complete their functionality. In the UML model (Figure 6.2), we define 
an Entity as any Object Oriented construct that can be refactored and can affect public 
interface. An entity can take three forms, either it is a class, a method or a variable. We 
have used composite design pattern in the inheritance structure for the class “Entity” (an 
abstract class), where the entity “Class” can be composed of multiple entities. On the 
right hand side of the model we see that the test class contains the reference to the class 
object, which is basically the test object. And it also contains “Test Methods” which test 
the functionality of the test object. 
 
For all entities in the framework we have considered all specialized cases requiring 
unique adaptations. For instance, for the variable entity, we have created specialized 
classes based on the scope of the variable such as scope of a method argument is limited 
to the method body, a global variable could be accessed anywhere in the system using 
the class name and lastly, the access control mode (public, protected or private) of the 
member variable determines its scope within the software system. For all these 
specialized classes of a variable there shall be unique adaptation methods. In the variable 
entity classes all methods except getContainingClass() are abstract and are overridden in 
the specialized classes in the hierarchy. 
 
Similar to the member variable entity, the method entity has four specialized classes. 
Here we assume that the constructors of the class behave like normal methods (contain 
body and list of parameters). Therefore, a constructor can inherit common functionality 
of all type of methods. Although, in the context of unit tests, testing is limited to the 
interface, but we need to adapt the clients and unit tests at the statement level inside the 
method bodies. Therefore, we consider a method an aggregation of method body and  
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Figure 6.2. UML Model for the Adaptation Framework for Clients and Unit tests 
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signature. Where method body could be composed of three types of statements: 
assignment, method invocation and return statement. Each type of statement has a 
different nature and thus requires diverse adaptation. The makeCompliant() method in 
each statement class is written differently to handle the specific nature of adaptation 
required to make the refactored code compliant with the unit tests or client. 
 
An object declaration defines an object where as elaboration extends the definition by 
allocation of memory using the new operator. On the client end, sometimes refactoring 
requires change in the object elaboration but not in the declaration e.g. create member 
variable refactoring does not affect the declaration but requires adaptation in elaboration 
because a new parameter is added to the constructor of refactored class. This is why we 
analyze the effect of refactoring on the object declaration and elaboration independently  
It can be observed by looking at the UML model that all adaptation methods finally take 
the form of Create, Update or Delete operation. But all entities in the model have 
specific constraints which make their specifications unique. It is important to note that 
the model is provided at the level of detail required to understand the given specification 
of adaptation methods and the primitive refactoring in the later sections. The parameters, 
return types and access modifiers of the methods are not specified. Moreover, the other 
helper methods not required in the demonstrated scenario have also been not shown to 
avoid clutter. 
 
Getter and setter methods are not considered as entities since they do not offer 
functionality except for access to attributes. However, the attributes to which they 
provide access are referred to as entities. Access to attributes/methods of classes outside 
the system boundary (e.g., library classes) is not taken into account. That is because, in 
our approach, the library classes are assumed to be fixed from the programmer’s 
perspective and, therefore, are not subject to refactoring.   
 
6.6. Specification of Adaptation Methods 
 
The methods in the UML model serve different purposes; there are methods that purely 
adapt the calling entities according to their scope and the nature of operation. But there 
are methods that serve as helper methods that provide support to adaptation methods for 
example the getter and setter methods for all entities in the model, getContaintingClass() 
method returns the owner of the calling object and similarly getOverriddenMethods() 
returns the set of  overridden methods from the subclasses.  
 
In the previous sections our focus was identification of entities that get affected due to 
specific primitive refactorings. In this section we follow Opdyke’s (1992) style to define 
predicates on these entities that describe the adaptation methods for clients and unit tests. 
The specifications are influenced by Java style of writing code, so that they can easily be 
understood and therefore be implemented as actual operations for adaptation of clients 
and unit tests while refactoring. In this section we provide functional specifications for 
the PublicMethod entity (see Figure 6.3).  
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Class PublicMethod: Method 
UpdateName(newName) 
{ 
//Note: The implementation will involve complete intervention of the developer, 
none of these actions will be performed without the consent of the developer 
(∀ ci :  ci  ∈ Program. getClasses( ):  
(∀mi: mi ∈ ( ci . getMethods( ) 
or ci . getTestClass( ). getTestMethods( )): 
mi. RefersTo(this)⇒(∀rj ∶ rj ∈ mi. ReferencesTo(this):  
mi. getbody(). replaceWholeString( rj , newName)) ) 
// update method name in all classes 
 
∧ ( ∀ ti : ti  ∈ this. getContainingClass( ). 
getTestClass( ). getTestMethods( ): 
∃( tm1: tm1. containsReferenceTo(this) ∧
 tm1. getName(). hasSubstring(this. name))⇒ 
 tm1. UpdateName(newName))) 
//update name of the corresponding test methods 
 
 ∧ (∀ lmi    ∶ lm i   ∈ this. getContainingClass. getMethods( ): 

lmi. getName() = this. getName())⇒lmi. updateName(newName)) 
//update name of the overloaded methods 
 
 ∧ (∃ p: p = this. getContainingclass(). getParentClass( ): 
(∀ pmi    ∶ pm i   ∈ p. getMethods( ): 
pmi. getSignature() = this. getSignature())⇒ 
pmi. updateName(newName)) 
//update name of the overridden methods up in the hierarchy 
 
∧ ( ∀ si ∶  si  ∈ this. getContainingClass( ). getSubClasses( ): 
(∀ smi    ∶ smi    ∈ si. getMethods( ): 
 smi. getSignature() = this. getSignature())⇒ 
smi. updateName(newName)) 
//update name of the  overridden methods below in the hierarchy 
} 
 
UpdateAccessModifier(newAccessContolMode){ 
 
if newAccessControlMode==Private or newAccessControlMode== Protected 
{ 
(∀ ci :  ci  ∈ Program. getClasses( ),  
(∀mi: mi ∈ ( ci . getMethods( ) 
or ci . getTestClass( ). getTestMethods( )): 
mi. RefersTo(this)⇒ 
(∀rj ∶ rj ∈ mi. ReferencesTo(this):  
mi. Delete(rj)) )  ∧ 
this. getContainingClass( ). getTestClass( ). 
getTestMethod(this. name). Delete( ) 
} 
//  Delete or disable test methods of the candidate method if its access mode has 
been set to private or protected 
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if (newAccessControlMode==AccessControlMode. Private)  
{ 
(∀ sci : sci  ∈ this. getContainingClass( ). getSubclasses( ),  
(∀mi: mi ∈  sci . getMethods( ): mi. RefersTo(this)⇒ 
∀rj ∶ rj ∈ mi. ReferencesTo(this):  
mi. Delete(rj))) 
} 
// Delete references to the method in subclasses whose access mode is set to private 
} 
UpdateReturnType(newReturnType) 
{ 
 (∀ ci :  ci  ∈ Program. getClasses( ),  
(∀mi: mi ∈ ( ci . getMethods( ) 
or ci . getTestClass( ). getTestMethods( )): 
mi. RefersTo(this)⇒ 
(∀ stmt: stmt. containsReferenceTo(this): 
stmt. makeCompliant(this, newReturnType)) 
//In all methods in the system make both sides of statement compliant according to 
the new return type 
 
∧ (∀ lmi    ∶ lm i   ∈ this. getContainingClass. getMethods( ): 
lmi. getName() = this. getName())⇒ 
lmi. updateReturnType(newreturnType)) 
// Change the return type of overloaded methods 
 
 ∧ (∃ p: p = this. getContainingclass(). getParentClass( ): 
(∀ pmi    ∶ pm i   ∈ p. getMethods( ): 
pmi. getSignature() = this. getSignature())⇒ 
pmi. updateReturnType(newreturnType)) 
//change the return type of overridden methods 
 
∧ ( ∀ si ∶  si  ∈ this. getContainingClass( ). getSubClasses( ): 
(∀ smi    ∶ smi    ∈ si. getMethods( ): 
 smi. getSignature() = this. getSignature())⇒ 
smi. updateReturnType(newreturnType)) 
} 
UpdateBody(newBody){ 
this. setBody(newBody) 
} 
Create(){ 
//create new test 
this. getContainingClass( ). getTestClass( ). createTest(this. name) 
} 
Delete(){ 
this. getContainingClass(). getTestClass(). getTestMethod( 
this. name). Delete()  
} 

 
Figure 6.3 Adaptation methods for Public Method Entity 
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6.7. Formal Specification of Refactoring Guidelines 
 
As also stated earlier, refactoring process was first formally specified by Opdyke (1992) 
in his PhD dissertation. He formulated a set of behavior preserving primitive refactorings 
using preconditions written as predicates. Later, other researchers extended the 
definition of refactoring by adding post-condition assertions.  
 
To ensure that a refactoring preserves behavior not just inside the class hierarchy but 
also handles client and test code adaptation, we formally specify the primitive 
refactoring in terms of a triple: {P}S{Q}. P is the precondition or the entry criteria for 
the refactoring process which means it should include the possibility of erroneous input. 
S includes the refactoring and adaptation steps performed on the input program and Q 
specifies the required postcondition encompassing all the affected entities of the 
program.  

 
In this section we demonstrate how ‘Change Method Name’ (see Figure 6.5) is built 
using methods from the previous section. We also show the construction of intermediate 
refactoring ‘Substitute Algorithm of Candidate Methods in Subclasses’ (see Figure 6.6) 
and composite ‘Pull Up Method’ (see Figure 6.7) refactoring using the primitive 
refactorings and adaptation methods. Based on the type of method this refactoring shall 
receive, the adaptation shall take place. For example, if the method is public then the 
scope of this refactoring shall encompass a larger part of the system, in comparison to 
the situation where method is Protected or Private. In this case the updateName() of the 
PublicMethod class shall be invoked (see Figure 6.4).  
 
 

 
 
 

Figure 6.4. Sequence diagram for Change Method Name refactoring 
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ChangeMethodName(Method m, String newName) 
{ 
//Preconditions 
//If the new method name is not unique stop the refactoring 
(∀ 𝐹𝐹𝑖𝑖 :𝐹𝐹𝑖𝑖  ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ): 
 (𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) == 𝑔𝑔𝑔𝑔𝑛𝑛𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔)) ⇒𝑟𝑟𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔  
 
// if m is not private, a method with same name is not already defined locally in a 
Subclass else return 
∧ (𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔( )! = 𝑝𝑝𝑟𝑟𝑖𝑖𝑝𝑝𝑔𝑔𝑔𝑔𝑔𝑔)⇒ 
(( ∀ 𝑔𝑔𝑖𝑖  ∶  𝑔𝑔𝑖𝑖   ∈ 𝑔𝑔ℎ𝑖𝑖𝑔𝑔.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ): 
(∀ 𝑔𝑔𝑚𝑚𝑗𝑗     ∶ 𝑔𝑔𝑚𝑚𝑗𝑗     ∈ 𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ): 
( 𝑔𝑔𝑚𝑚𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔() = 𝑔𝑔ℎ𝑖𝑖𝑔𝑔.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔())⇒ 𝑟𝑟𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔 ) 
//If the inherited member methods of m’s owner class contains method with the same 
name but different signature, return. 
∧ (∀ 𝐹𝐹𝑖𝑖 :𝐹𝐹𝑖𝑖  ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑟𝑟𝑖𝑖𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
: (𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) = 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) ∧  𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )! 
 = 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔())⇒𝑟𝑟𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔 ) 
 
// In all inherited methods of m’s owner, if there is a method F with same name as m 
then the owner of m and its subclasses should not have a reference to F or F is 
semantically equivalent to m else return 
∧ ! (∀ 𝐹𝐹𝑖𝑖 :𝐹𝐹𝑖𝑖  ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑟𝑟𝑖𝑖𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ):  
(𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) = 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) )⇒ 
(∀ 𝑔𝑔𝑗𝑗 : 𝑔𝑔𝑗𝑗  ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔()  

∪𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ) 
:𝐹𝐹𝑖𝑖 .𝑟𝑟𝑔𝑔𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑢𝑢𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔�𝑔𝑔𝑗𝑗 � ∨   𝐹𝐹𝑖𝑖 . 𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑖𝑖𝑝𝑝𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑚𝑚)))⇒𝑟𝑟𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔  
 
// if there is an inherited member method F with the same name and the signatures 
match.Then either F is unreferenced on instances of the class that contains m (or its 
subclasses), or the renamed method is semantically equivalent tothe method it replaces.) 
∧ ! (∀ 𝐹𝐹𝑖𝑖 :𝐹𝐹𝑖𝑖  ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑟𝑟𝑖𝑖𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ): 
(𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) = 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( )  ∧  𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )! =
𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )) 
⇒�∀ 𝑟𝑟𝑗𝑗 : 𝑟𝑟𝑗𝑗 ∈ 𝑟𝑟𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝐹𝐹𝑖𝑖) �:𝑟𝑟𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ) =
𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )  ∨  ∀ 𝑔𝑔𝑗𝑗 : 𝑔𝑔𝑗𝑗 ∈ 𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔()  
∪𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ): 
�𝑚𝑚.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )  = ∅� 
∨   𝐹𝐹𝑖𝑖 . 𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑖𝑖𝑝𝑝𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑚𝑚)) ⇒𝑟𝑟𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔 
 
m.updateName(newName) //Adaptation 
 
m.setName(newName) //Refactoring 
 
return true //post condition assertions} 
 

Figure 6.5.Formal Specifications for Change Method Name Refactoring 
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6.7.1. Substitute Algorithms of candidate methods in subclasses 

 
This refactoring is an intermediate level refactoring that takes a parent class and a 
candidate method as an input which belongs to its subclass. The refactoring initially 
checks that whether all subclasses have methods with the same signature as that of the 
candidate method so that their bodies can be replaced by that of the candidate method’s 
body.  
 
Arguments: P (parent class), F (Candidate method) 
 
Precondition 
// In all the subclasses of P there exist methods that have same signature as that of F 
(∀ 𝑔𝑔𝑖𝑖| 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗 ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔())  ∧ 
(∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈ 𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔()) 
 
R1: Use “Substitute Algorithm” (Fowler 1999) on all the candidate methods in the 
subclasses of P to make them identical, using the algorithm in F.  
 
Postcondition  
 
// All the methods and their test methods with the same signature as that of F and FT in 
subclasses of P and PT respectively have same method bodies 
∀ 𝑔𝑔𝑖𝑖� 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗 ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) ∧� 
(𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )) 
∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ) 
�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈ 𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) ∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔()

= 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() ∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠()) 
 

 

Figure 6.6 .Formal Specifications for Substitute Algorithm for Candidate Methods in 
Subclasses 

 

6.7.2. Pull Up Method Refactoring 
 

The strict preconditions and postconditions guarantee that refactorings are applied 
correctly and therefore preserve externally observable behavior. For each refactoring, we 
perform the following: 

o The correctness of a refactoring is judged by evaluation of certain conditions. 
Where some conditions apply prior to its application called preconditions. These 
preconditions have to be fulfilled before executing the refactoring steps.  

o After the fulfillment of these initial conditions comes the mechanics execution 
part. These steps are the core steps of refactoring which actually preserve 
behavior because all the side  effects that could occur due to this program 
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restructuring have already been resolved in the early condition check. The core 
refactoring steps are labeled as Ri and the corrective/Adaptive action is labeled as 
Ai where i is the number of the adaptive action for fulfilling any particular 
precondition. 

o As a last step we analyze that whether the end result is a true consequence of the 
preconditions and the mechanics or not. This is done by evaluating the post 
condition assertions.  

 
In this chapter, we apply our technique to “Pull Up Method”, a prototypical example for 
a complex refactoring. Bigger refactorings need smaller refactorings to complete their 
functionality, there is a need to prove that each of those used refactorings is also 
behavior preserving. For example, “Pull Up Method” refactoring uses “Rename 
Method” (Fowler, 1999) or “Change Method Name” (Opdyke 1992) to rename the 
candidate methods’ names in the subclasses. Moreover, we also suggest that to extend 
readability, user defined refactorings at intermediate level could also be defined. This 
makes complex refactorings more comprehendible. We define a refactoring named 
“Substitute Algorithms of all candidate methods in subclasses” that uses “Substitute 
Algorithm” (Fowler, 1999) refactoring to make all candidate methods identical in all 
subclasses at one level of hierarchy. We provide the specifications for these refactorings 
Figure 6.5 ,6.6 and 6.7. It is important to note that we have used methods from the 
adaptation framework to define refactorings at all levels including primitive, 
intermediate and the composite level. 
 
In the “Pull Up Method” example, we determine the refactoring’s essential initial 
conditions. These conditions ensure that applying the refactoring results in a 
syntactically as well as semantically valid program. As we claim in the previous 
sections, we not only take into account of the validity of the code being refactored, but 
also the associated clients and unit tests. In the “Pull Up Method” example, a  method 
can be moved from a sub class to its parent class only if  the parent class does not 
already contain a method with the same signature (syntactic check) (see Figure 6.7(c)) or 
the similar body (semantic check) and also it should qualify other preconditions (see Pull 
Up Method later in this section).   
 
This refactoring helps to generalize a method by moving it from a class to its super class. 
The input parameters are: the parent class and the candidate method in the subclass. The 
refactoring is applied on the program's set of classes and if the preconditions hold, the 
transformation is applied; otherwise, the same set of classes is returned without changes. 
The preconditions also take care of adaptation pertaining unit tests and clients. In the 
following specifications CT refers to unit test for class C, similarly FT   implies test 
method for method F. 
 
The preconditions for this refactoring are given in Figure 6.7(a)(b)(c)(d)(e)(f)(g) . These 
preconditions are part of a conjunction which forms a bigger precondition. The 
postconditions are illustrated in Figure 6.7(h). 
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Arguments: P (parent class), F (Candidate method) 
 
Precondition 1 
 
1.1 Inspect the methods in subclasses and their corresponding test methods to ensure 
their signatures are identical. 
(∀ 𝑔𝑔𝑖𝑖| 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗 ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔())  ∧ 
(∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈ 𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔()) 
 
If precondition 1.1 is false, perform the following: 
 
A1:  Change the signatures to the one you want to use in the super class by using the 
appropriate set of primitive refactorings (Opdyke, 1992; Fowler,1999) given below: 
 A1.1: Use Rename Method/ Change Method Name if the names need to be 
consistent. 
 A1.2: Use Add/Remove Parameter if arguments need adjustment 
 A1.3: Use Change Access Modifier 
 A1.4: Use Reorder Arguments 
 
Note: The primitive refactorings mentioned above (A1.1 to A1.4) shall take care of clients 
and test code adaptation to eradicate the side effects caused due to them. 
 
1.2 Inspect the candidate methods in subclasses to ensure their bodies are identical.  
∀ 𝑔𝑔𝑖𝑖� 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗 ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) ∧� 
(𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )) 
 
A2: If precondition 1.2 is false perform the following: Substitute Algorithms of candidate 
methods in subclasses (P, F) 
 
1.3 Inspect the test methods in test subclasses to ensure their bodies are identical.  
∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ) �∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈ 𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) ∧
𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() ∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠()) 
 
A3:  If the test methods look like they do the same thing but are not identical apply 
Substitute Algorithms of candidate methods in subclasses(PT, FT) 
If the methods cannot be made identical, stop the refactoring. 
 
 
Figure 6.7 (a) .Formal Specifications for Precondition 1 of Pull Up Method Refactoring 
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Precondition 2 
 
2.1 The body of candidate method and the identical methods in direct subclasses do not 
call other methods using super. 

∀ 𝑔𝑔𝑖𝑖| 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗 ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠() ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )

= 𝐹𝐹𝑗𝑗𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() ∧ 𝐹𝐹𝑗𝑗 .𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑔𝑔𝑟𝑟𝑝𝑝𝑔𝑔𝑟𝑟) = 𝑔𝑔𝑖𝑖𝑔𝑔) 
 
2.2 The body of candidate method’s test and its identical test methods in direct 
subclasses do not call other methods using super. 
∀ 𝑔𝑔𝑖𝑖| 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹j ∈  𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠() ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )

= 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() ∧ 𝐹𝐹𝑗𝑗 .𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑔𝑔𝑟𝑟𝑝𝑝𝑔𝑔𝑟𝑟) = 𝑔𝑔𝑖𝑖𝑔𝑔) 
∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∃ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈  𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠() ∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( )

= 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔() ∧ 𝐹𝐹𝑗𝑗 .𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑔𝑔𝑟𝑟𝑝𝑝𝑔𝑔𝑟𝑟) = 𝑔𝑔𝑖𝑖𝑔𝑔) 
If precondition 2.1 and/or 2.2 is false, perform the following: 
A1: Find a way to replace the calls to super object with the appropriate method calls. 
 
 
Figure 6.7 (b) .Formal Specifications for Precondition 2 of Pull Up Method Refactoring 

 
 
Precondition 3: 
 
There does not exist a method in the super class whose signature is same as the 
candidate method’s or it is doing the same as the subclass’s method. 
(∀ 𝑭𝑭𝒊𝒊| 𝑭𝑭𝒊𝒊  ∈  𝑷𝑷.𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈( ) ∧ !𝑭𝑭.𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒊𝒊𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈( ) = 𝑭𝑭𝒊𝒊 .𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒊𝒊𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈() 

∧ !𝑭𝑭. 𝒈𝒈𝒈𝒈𝒔𝒔𝒈𝒈𝒈𝒈𝒈𝒈𝒊𝒊𝒔𝒔𝒈𝒈𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒈𝒈𝒊𝒊𝒔𝒔𝒈𝒈𝒔𝒔𝒈𝒈𝒈𝒈𝒈𝒈(𝑭𝑭𝒊𝒊))  
 If the precondition 3 is false then check if the subclass overridden method is doing the 
same as the parent’s class method, in that case go to A2 and skip A1 
A1: Create a new method in the super class and its corresponding test method. 
A2: Copy the body of one of the methods to the method in super class, also copy the 
body of candidate’s test method in the test method (created in step A1) in parent’s test 
class. 
 
Figure 6.7 (c) .Formal Specifications for Precondition 3 of Pull Up Method Refactoring 
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Precondition 4: 
 
4.1 The candidate method does not call any of its containing class’s methods. 
∀𝑚𝑚𝑖𝑖 :𝑚𝑚𝑖𝑖 ∈  𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) 
∀𝑟𝑟𝑗𝑗 : 𝑟𝑟𝑗𝑗  ∈ 𝐹𝐹.𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑚𝑚𝑖𝑖) = 𝑔𝑔𝑖𝑖𝑔𝑔 ∧ ∀𝑟𝑟𝑗𝑗 : 𝑟𝑟𝑗𝑗  ∈ 𝐹𝐹𝑇𝑇 .𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑚𝑚𝑖𝑖) = 𝑔𝑔𝑖𝑖𝑔𝑔  
If precondition 4 is not true, 
 
A1: See if you can pull up the referenced local methods to the parent class using Pull Up 
Method refactoring. 
 
A2: If you are in a strongly typed language and the method calls another method that is 
present on both subclasses but not the super class, declare an abstract method on the 
super class. 
 
4.2 The candidate method’s test method does not call any of its containing class’s 
methods or the methods in the candidate’s containing class. 
 
A3:  Check if there are any private methods in unit tests of all sub classes exclusively 
used by the candidate method’s test. If exist such methods move these to the super class 
test using ‘Pull Up Method’ refactoring. If the methods cannot be moved up find a way 
to get their functionality in the super class. 
 
A4: If the candidate’s test method is referring to member methods of candidate’s owner. 
Check if you can pull up the referenced local methods to the parent class using Pull Up 
Method refactoring. 
 
Figure 6.7 (d) .Formal Specifications for Precondition 4 of Pull Up Method Refactoring 

 
 
 
Precondition 5: 
 
The candidate method/test method does not refer to any of the subclass’s fields. 
∀𝑔𝑔:𝑔𝑔𝑖𝑖 ∈  𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝐹𝐹𝑖𝑖𝑔𝑔𝑔𝑔𝑜𝑜𝑔𝑔( ) 
𝐹𝐹.𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑔𝑔𝑖𝑖) = 𝑔𝑔𝑖𝑖𝑔𝑔 ∧ 𝐹𝐹𝑇𝑇 .𝑢𝑢𝑔𝑔𝑢𝑢𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔(𝑔𝑔𝑖𝑖) = 𝑔𝑔𝑖𝑖𝑔𝑔  
 
A1: If the method/test method uses a subclass field, use Pull Up Field or Self 
Encapsulate Field (Fowler, 1999) and declare and use an abstract getting method.  
 
 
Figure 6.7 (e) .Formal Specifications for Precondition 5 of Pull Up Method Refactoring 

 
 
 
 
 



 

116 
 

 
Precondition 6: 
 
Check if there exist any methods up in the inheritance hierarchy of the parent class that 
have same signature as that of the candidate method. Warn the developer of possible 
invalid overriding, if that is the case, apply Rename Method (Fowler 1999) prior to 
refactoring. 
 
(I=P)  
(∀ 𝐹𝐹𝑖𝑖| 𝐹𝐹𝑖𝑖  ∈  𝑔𝑔.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ): !𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑖𝑖 ..𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠() ∧ 
𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) = 𝐹𝐹𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ))⇒ 𝐹𝐹.𝑈𝑈𝑝𝑝𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔(𝒈𝒈𝒈𝒈𝒏𝒏𝒏𝒏𝒈𝒈𝒔𝒔𝒈𝒈) ∧(I= 
I.getParentClass()) 
 
 

Figure 6.7 (f) .Formal Specifications for Precondition 6 Pull Up Method Refactoring 
 
 
Precondition 7: 
 
The candidate method should not be a ‘main’ method or a “constructor”. 
𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) ! = "main" ∧  
𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔( ) ! = 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑚𝑚𝑔𝑔()  
If all preconditions are true perform the following: 
 
Refactoring Steps 
R1: Delete one subclass method and its corresponding test method  
R2: Compile and test. 
R3: Keep deleting subclass methods and their corresponding test methods. Keep testing 
until only the super class method and test method remains. 
A1: Take a look at the callers (clients) of this method to see whether you can change a 
required type to the super class. 
 

Figure 6.7 (g) .Formal Specifications for Precondition 7 Pull Up Method Refactoring 
 
 
Postconditions 
// The method and its corresponding test method should be moved to the parent class ad 
parent’s test class respectively. 
𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ).𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔(𝐹𝐹) ∧(∀ 𝑔𝑔𝑖𝑖| 𝑔𝑔𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( )�∄ 𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈
𝑔𝑔𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( ) ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) ∧ 𝐹𝐹.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( ) =
�𝐹𝐹𝑗𝑗 � .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔()) 
∧ ∀ 𝑔𝑔𝑇𝑇𝑖𝑖 | 𝑔𝑔𝑇𝑇𝑖𝑖 ∈ 𝑃𝑃.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔( ) 
�∄𝐹𝐹𝑗𝑗 � 𝐹𝐹𝑗𝑗  ∈  𝑔𝑔𝑇𝑇𝑖𝑖 .𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔( )  ∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠( ) = 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠() 
∧ 𝐹𝐹𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟( )

= 𝐹𝐹𝑗𝑗 .𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔( ) ∧  𝑃𝑃𝑇𝑇 .𝑔𝑔𝑔𝑔𝑔𝑔𝑇𝑇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ𝑔𝑔𝑜𝑜𝑔𝑔.𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑖𝑖𝑔𝑔𝑔𝑔(𝐹𝐹𝑇𝑇) 
 
Figure 6.7 (h) .Formal Specifications for Postconditions of Pull Up Method Refactoring 
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6.8. Conclusions 
 

In this chapter we have provided a high level framework design for including client and 
unit test adaptation procedures in the existing refactoring support. With the help 
adaptation methods and the extended definitions of primitive refactoring guidelines, we 
have defined high level or composite refactorings. Following Opdyke’s (1992) argument 
on behavior preserving refactorings, the formation of our defined composite refactoring 
is behavior preserving since it includes all required preconditions, behavior preserving 
primitive refactorings and the postconditions. The framework presented in this chapter 
helped us in the development of prototype of TAPE(Test Adaptation Plugin for Eclipse), 
its details can be found in Appendix A. 
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Chapter 7 
 
Conclusion and Future Directions 
 
 
7.1. Introduction 
 
In Chapter 2, we raised various questions about the impact of refactoring on clients and 
unit tests. We noticed that there exists conflicting evidence on the benefits of refactoring.  
For instance, it was observed that refactoring support can introduce semantic as well 
syntactic defects in the production and test code. Additionally, some of the research 
work also contributed towards identifying a negative correlation between refactoring and 
software quality in certain cases. Moreover, the existing literature on refactoring and its 
support completely ignored the adaptation of unit tests along refactoring production 
code. We shared our observations with research and development community through a 
web based survey and found very promising response.  
 
In this thesis, we evaluated four commonly used Java refactoring tools from the 
perspectives mentioned above. These include Eclipse (2011), IntelliJ IDEA (2011), 
JBuilder (2011) and NetBeans (2011). We extended 39 primitive refactorings by Opdyke 
(1992) as well as 4 composite refactorings by Fowler (1999). We also exhibited with the 
help of an open source code that overall quality is deteriorated if unit test adaptation is 
not performed along refactoring. The extended refactorings have been used to develop 
an adaptation framework as well.  
 
In this chapter, we summarize the contributions, limitations and possible research areas 
associated with each research question and an assorted list of future directions. 
  
7.2. Refactoring in General  
 
7.2.1. Does refactoring improve overall software quality?  
 
Software quality has a broad spectrum. In this thesis, we emphasized that quality of 
production code should be improved with refactoring but at the same time quality of test 
code should not be deteriorated. In Chapter 5, we have shown that refactoring in general 
improves software quality but if it is not implemented and applied properly it may have a 
negative impact.  Additionally, we also emphasized that with the improvement in quality 
of production code, quality of test code should not be deteriorated. We have illustrated 
with the help of examples that if test code is not adapted along the refactoring in 
production code, overall software quality is deteriorated. We used quality metrics to 
evaluate quality including complexity, duplications, coupling, cohesion and response for 
classes. We believe that external attributes of quality like maintenance, performance, 
understandability should also be measured for a better analysis. Moreover, as mentioned 
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earlier, quality has various perspectives. The proposed approach should be applied on 
projects of different complexity and scales to confirm our results. 
 
7.2.2. What is the state of refactoring guidelines?  
 
In this thesis, we presented a taxonomy that categorizes Fowler’s refactorings based on 
their impact on production and test code (see Chapter 4). This categorization helped us 
identify problem areas in refactoring guidelines. We noticed that issues in these 
guidelines were inherited by various refactoring tools (as described in Chapter 4). 
Hence, we presented extension of a few refactoring guidelines that now include missing 
steps. We empirically evaluated few important refactoring guidelines and others still 
need to be assessed. We also demonstrated construction of composite refactorings with 
the help of primitive and intermediate refactorings both in terms of text and formal 
specifications. As mentioned by one of the experts from our survey (Chapter 3), 
language specific refactoring catalogs should be developed for the developers as well as 
the tool vendors to fulfill the language related constraints for refactoring. We provide a 
roadmap for other researchers to continue research in this area. 
 
7.2.3. Why refactorings should be formally specified and verified?  
 
The need for disciplining the refactoring process has been emphasized throughout this 
thesis. We have criticized Fowler’s catalog for its lack of formalism which is the cause 
for numerous inconsistencies in it. It is believed that creating a formal specification 
forces to make a detailed systems analysis that usually reveals errors and inconsistencies 
in the informal requirements specification. Therefore, error detection is probably the 
most compelling argument for developing a formal specification (Hall 1990). It aids the 
discovery of problems in requirements that can be very expensive to correct later 
(Sommerville 2009). 
 
Since the existing work on formalizing the refactorings does not incorporate adjustment 
of clients specifically the unit tests, in this thesis a framework (see Chapter 6) has been 
presented for the specification of refactorings with these missing perspectives. In order 
to develop this framework, a two dimensional matrix for primitive refactorings and their 
impact on various components of the system has been created. Each cell in the matrix 
takes the value of create, update and/or delete. For each element in the program, a class 
has been made. Every class has its respective create, update and delete operation in 
addition to other helper operations required for writing specifications. These operations 
have been used for writing the formal specifications of primitive, intermediate as well as 
composite refactorings. The advantage of using this framework is that, it supports easy 
development of refactoring specifications that include preconditions, refactoring steps 
and the post conditions. As a result the specifications are consistent and can be 
implemented in an easier manner. 

7.3. Relationship between Refactoring and Unit Tests 
 

7.3.1. What is the relationship between refactoring and unit testing? 

The relationship of refactoring and unit testing is still an under researched topic. In this 
thesis we made an effort to define this relationship. Refactoring is being associated with 
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unit tests for many reasons. Unit tests in comparison to formal methods of testing are 
easier to apply. Hence, developers consider it the only applicable solution in industrial 
settings. Also, the responsibility of the creation and maintenance of unit tests comes 
under the developer. The two activities are closely performed, therefore affect each 
other’s flow. Throughout the thesis we have elaborated this relationship from various 
perspectives. We have shown that they are strongly related and should evolve together. 
In the following subsecitons, we discuss the contributions and future directions on these 
perspectives. 

7.3.2. How is refactored code physically associated with unit tests?  

There exist guidelines and patterns for writing good unit tests, but these guidelines are 
rarely followed (Meszaros and Fowler 2007)(Link and Frohlich 2003). As a result, 
tracking down the unit tests against the production code becomes almost impossible.  In 
this thesis we insist that we should maintain parallel hierarchies of unit tests and 
corresponding production code (see Chapter 5). This would not only ease the creation of 
the unit tests but also the maintenance required after any change or refactoring in the 
production code. In our extension of Fowler’s refactoring guidelines (see Chapter 4) and 
also in TAPE (Appendix A), we have added steps for unit test adaptation that help in 
creating this mapping.  
 
We have shown that existence of parallel hierarchies of production and test code help in 
test code evolution. However, there is still a need to investigate other styles of physically 
associating production and test code. For Example, it would be useful to study the effect 
of test code written in user defined classes, inside production code or in unit testing 
frameworks. 

7.3.3. Why code and unit tests should evolve together?  

In this thesis we advocate in favor of co-evolution of production and test code. To 
support our claim, we quantitatively analyzed the outcomes of refactoring production 
code with and without evolution of test code (see Chapter 5). Our results lead us to 
believe that the former or conventional approaches contribute towards better software 
quality as compared to the latter approaches.  

7.3.4. Does the availability of unit tests improve the refactoring process?  

Multiple approaches can be used to determine whether the presence of unit tests 
improves the refactoring process or not. Two critical aspects of refactoring are behavior 
preservation and quality improvement. Unit tests serve as a tool for checking behavior, 
therefore their presence is expected to help behavior preservation. In this thesis, we insist 
that quality of the test code contributes towards overall software quality. Hence, 
refactoring process should adapt and refactor test code along production code. In 
Chapter 4 and 5, we have elaborated with examples how quality of overall code can be 
improved by including test code in the scope of refactoring as well as accelerating the 
refactoring process. Since, we have talked about limited scenarios to elaborate this point, 
there is need for extensive research on this topic. 
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7.3.5. What is the impact of refactoring on testing effort?  

Throughout this thesis, we provide evidence for the claim that refactoring impacts unit 
tests in various ways. Therefore, cost and effort is required to adapt unit tests to make 
them consistent with the production code. There has been little research done on this 
topic. Our research can be taken further by empirically evaluating the effort required for 
this adaptation. The researchers can also go beyond the unit tests and explore the 
relationship between refactoring and test artifacts like regression or integration tests. 
  

7.4. Difference between unit tests and production code 
 

7.4.1. How is an ordinary client different from a unit test in the context of refactoring?  
 
Every class that uses the functionality of some class can be considered as its client. Unit 
tests are specialized clients (see Chapter 5). We also demonstrated that there is an 
advantage in treating these two differently. 

7.4.2. How refactoring production code is different from  refactoring unit tests?  
 
In Chapter 5, we see that the refactoring in unit tests is initiated with refactoring in 
production code, whereas, the opposite may not be true. In various scenarios, we 
observed that due to the 1-1 mapping between production and test code hierarchies, 
movement or extraction of one element in production code leads to the refactoring of the 
corresponding element in the test code. However, refactoring test code does not lead to 
refactoring in production code.  
 
Nevertheless, further examination is required for a better understanding of the impact of 
refactoring of the test code on the test suite structure, its behavior and its verification 
process. 

7.5. Effect of Refactoring on Unit Tests 
 

7.5.1. In what ways refactorings affect unit tests?  

We have explained in detail the effect of each type of refactoring on unit tests (see 
Chapter 4,5 and 6). We have given a broader view of the picture by identifying the 
impact of each primitive and common composite refactorings on unit tests. We have 
empirically evaluated a few refactorings. There is still a need for experimentation to 
judge the observations elaborated in this thesis for other composite refactorings. The 
effect of refactoring on unit tests may vary if we add the dimensions of project size, 
scale, complexity, nature etc. These attributes may also be included to achieve results for 
different types of projects.  

7.5.2. Do refactorings introduce test smells in test code or deteriorate quality of the test 
code?  

One of the side effects of refactoring is that, it may disturb the original mapping between 
production and test code. Due to which various design principles are violated leading to 
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appearance of test smells. We have answered this question in Chapter 5 by refactoring an 
open source project, where we show that if test code is not organized in parallel to the 
restructuring in the production code, test code gets infected with test smells. There is 
need for further investigation to determine test smells caused by refactorings not 
included in our analysis. 

7.6. Tool support 
 

7.6.1. Do refactoring tools syntactically break unit tests? 
 
There are many refactoring tools in the market today. We have evaluated limited 
functionality of a few commonly used refactoring tools for Java including Eclipse 
(2011), IntelliJ IDEA (2011), JBuilder (2011) and NetBeans (2011).  It was observed 
that some tools fix the syntactic errors, a few warn about possible errors and there are 
others that neither warn nor fix. The detailed analysis is provided in Chapter 4. 
Therefore, we may conclude that some refactoring tools may introduce syntactic errors 
in unit tests and hence require improvement. Other tools should also be evaluated from 
this perspective. 

7.6.2. Do refactoring tools introduce semantic errors in the code? 
 
In Chapter 4, we demonstrated through examples that refactoring tools introduce 
semantic errors in the code. This observation was also confirmed by most of the 
respondents of the survey (see Chapter 3).  In Chapter 4, we identified an assortment of 
semantic defects for a defined set of refactorings. We assessed the tools that were in the 
scope of this study, to determine the occurrence of those semantic defects. This can be 
taken further by broadening the scope of study to include more refactorings and tools. 

 
7.6.3. Which tool provides better automated support for evolving unit tests after 

refactoring? 
 
Many refactorings can be automated, and various tools exist to help the refactoring 
process. Although there exist refactoring support for almost all programming languages 
including C++, C#, VB, Small talk etc. In this thesis, we mostly talked about refactoring 
tools for Java. We evaluated a few commonly used refactorings supported by Eclipse, 
NetBeans, IntelliJ IDEA and JBuilder (see Chapter 4). None of these tools provide all 
features required to perform behavior preserving transformation along complete test 
adaptation. The expert opinion on this question is also similar (see Chapter 3). We saw 
from the results that majority of the respondents gave a positive response on all 
questions related to problems with refactoring tools.  
 
The contribution of this thesis is the identification of various issues with the refactoring 
tools including violation of semantics, syntax, design principles and deterioration of 
quality in both production and test code. In Appendix A, we presented TAPE, a working 
prototype to demonstrate the difference between our approach and existing refactoring 
tools. Since, the scope of this study was evaluation of refactoring support from certain 
aspects, TAPE has yet not evolved such that it could be used in an industrial setting but 
it can be used for pedagogical purpose in its current state in academic settings (see 
Appendix A).  
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The results of the Expert Survey (Chapter 3), Empirical Evaluation (Chapter 4), 
Quantitative Analysis (Chapter 5), Test Code Adaptation Framework (Chapter 6) and 
TAPE (Appendix A) can guide development of better refactoring tools. 

7.7. Summary 
 
The research in software refactoring continues to be very active. Although commercial 
refactoring tools are being used very frequently, there are still a lot of open issues that 
remain to be solved. In general, there is a need for formalisms, processes, methods and 
tools that address refactoring and unit testing in a more consistent, generic, scalable and 
flexible way. In this chapter we summarized our findings from a fundamental as well as 
from a practical perspective on the relationship between refactoring and unit testing. We 
believe that this list of questions can be used as an agenda for future research within the 
area of software refactoring and unit testing.  

 
This thesis extends the state of the art in refactoring in multiple ways. The novel 
contribution of this thesis is, establishing that unit test is a specialized client in the 
context of refactoring. Therefore, it requires additional adaptation procedures. To 
support our claim we performed the following: 

 
1. A comprehensive literature review by answering research questions on 

refactoring and unit testing as done in a SLR (Systematic Literature Review). 
2. A web based survey of experts on refactoring and unit testing practices. This 

survey is unique in its nature. It highlights the importance of the problem under 
study. 

3. Development of a mutually exclusive categorization of refactorings based on 
their impact on unit tests and production code. This categorization reduced the 
problem space by segregating the refactorings requiring extension from the ones 
that do not need extension. 

4. Analysis of refactoring tools and Fowler’s guidelines, showed how they do not 
differentiate between ordinary clients and unit tests.  

5. A small experiment to show that there is a potential for improvement in 
Fowler’s guidelines  

6. Extended Fowler’s refactoring guidelines by incorporating missing 
preconditions, adaptation steps and postconditions. 

7. Evaluated the extended refactoring guidelines by applying these in parallel to 
Fowler’s refactoring guidelines on an Open Source code. Provided a quantitative 
analysis, comparing the two techniques. 

8. Developed extended refactoring guidelines for Opdyke’s primitive 
refactorings. 

9. Developed a notational view showing the impact of each primitive 
refactoring on production code and unit tests in the form of CUD (Create, 
Update and Delete). 

10. Developed a high level design framework for addressing the effects of 
refactoring on clients and unit tests that can provide a basis for automation. 

11. Demonstrated the development of composite refactorings using primitive as 
well as intermediate refactorings using formal specification techniques. 

12. Development of a prototype TAPE(Test Adaptation Plugin for Eclipse). 
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Appendix A 
 
TAPE (Test Adaptation Plugin for Eclipe) 

 
 

A.1 Introduction 
 

TAPE (Test Adaptation Plugin for Eclipse) is a working prototype that demonstrates the 
concept of test adaptation by allowing the user to apply refactorings remaining in the 
Eclipse IDE but it automatically adapts the test code and evaluates required 
preconditions. The refactorings have been implemented using the extended refactoring 
guidelines as described in previous chapters. In this chapter, the basic architecture of 
TAPE and its working has been discussed. It has been also demonstrated how TAPE 
performs Pull Up Method refactoring with precondition evaluation and adaptation of unit 
tests. 
 
A.2 TAPE  

 
TAPE enhances the functionality of the existing Eclipse refactoring plugin for Java. 
Eclipse provides refactoring architecture as implemented by the LTK Refactoring plug-
ins. LTK Refactoring plug-in is based on two parts: Core and IU. To develop TAPE, 
org.eclipse.ltk.core.refactoring plug-in has been enhanced to provide evaluation of 
additional preconditions as well as test adaptations. Following classes have been 
modified to achieve our required functionality from the refactoring tool. 

 
A.3 Refactoring Class 

 
The refactoring class is the principal component of a refactoring and implements most of 
the refactoring-specific functionality. To implement any refactoring, it is required to 
extend the abstract class org.eclipse.ltk.core.refactoring.Refactoring.  
 
Following method templates are used in most of the refactorings.  
 

• checkInitialConditions() :This method checks for the activation conditions. It 
makes sure that the workspace is in consistent state and the refactoring can be 
performed.  

• checkFinalConditions() : This function makes sure that all the necessary input 
have been provided and the workspace is ready to apply changes. 

 
A.4 Refactoring Wizard  
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Refactoring wizards are used to present refactorings in the user-interface. A refactoring 
wizard implementation must extend the abstract class org.eclipse.ltk.ui.refactoring. 
RefactoringWizard. A wizard class is required to implement the abstract method named 
addUserInputPages to add refactoring-specific input pages to the refactoring wizard. 
 
A.5 Refactoring Action  

 
Refactoring actions are used to launch the refactoring from the user-interface. Checking 
whether or not the action should be rendered in enabled state should happen quickly. To 
enable test adaptation we modified eclipse refactoring lifecycle (see Figure A.1). In 
following life cycle, after initialization TAPE gathers all test cases. First, it checks for 
existence of test cases. If test cases exist then TAPE adapts test cases. We enhanced the 
functionally of the core and UI plugins using extension points. 
 

 
 

Figure A.1 Eclipse refactoring cycle with test adaptation 

 
A.6  Architecture of TAPE 
 
TAPE is composed of different components; some of the components are part of existing 
eclipse plugin. Eclipse refactoring plugin is used to get the production code of the 
workspace, while moreunit is used to generate the test cases related to the production 
code and builds an association with the test cases and their related classes in the 
production code. The inputs to the TAPE are production code with the test cases 
generated by the MoreUnit plugin of the eclipse. TAPE applies refactoring on both 
production and test code so that they become consistent.  
 
TAPE is basically divided into three components (see Figure A.2).  
 
1. UI (User Interface)  
2. Refactoring engine  
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3. Test search engine  

 

 
                              Figure A.2 Components of TAPE 
 
TAPE plugin is invoked using UI of the existing Eclipse refactoring plugin. User 
interface calls the refactoring engine. Refactoring engine then gets all the required 
program constructs including classes, methods or variables required for the refactoring. 
After getting all essential elements they are sent to the test search engine, it then looks 
for the test cases that are associated with the production code received in the test search 
engine. TAPE then performs refactoring on the production code and adapts test code as 
well. The changes that occur during the refactoring phase perform by TAPE become 
visible in the workspace of the eclipse.  
 
TAPE uses MoreUnit which is an Eclipse plugin that can assist developers in writing  
unit tests (see Figure A.3). It supports all programming languages. It provides functions 
for switching between tests and classes under tests. It also supports creating test stubs, 
mocks and decoration. It basically helps to organize your unit test classes by maintaining 
a connection between the test and the production class. This way a developer can see 
which classes and methods still lack a corresponding test. One can take shortcuts in the 
navigation by jumping directly into the test class and back. Also if a file is 
moved, MoreUnit will move the other one alongside.  
 
TAPE in addition to keeping a track of test cases against the production code updates the 
test code against any change in the production code. TAPE also uses another Eclipse 
plugin named Call Hierarchy for accessing and therefore updating the references to the 
refactored programming construct throughout the software system.  
 

http://moreunit.sourceforge.net/�


 

137 
 

 
 

Figure A.3. Architecture diagram of TAPE 
 

A.7 Supported Refactorings 
 

TAPE currently supports five refactorings (see Figure A.4), 
 

• Pull up method 
• Push down method 
• Rename method 
• Inline  method 
• Move field 
 

We developed TAPE as an Eclipse plugin for the reason that almost 76% of the experts 
we surveyed (described in Chapter 3) used Eclipse refactoring plugin for refactoring. It 
was obvious from the feedback of the respondents that refactoring support in particular 
Eclipse refactoring plugin requires improvement from various perspectives. 
 
Eclipse supports automated refactoring and provides an API for implementing refactoring 
that can be applied to any of its workspace elements (e.g. class or method). Eclipse 
refactoring is implemented for several languages e.g. Java and C++; but we will only 
focus on refactoring of Java code. We have used Eclipse IDE for Java Developers 
version 1.2.0.20090619-0620 . 
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Figure A.4 Refactoring supported by TAPE 
 
A.8 Pull Up Method 

 
We have selected Pull Up Method for demonstration because in previous chapters we 
have discussed the preconditions and adaptation steps required for pull up method in 
detail. We have provided examples for each scenario that we have implemented in 
TAPE in addition to what is provided by Eclipse refactoring plugin. 
 
A.9 Test Code Adaptation  
 
When a method is pulled up to the parent class and its test code is not pulled along to the 
child test classes, it leads to indirect testing or test code duplication. This also disturbs 
the mapping between production code and the unit tests. This mapping actually 
accelerates the maintenance process by providing a way to track changes. With TAPE 
we have tried to provide developer with an automated support for this adaptation. In the 
following example we show the code after refactoring. There are child and parent classes 
with the corresponding test code. After the method ‘increment’ is pulled up, its 
corresponding test code is also pulled up.  

 

A.10 Changing super to this 
 
Call to super in Java is context sensitive. If a method is called using super, it refers to a 
method in the parent class. If it is called alone, it implies the invocation of immediate 
parent’s constructor. When a method is pulled up to the parent class, call to super may 
invalidate the syntax or semantics, hence the developer should be informed about it and 
it should be converted to this. this refers to the current object. We can see in the Figure 
A.5,A.6 and A.7 that doubleIncrement method in the ChildClass calls the increment 
method of ParentClass using super. 
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public class ChildClass extends ParentClass{ 
 public int decrement(int a) { 
  return a-1;  
 } 
} 
import junit.framework.TestCase; 
public class ChildClassTest extends ParentClassTest { 
     
   public ChildClassTest(String name) { 
  super(name); 
 } 
} 
 
public class ParentClass { 
 
 public int increment(int a) { 
  return a+1; 
 } 
 
import junit.framework.TestCase; 
 
public class ParentClassTest extends TestCase { 
 
 public ParentClassTest(String name) { 
  super(name); 
 } 
 
public void testIncrement() throws Exception { 
 int a=2; 
 ParentClass obj=new ParentClass();//This object 

is created inside the method to avoid the error 
of  “Object not found” in the parent class by the 
developer. 

 assertEquals(obj.increment(a),a+1);  
 } 
} 

Figure A.5 Refactoring supported by TAPE 
 

After the method doubleIncrement is pulled up to the ParentClass 
super.increment(a)+1 becomes invalid so TAPE converts it to the this object. 
Eclipse supports this change for Pull Up Method refactoring. However, when Move 
Method is applied on a method containing call to super  Eclipse and IntelliJIDEA allow 
the movement without warning the user about the possible occurrence of defects. On the 
contrary JBuilder does not allow movement of methods containing super calls. 
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public class ParentClass { 

 public int increment(int a) { 
  return a+1; 
 }} 

public class ChildClass extends ParentClass{ 
 public int doubleIncrement(int a) { 
  return super.increment(a)+1; 
 } 
 
 public int decrement(int a) { 
  return a-1; 
 }} 
 
import junit.framework.TestCase; 
 
public class ParentClassTest extends TestCase { 
 
 public ParentClassTest(String name) { 
  super(name); 
 } 
 public void testIncrement() throws Exception{ 
  int a=2; 
  ParentClass obj=new ParentClass(); 
  assertEquals(obj.increment(a),a+1); 
 } 
 
} 
import junit.framework.TestCase; 
 
public class ChildClassTest extends ParentClassTest { 
       
    
 public ChildClassTest(String name) { 
  super(name); 
 } 
  
public void testDoubleIncrement() throws Exception{ 
  int a=2; 
  ChildClass obj=new ChildClass(); 
  assertEquals(obj.doubleIncrement(a),a+2); 
 } 
} 
 

Figure A.6  Before Pull Up Method Refactoring 
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public class ParentClass { 
 public int increment(int a) { 
  return a+1; 
 } 
 public int doubleIncrement(int a) { 
  return this.increment(a)+1;// super has been 
changed to this 
 } 
} 
public class ChildClass extends ParentClass{ 
 public int decrement(int a) { 
  return a-1; 
 } 
} 
import junit.framework.TestCase; 
 
public class ChildClassTest extends ParentClassTest { 
         
        
 public ChildClassTest(String name) { 
  super(name); 
 } 
  
} 
import junit.framework.TestCase; 
 
 
public class ParentClassTest extends TestCase { 
 
 public ParentClassTest(String name) { 
  super(name); 
 } 
 public void testIncrement() throws Exception{ 
  int a=2; 
  ParentClass obj=new ParentClass(); 
  assertEquals(obj.increment(a),a+1); 
 } 
 public void testDoubleIncrement() throws Exception { 
  int a=2; 
  ChildClass obj=new ChildClass(); 
  assertEquals(obj.doubleIncrement(a),a+2); 
 } 

 
Figure A.7 After Pull Up Method Refactoring 

 
 
 



 

142 
 

A.11 Constructor Pull up 
 
Movement of the constructor is not a valid action. Eclipse refactoring plugin allows 
movement of constructor to other classes. IntelliJIDEA and JBuilder strictly do not allow 
movement of the constructor. But in the case of constructor pull up Eclipse raises an 
exception but does not inform the developer explicitly. TAPE, however informs the 
developer that the constructor cannot be pulled up (see Figure A.8). 

 

 
 

Figure A.8 Message box informing the user about invalid pull up 
 
 

A.12 Pull Up with Duplicate Field in Child and Parent 
 
If there exist a private field with the same name in both source and target, and the 
candidate method uses this field. There is a chance for both semantic as well as syntactic 
errors to appear. In case of type mismatch the compiler shall identify the error. But if the 
type is same, the pulled up method may use the field defined in the parent class wrongly 
and the developer might not be aware of it. Eclipse refactoring plugin warns the 
developer about this issue but allows the pull up if the developer wishes to continue. 
TAPE does not allow pull up in this case.As can be seen in figure A.9 (a) and A.9 (b), if 
method increment is pulled up from ParentClass to ParentsParentClass, TAPE will 
warn the user about the duplicate field and the refactoring will be stopped. 
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Figure A.9 (a) child class having a duplicate private field 
 

 
 

Figure A.9 (b) Parent class having a duplicate private field 
 

A.13 Main Method Pull up 
 
Similar to constructor, main method should not be allowed to move to some other class. 
A main method is an entry point of a software system. Hence, it should not be treated as 
an ordinary method. Eclipse allows the pull up of main method. TAPE has been 
extended to stop the developers from performing this action (see Figure A.10) 
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Figure A.10 Message box for informing developer about invalid pull up of main method 
 

A.14 Wrongly Enable Overriding 
 

If there exists a method in super class’s parent class whose signature is same as the 
candidate method then overriding can be wrongly enabled. If overriding is required then 
the refactoring is continued else the candidate method is renamed. 

    

 
 

Figure A.11 Message box for informing developer about invalid overriding. 
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public class ParentsParentClass { 
   public int decrement(int a) { 
   return a-1;} 
   } 
 
TAPE checks for methods with the same signature as that of the candidate method up in 
the hierarchy and warns the developer about possible wrong overriding (see Figure A.8). 
 

A.15 Identical Methods Pull Up 
 
One of the important steps of pull up method is to identify methods with the same 
signature at one level of hierarchy. Eclipse does not perform this comparison. TAPE 
identifies methods identical to the candidate method and pulls up all identical methods 
on developer’s approval (see Figures A.12 and A.13). 
 
public class ChildClass extends ParentClass{ 
  
 public ChildClass() { 
 } 
 public int decrement(int a) { 
  return a-1; 
 } 
 public static void main(String[] args) { 
  // TODO Auto-generated method stub 
 } 
} 
public class ChildClass2 extends ParentClass{ 
 public ChildClass2(){ 
   } 
 public int decrement(int a) { 
  return a-1; 
 } 
} 
 

Figure A.12 TAPE recognizes identical methods. 
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Figure A.13 Input box for inquiring developer about pull up of identical siblings 

 
A.16 Checking for the super class 

   

Another precondition for pull up method is to determine existence of the super class. 
Eclipse provides this check. TAPE has been extended to provide more user friendly 
messages (see Figure A.14). 

 

 
 

Figure A.14 Input box for inquiring developer about the existence of the parent class 
 

A.17 Checking for Uniqueness 
 

Before the method is pulled up, it should be confirmed that their does not exist any 
method in the parent class that has the same name as that of the candidate method. TAPE 
provides explicit messages if the uniqueness is not satisfied (see Figure A.15).  
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Figure A.15. Input box for informing developer about super class having no identical 
method 
 

A.18  Conclusion 
 

In this chapter we discussed implementation of our working prototype for test code 
adaptation named TAPE. TAPE not only demonstrates the concept of test restructuring 
but also shows how various semantic defects can be prevented from occurring. This 
plugin is in its development state and requires improvement so that it can be used in a 
real development environment. In future, in addition to further development of TAPE we 
intend to apply our approach in other development environments.  
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Appendix B 
 
A Survey on the Refactoring and Unit 
Testing Practices   
 
 
Welcome to the survey on refactoring and unit testing practices.  
 
We are conducting this survey to understand the practices and techniques used by 
professional software developers to eradicate the effect of refactoring on unit tests.  
 
Please answer the questions as completely as possible. Your input will help us to better 
understand the problems software industry is facing with respect to refactoring and unit 
testing. We thank you in advance for your effort and time. Your participation in this 
survey is greatly appreciated.  
 
 There are 17 questions in this survey 

General Information 
 

1. I am currently working as: * 

Please choose only one of the following: 

•  Project/Product Manager 
•  Architect/Designer 
•  Team Lead / Senior Developer 
•  Programmer 
•  Student 
•  Other  

2. The preferred programming languages in my organization are: * 

Please choose all that apply: 

•  C++ 
•  JAVA 
•  C# 
• Other:  
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3. The size of the software development organization / department I am working in 
is: * 
 
Please choose only one of the following: 
 

•  1 
•  2-9 
•  10-99 
•  100-999 
•  > 999 

 
4. I have been working in the software industry for: * 
 
Please choose only one of the following: 
 

•  0 - 2 years 
•  2 - 5 years 
•  5 - 10 years 
•  > 10 years 

 
5.  Is Unit testing performed in my organization? * 
 
Please choose only one of the following: 
 

•  Always 
•  In most projects 
•  In some projects 
•  Never 

 
Make a comment on your choice here: 
 
 6. In terms of my knowledge and experience in refactoring, I would rate myself 
as: * 
 
Please choose only one of the following: 
 

•  Novice 
•  Beginner 
•  Intermediate 
•  Advanced 
•  Expert 

 
Refactoring and unit testing practices 
 
Kindly answer the following questions keeping in mind refactorings that can change the 
interface of the evolving software.  
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7. I generally perform the following refactorings either manually or by using 
automated support (Your responses for the next questions in this survey would be 
considered true for the selected refactorings): 
 
Please choose all that apply: 
 

•  Extract Method 
•  Move Method 
•  Rename Method 
•  Remove parameter 
•  Add Parameter 
•  Pull up method 
•  Move Field 
•  Push down field 
•  Pull up field 
•  Push down method 
•  None of these 

 
8. I use refactoring support provided by: * 
 
Please choose all that apply: 
 

•  Eclipse 
•  IntelliJIDEA 
•  Netbeans 
•  JBuilder 
•  No I perform refactorings manually 
• Other:  

  
9. I verify the functionality offered by the refactored code through unit testing after 
refactoring: * 
 
Please choose only one of the following: 
 

•  Always 
•  Sometimes 
•  Never 

 
Make a comment on your choice here: 
  
10. For creation, execution and maintenence of unit tests I use: * 
 
Please choose all that apply: 
 

•  Unit testing framework like 
•  user defined test classes 
• Other:  

 
  



 

151 
 

11. I write unit tests in the following manner: * 
 
Please choose all that apply: 
 

•  Create test classes for all public classes in the system 
•  Create test classes for only complex/critical public classes in the system 
•  Create test methods for all public methods in the system 
•  Create test methods for only complex/critical public methods in the system 
•  Create test methods for each use case/requirement in the system 
•  Create test methods for only important usage scenarios in the system 
• Other:  

  
12. In my opinion: * 
 
Please choose the appropriate response for each item: 
 

  Strongly 
agree Agree Neutral Disagree 

Strongly 
disagree 

No 
response 

A good suite of 
unit tests is 
required to 
ensure behavior 
preservation 
after refactoring 

      

Unit tests 
developed as a 
parallel 
hierarchy to the 
production code 
are easier to 
maintain 

      

Developers are 
afraid of 
performing 
bigger 
refactorings as 
opposed to 
smaller ones 

      

Developers are 
reluctant in 
performing 
refactorings that 
require change 
in the interface 
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13. With reference to list of refactorings given in Q7 (the first question on this 
page), in my opinion refactoring tools : * 
 
Please choose the appropriate response for each item: 
 

  strongly 
agree agree neutral disagree 

strongly 
disagree 

no 
response 

Introduce 
syntactic errors in 
the unit tests 

      

Do not provide 
support for fixing 
syntactic errors in 
the unit tests 

      

Introduce 
semantic errors in 
the clients 

      

Introduce 
semantic errors in 
the refactored 
code 

      

Deteriorate the 
quality attributes 
of the software 
instead of 
improving it 

      

Introduce test 
smells in the unit 
tests like lazy 
tests, indirect tests 
etc 

      

Do not provide 
support for 
reorganizing unit 
tests 

      

Introduce 
semantic errors in 
the unit tests 

      

 
14. I feel reluctant in performing a refactoring automatically, because it may break 
the clients or unit tests: * 
 
Please choose only one of the following: 
 

•  Always 
•  sometimes 
•  never 
•  no response 

 
Make a comment on your choice here: 
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15. I would like to have tool support integrated with my favourite IDE for: * 
 
Please choose only one of the following: 
 

•  Client adaptation 
•  Unit test adaptation 
•  Both 
•  None 

 
Make a comment on your choice here: 
  
16."Improving the design of existing code" is Martin Fowler's famous catalog of 
refactoring guidelines. I think it should also include guidelines to address: * 
 
Please choose only one of the following: 

•  Client adaptation 
•  Unit test adaptation 
•  Both 
•  None 

 
Make a comment on your choice here: 
  
17. My feedback on the survey:  
 
Please choose all that apply: 
 

•  Addresses an important problem industry is facing 
•  Not of any use to the industry/ academia 
•  Neutral 
• Other:  

  
We thank you for your effort and time. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

154 
 

Appendix C 
 
Pay Roll System 
 
 
A payroll management system is used by organization to manage the payment to 
employees. The system given to you is a very simple version of a payroll system. It takes 
care of functionality related to four types of employees: General employee, Engineers, 
Software Engineers and Electrical Engineer. The employee class contains all the 
common features of all types of employees required to calculate pay. The engineer class 
inherits the data and methods from the employee class and provides its specific 
additional features. At the third level, Software Engineer and Electrical Engineer classes 
implement the pay calculation algorithms by incorporating their specific characteristics.  
 
For each class in the system there is a unit test class implemented in JUnit. For keeping 
the problem simple, we have provided the test methods for only major functions in the 
unit test classes. The unit test classes also represent an inheritance hierarchy parallel to 
the payroll system. Ideally, there should be one to one correspondence between the 
classes in the system and the unit test classes.  
 
The payroll system is used by HRM (Human Resource Mangement) Module to calculate 
pay of a set of employees. In other words HRM class is a client to the payroll system. 
The high level model of the system is given below: 
 

 
Figure C.1: High level UML Model for Pay Roll Management System 
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Pull Up Method 
 

Eliminating duplicate behavior is important. Although two duplicate methods work fine 
as they are, they are nothing more than a breeding ground for bugs in the future. Often 
two methods in different classes can be parameterized in such a way that they end up as 
essentially the same method. Therefore, it is suggested to generalize the common 
behavior by pulling it up in the inheritance hierarchy. This results in removed duplicate 
code without changing the externally observable behavior of the system. 
 
As demonstrated in the example below: The getName method in Salesman and Engineer 
class is common. Therefore, it should be pulled up to the Employee class. But pulling up 
a method can have serious effects on the other parts of the system including clients and 
unit tests. The refactoring should be performed such that the behavior of the system 
remains same as the behavior prior to refactoring. 

Figure C.2: Pull up method refactoring 
 
 
Follow the following instructions: 
 

1. Don’t reproduce the code that does not need to be changed.  
2. In your answer sheets create skeletons of the classes in the system that require change.  
3. Refer to the line numbers where change is made. If the new code has to be inserted in 

between two lines of code, specify their numbers along the inserted code. 
 
Class Employee { 
 
Line # 1-3 No change needed 
 
 In case of replacing the statements follow the pattern below 
 
4          // some new code 
5         // some new code 
6         // some new code 
 
 In case of inserting the statements follow the pattern below. E.g some code has to be 
inserted between line 7 and 8 
 
7       //some code 
// Newly inserted code will come here. 
8     //some code 
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In case of deletion of statements follow the pattern below. E.g some code has to be 
deleted between line 9 and 12 

 
Line # 9-12 Deleted  
} 
 
 
 
Question # 1                                                                            Time Allocated: 30 minutes 
                                                                                                              
The method Calculate_Pay and get_Pay in the Software Engineer (SE) and Electrical 
Engineer(EE) classes respectively, although having different names, do exactly the same 
thing. Using the given guidelines for Pull-Up method refactoring, pull-up the method 
Calculate_Pay to remove duplication.  
 
 
 
Question # 2                                                                             Time Allocated: 40 minutes 
 
The method printEmployeeDetails() is present in the both Software Engineer (SE) and 
Electrical Engineer(EE) classes and does exactly the same thing. Using the given 
guidelines for Pull-Up method refactoring, pull-up the method printEmployeeDetails() to 
remove duplication. Follow the same instructions provided with Question # 1 for 
answering.  
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Appendix D 
 
Published Papers 
 
 
 
Copies of Published Papers 

from Thesis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


