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Abstract
Refactoring, in spite of widely acknowledged as a best practice, still has some limitations; namely, it lacks evidence regarding its claimed benefits on software quality, and tasks like the identification of refactoring opportunities and the decision
on how to refactor are still performed manually and arbitrarilly, making this a
cumbersome, irrepeatable and error-prone process and, ultimately, hampering its
widespread adoption by the community as a regular practice. This research will
address these limitations by providing, on one hand, quantitative evidence on the
effects of refactoring on software quality and, on the other hand, providing a method
and techniques which are expected to support tool-based refactoring activities. By
achieving these results, we expect to clarify the relevance of refactoring to software
quality and reduce the time and cost actually put into this activity, thus facilitating
its widespread adoption.

Keywords (IEEE): D2 [Software Engineering]: Quality analysis and evaluation;
Restructuring, reverse engineering and reengineering; Maintainability.
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1 Introduction
Refactoring [1] is the process of modifying software implementation to improve its
internal structure, without altering its external behavior. It is claimed to optimize
software quality, namely maintainability, reusability and efficiency [2]. Implicitly,
this technique encompasses the following five main activities, also represented in
Fig. 1.1 :
1. Find where a refactoring is required;
2. Choose the most adequate refactoring;
3. Apply the selected refactoring;
4. Guarantee that the external behavior of the software is not altered;
5. Make sure that the systems’ internal structure has effectively improved.
find
refactoring
opportunities

select
adequate
refactorings

apply
selected
refactorings

test
source
code

assess
quality
improvements

Figure 1.1: UML activity diagram for the refactoring process
In the context of these activities, from our perspective, four main questions arise:
1. Which part of the code should be changed?
2. Which kind of refactoring should be applied?
3. How to evaluate that the external behavior of the software remains the same?
4. How to evaluate the quality improvements?
It is important to mention, though, that these questions, among many other inherent
to refactoring, have already been identified [3] and that the purpose of this research
is to contribute to answering some of them.
While for assessing the stability of the external behavior, automated regression tests
will do a good job, for the remainder questions, the answer is not so straightforward.
Supposedly, potential refactoring opportunities, also known as code smells, are prejudicing the software quality, and must be found within the code. Therefore, a good
way to find them, would be by looking for software quality problems within the code
and then establishing a relationship between these problems and the refactoring opportunities. This will then help in identifying each code smell and the set of possible
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solutions for it, since the relationship between the refactoring opportunities and the
possible refactorings has already been established in catalogues [1, 4, 5, 6]. However,
with the possible solutions to improve the code, it is still necessary to select, among
these alternative refactorings, which is the most adequate. A serious evaluation of
improvements should be formal and quantitative, and the refactoring should only
be performed if, in fact, the quality of the internal structure of the code is going to
improve, as intended. For this to happen, it is necessary to choose the best refactoring, not only in terms of being an adequate solution to the problem identified,
but also in terms of being the solution which best improves the internal software
quality. Most of these tasks are currently performed manually and without a clear
method to guide them which ensures that, in the end, internal software quality has
improved, as supposed to.
The problems to be tackled by this research, which are further discussed in sec. 2.1,
are then as follows:
• Difficulty on the identification of refactoring opportunities;
• Difficulty on the selection of the refactorings to apply;
• Lack of a method driven by software quality improvement which encompasses
the necessary activities and artifacts;
• Lack of evidence regarding the influence of refactoring on software quality.
To tackle the above mentioned problems we intend to develop, according to chapter 4,
a set of techniques and a method for refactoring which improves software quality,
experimentally validate them and, consequently, provide evidence of the refactoring
influence on software quality. Therefore, our major contributions, which are further
discussed in sec. 2.3, are as follows:
• A technique to identify refactoring opportunities;
• A technique to support the decision on which refactorings to apply;
• A method for refactoring driven by software quality improvement;
• Evidence of the influence of refactoring in software quality.
By providing the aforementioned contributions, we expect to clarify the relevance of
refactoring to software quality and provide the means necessary to help in reducing
the time and cost actually put into this activity, thus facilitating its widespread
adoption, as further described in sec. 2.2.

4

2 Research statement
If refactoring is supposed to improve software structure, and the quality of this
structure can be quantified, then this quantification can be used to detect the places
to improve and to choose how to improve them, in order to achieve the optimal
structure among the alternatives. As such, our research statement is:
“Refactoring can be driven by software quality quantitative assessments”

The problems this research will address, their relevance, the ways to address them
and their novelty will be presented within this section.

2.1 Research problems
After roughly 10 years of research, refactoring is still a fragile process, poorly
grounded, hard to perform and sometimes producing unwanted results in software
quality [7, 8].
Potential refactoring opportunities are probable design flaws which prejudice maintainability and reusability [1, 9], and are positively associated with the class error
probability [10]. Several refactoring catalogues [1, 4, 5, 6] have been proposed which,
among other things, identify the potential refactoring opportunities and the ways
to detect them. The ways proposed, so far, to detect these potential refactoring
opportunities are mostly subjective. This problem, makes the whole process quite
difficult and dependent on the developer’s experience and knowledge. An example
is the heuristic proposed by Fowler [1] to detect the Long Method bad smell:
“Whenever we feel the need to comment something, we write a method instead”

There are some attempts to automate the detection of potential refactoring opportunities with software quality metrics [11, 12, 13, 14] and tools [15]. Still, most of
these attempts require the configuration of the tools with metrics’ thresholds and,
to the best of our knowledge, these thresholds are not consensual and have not been
validated, thus not granting objectivity to the detection process.
Another problem is the selection of the refactoring to apply. Currently, to choose
among a set of alternatives, the developers have to use the catalogues of reference
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[1, 6, 5, 4], eventually aided by quick reference cards [16]. The refactoring selection,
supposed to improve internal software quality, is not driven by improvement in
software quality and, consequently, the results may contradict the purpose these
activities are developed for, like in [7, 8].
The fact of not existing a well defined method, which integrates all refactoring
activities and artifacts, focused in delivering higher quality software, leaves room for
unexpected results, on one hand and, on the other hand, makes the whole process
unrepeatable and prone to errors.
Finally, some of the available quantitative results, regarding the evaluation of refactoring contribution towards software quality improvement, are contradictory [7, 8,
17, 18, 19] and present fragilities, namely regarding the methods used to obtain the
results. This means that there is room to provide stronger evidence regarding the
claimed benefits of refactoring on internal software quality.
The refactoring problems this research will address are then, as follows:
• P1 - Difficulty on the identification of refactoring opportunities;
• P2 - Difficulty on the selection of the refactorings to apply;
• P3 - Lack of a method driven by software quality improvement which encompasses the necessary activities and artifacts;
• P4 - Lack of evidence regarding the influence of refactoring on internal software
quality.

2.2 Motivation
By contributing to the solution of the problems pointed earlier, namely by reducing
the time and cost required by this activity, and increasing its effectiveness, we are
improving the refactoring process and, consequently, facilitating its adoption. By
making easier for refactoring to become a generalized practice in the software development process, while making sure it improves software quality, we are providing a
way to improve the overall quality of software and reduce maintenance costs.
If potential refactoring opportunities could be suggested by an IDE1 , instead of being
searched randomly and manually throughout the code, without a common and clear
criteria, the problems in code could be corrected earlier and faster, or even avoided
as they are being introduced by developers.
If the selection of refactorings to apply could also be suggested by an IDE, such that
software quality improvement is the main concern, then, not only the developers
would have a repeatable and common criteria on how to perform the changes, but
also the refactorings would only be performed if indeed software quality benefits
were ensured.
1
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Integrated Development Environment

2.3 Expected outcomes
If a method existed to integrate all refactoring activities and artifacts, in a way that,
in the end, software quality was improved, then the whole refactoring process would
be more coherent and robust.
Finally, by providing robust scientific evidence that refactoring indeed can deliver
software quality improvements, then this process would be more credible.
Overall, improving refactoring is improving maintainability, which means software
less expensive and developed faster.

2.3 Expected outcomes
To tackle the above mentioned problems we will develop and experimentally validate
a set of techniques, and a method for refactoring, which improves software quality.
We will also provide scientific evidence of the refactoring influence on software quality. Therefore, our expected outcomes are as follows:
• O1 - A technique to identify refactoring opportunities;
• O2 - A technique to support the decision on which refactorings to apply;
• O3 - A method for refactoring driven by software quality improvement which
integrates refactoring activities and artifacts;
• O4 - Evidence of the influence of refactoring in software quality.
A possible approach for a technique to identify possible refactoring opportunities
could be a model based on the Binary Logistic Regression (BLR) [20], where such a
model would be defined based on software quality metrics and opinion from experts
for each refactoring opportunity. An example of such a model is the one depicted in
(2.1) to detect Fowler’s Long Method [1]. This model is an instance of the BLR with
metrics such as Method Lines of Code (MLOC), Number of Parameters (PAR),
Cyclomatic Complexity (VG) or Nested Block Depth (NBD) [21] and provides a
probability of a method being a Long Method.

P = 1/(1 + e(−(B0+B1∗V G+B2∗M LOC+B3∗N BD+B4∗P A)) )

(2.1)

According to the available refactoring catalogues [1, 6, 4, 5] each potential refactoring opportunity can, generally, be refactored in different ways. The possible ways
depend on the kind of problem which is affecting the code, the way the code is implemented in terms of structure, the semantics of the code, and the quality benefits
expected to achieve. Therefore, a technique to support the refactoring decision has
to deal, as much as possible, with these concerns. We envision such a technique
based on decision support systems and software quality metrics. In [22] the authors
proposed a way to rank refactoring options based on the developers decision on
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which software quality attribute to privilege. We will consider such an approach,
but instead of being the developer to define the required knowledge base (how each
refactoring affects each quality property) this should be defined based on the results
of experimentation and scientific evidence.

2.4 Research questions
The fundamental research question that will be addressed within this research is :
• Q1 - Can the software refactoring process be improved?
This research question can be further divided into sub questions, as follows:
• Q1.1 - Can refactoring opportunities detection be based on internal software
quality attributes?
• Q1.2 - Can the best refactoring alternative selection be based on internal
software quality attributes?
• Q1.3 - Can a quantitative-based refactoring process improve internal software
quality?
• Q1.4 - Can a quantitative-based refactoring process improve internal software
quality more than traditional refactoring approaches?

2.5 Validation
To validate our outcomes, we will develop a series of experiments, following the Scientific Method and Experimental Software Engineering best practices, as described
in section chapter 4. In fact, we have already partially performed such an experiment, as described in section sec. 4.2.4. To do this, we will require source code
samples, which satisfy the requirements for results generalizability, as well as other
resources, such as persons or tools, available and able to participate in all phases and
activities of the refactoring process. We will also need both code versions, before
and after the refactoring, to establish comparisons.
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3 Research context
The topic of this research is not new. There are already some published results
related to the problems we are trying to solve. However, in our perspective, there is
still much to be done. Either because the existing results fall short on expectations,
or they present threats to validity, or because they can not be generalized, which
hampers its widespread adoption.

3.1 Refactoring concepts, approaches and trends
Since refactoring has been introduced as a software engineering practice, the main
references that ground it, regarding the process as a whole, are those from Fowler
[1], Kerievsky[6], Monteiro[4] and Laddad[5].
While Fowler provides a catalogue for refactoring within the object-oriented paradigm,
Kerievsky provides a catalogue to refactor taking advantage of the GoF Design
Patterns, and Monteiro and Laddad propose catalogues to take advantage of the
aspect-oriented paradigm.
Mens, provides an overview of Refactoring [3], its trends and open questions, some
of which are being addressed by this research and, in [23], he provides a survey on
refactoring.

3.2 Refactoring in practice
In [24], an experimental study regarding how programmers refactor is presented.
This study is mostly grounded on data related to the Eclipse IDE tool [15] and
focuses the activities after the detection of code smells. Some fragilities of this
study are pointed out by the authors; however, the most relevant, in our opinion, is
the absence of statistical methods to test the hypotheses. Among their conclusions
we highlight the following:
• Refactoring is a frequent activity, related with the anticipation of large changes
to the code base;
• 90% of refactorings are performed manually, without the help of a tool;
• About 90% of configuration defaults of refactoring tools remain unchanged
when programmers use the tools;
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• The kind of refactoring performed with tools differs from that performed manually;
The authors also argue that the simplicity of user interfaces is a key issue to increase
the usage of refactoring tools.
In [25] the authors present an experience report regarding the refactoring of a large
commercial system. The authors claim that current refactoring techniques do not
scale to the size of large scale redesign, whereas this is a recurring activity, and propose a new refactoring called Extract subsystem to a separate process. The authors
report that they tried to apply small refactorings to break up the system slowly
but failed, however it is not clear why. To find the borders among the components
the authors reported to have studied the code with the help of tools and it can be
inferred that functional concerns were the main drivers for this task. The authors
do not make explicit if small refactorings were used to prepare the task of splitting
the three core components (Game process, Reporting process and Shared library)
once their borders have been identified.

3.3 Refactoring opportunities identification
The detection of refactoring opportunities is the first activity in refactoring. It is
from the moment that potential problems in code are found that the remainder
activities are developed. So far, several recent, and not so recent, approaches to
help formalize and automate this activity have been developed.
In [26] the authors claim that many refactorings can be detected using low cost syntactic techniques and present a tool (Look#) to detect refactoring opportunities in
C# programs. They claim to have an excellent success rate. The authors underline
the idea that refactoring is a difficult and time consuming process and also that
refactoring tools focus in applying refactorings, rather than on detecting their need.
They also believe that finding the refactorings is a harder task than applying them
and find highly desirable the existence of tools to perform the first. The authors
consider that about one third of Fowler’s refactorings are too high-level for a tool to
detect or perform and provide, as an example, the Substitute algorithm refactoring.
They estimate that half of these refactorings can be discovered by syntactic means,
although only presented results for 11, and, as such, chose to detect them with simple code metrics and symbol table information rather than with data-flow analysis,
which evidences some limitations like performance. To validate their tool all the detected refactoring opportunities were inspected manually. They admit the possible
existence of unidentified refactorings in the code but claim their main focus was on
avoiding false positives. As such, this tool may be effective, but there is no evidence
regarding its efficiency. Furthermore, it is not clear how the manually identified
refactoring opportunities were validated, since the refactoring guidelines presented
by Fowler are quite subjective in nature. Finally, the conclusions of this paper can
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not be generalized since a proper experiment was not carried out. The tool is based
on customizable algorithms with thresholds for metrics, for instance. However, the
criteria for such thresholds, as well as the thresholds used are not available. According to the authors, 88% of the refactorings were identified correctly and, in most
cases, it is reported a 100% accuracy. In this context, the less accurate detection was
regarding extract class and move field. Curiously, the authors adopted a strategy
where instead of looking for the code smells, they looked for the refactorings, that
is, they looked for a place where a specific solution would fit, instead of finding the
problems and then decide which solution to adopt. According to Fowler, a single
refactoring can be the right solution for several code smells and a single code smell
can have many refactoring alternatives. Take for instance the move method refactoring, used by the authors, which can be the solution for the code smells Alternative
Classes for Different Interfaces, Data Class, Feature Envy or Message Chains, just
to name a few. As such, it is highly unlikely that a single algorithm can detect all
these different smells, meaning that the probability of false negatives is expected to
be quite high.
In [27] the authors treat the prediction of refactoring opportunities as a data mining problem and propose a machine learning based model (Weighted Naïve Bayes
with InfoGain heuristic) to predict classes to be refactored, by analyzing 26 code
complexity metrics. InfoGain is used as an heuristic to weight the different metrics.
Their results were validated experimentally within the four versions of a project
from a GSM company and they claim to be able to predict 82% of the classes that
need refactoring with 13% of manual inspection effort on the average. Their process
is shown to improve with system evolution. The authors underline the idea that
a proper tool support for refactoring activities can decrease cost and increase the
quality of software. The downsides of this technique are that it is not able to provide
information about false negatives neither does provide information regarding where
the classes should be refactored, which implies an additional manual inspection to
assess this. Its limitations are that the results can not be generalized and the criteria
used to weight the different metrics is not clear.
In [28] the authors propose a way to identify Move Method refactoring opportunities
to eliminate Feature Envy code smells. This approach is based on a proposed metric
Entity Placement and has been validated in two open source projects. Within this
approach, very similar to the MORe method [29], the impact of the suggested refactoring is evaluated before the refactoring is actually performed, thus enabling the
refactoring alternatives to be ranked according to this criteria. These results can
not be generalized since a proper experiment has not been conducted and, although
the reported accuracy was high, regarding false positives, there is no information
regarding the existence of false negatives. The metric used to assess coupling improvement was Message Passing Coupling (MPC), which is quite short, considering
the wide range of metrics available to assess coupling at method level. The same
goes for the only metric used for evaluating cohesion. The alleged irrelevance of the
remainder metrics should have been proved statistically and not subjectively, con-
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trasting to the quantitative nature of this work. Also, refactorings produce changes
at software properties rather than coupling, therefore, there is no evidence that any
of these has not been prejudiced with the suggested and applied changes. Moreover,
the independent designer opinion is not statistically significant. Finally, the use
of the Pearson correlation has not been justified and, in any case, is not enough
to establish a causal relationship, meaning that these findings may be occasional.
The authors underline the idea that finding the places where refactorings should be
applied is neither trivial nor supported by tools.
We can conclude that there is a lot of room to improve the detection of refactoring
opportunities. Most of the approaches proposed so far either are not adequately
grounded or fall short from expectations by not providing enough information to
automate the process. This implies that proper tools can not be developed and
suggests that most refactoring opportunities identification activities are currently
being made manually.

3.4 Refactoring alternatives selection
After detecting the potential problems in code, it is time to decide whether and how
to refactor the code and eliminate the problems, in a way that software quality is
improved without altering the original behavior. To support this activity there are
not so many initiatives.
In [22], the authors propose a technique to rank refactoring patterns to improve a set
of quality attributes of a piece of software. By establishing such a rank, the developer
can focus on the refactoring opportunities that, when refactored, will contribute to
benefits on specific software quality attributes, thus making the refactoring activity
more efficient. This technique uses the Analytical Hierarchy Process (AHP) to express the relative importance of the quality attributes and the relative importance
of refactoring patterns in regard to those selected quality attributes. The authors
demonstrate how the proposed technique should be used and developed a proofof-concept tool. To establish pairwise comparisons between refactoring alternatives
grounded on software quality attributes improvement, a knowledge base is required.
We are not aware of the availability of such a knowledge base. If the developer is
supposed to make up his own, this is a threat to validity, because the conclusions
can not be generalized on the grounds of a non representative (of the real world)
knowledge base. Furthermore, the relationship between the refactoring opportunities and the refactorings to apply is not well explained. This is important since a
refactoring opportunity can lead to several refactorings, in theory, but in practice,
only a few or, most of the times, one, should or can be used, when other software
properties like code structure or semantics are taken into consideration. This means
that such a rank may be correct in theory but wrong in practice.
The lack of research in this particular area further aggravates the fragility of the
refactoring process. So far, the identification of the potential problems in code was
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not easy, to say the least, but the lack of support to decide how to change the code
is really a major downside of refactoring.

3.5 Refactoring tools
Ideally, tools should provide a fully automated refactoring process, whilst giving
the developer a chance to select the most appropriate decisions at their discretion.
To fully achieve this purpose, tools must be able to detect, decide upon changes,
and assess the results achieved, in a quantitative way, as seen before. However,
even though at least 31 refactoring tools for 10 different languages exist [30], none
of these seems to fully support the aforementioned requirement. Nevertheless, two
of them are worth mentioning for being a step ahead: JDeodorant [31] and TRex
[32]. JDeodorant is an Eclipse [15] plug-in that identifies Feature Envy [1] bad
smells in Java projects and resolves them by applying the appropriate Move Method
refactoring upon ranking them. The whole process is grounded on dissimilarity
metrics and no changes to the source occur until the decision to refactor is taken.
No post-refactoring assessment is made, and the tool is very limited in scope, since
only one smell for Java is supported. Still, the process is quite elegant and promising.
TRex is also an Eclipse plug-in that automates the application of refactorings and the
detection of refactoring opportunities for test suites specified using the Standardized
Tree and Tabular Combined Notation (TTCN-3) [33]. The whole process is grounded
on specific metrics for test suites and pattern-based analysis. Refactorings can be
applied in two different ways: either the developer invokes the refactoring from the
code location, or the refactoring is invoked directly by a quick fix which is provided
by the analysis results of the automated quality assessment. As for this tool, besides
being too domain-specific, no post-refactoring assessment is performed. However,
this process is also quite elegant and aiming systems with thousands of lines of
code. The remainder tools, from which [15, 34, 35, 36] are some examples of the
state-of-the-art, where IntelliJ [36] seems to be the most advanced one, focus mostly
on implementing well the refactorings for their corresponding target language. The
assistance some provide to detect refactoring opportunities consists essentially in
making available for the end user customizable thresholds for common software
metrics. They also do not help on choosing the right refactoring and they do not
assess the final result. Basically, the user decides everything, while the tool tries to
implement the decisions quick and cleanly.

3.6 Refactoring impact on software quality
Regarding the claimed benefits of refactoring on software quality, while some researchers have tried to provide evidence of it [17, 18, 19], other researchers still get
puzzled when confronted to the fact that, although refactorings are used to improve
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the quality of their systems, a supposedly adequate set of metrics indicates that this
process often has the opposite result [7, 8]. In general, most of the approaches to
provide this evidence have not completely achieved its objective, essentially because
of the procedures used to do it, which frequently can not be replicated, hampers
its results from being generalized or fall short from expectations. In fact, when experimentation is performed, the data and source code used within the experiments
should be made available along with the publication, in a way that other researchers
could repeat the experiment with the same data and using the same process. Achieving the same results in an experiment conducted by different researchers (experiment
replication), grounded on the same data and processes, is a well accepted way of
validating the results obtained but, unfortunately, too often not possible.
In [8], the authors try to quantitatively evaluate the claims that refactoring improves
software quality attributes such as adaptability, maintainability, understandability,
reusability and testability. The benefits of such results are on enabling the decision
on whether to put time and cost into refactoring. The authors also expect to increase
the low number of quantitative studies available in this matter, as well as increase
the number of external software quality attributes evaluated so far. Their approach
is based on internal software quality metrics applied to three different applications,
each from a different domain. For each application two versions were measured,
either by graduate or by undergraduate students, one before and another after the
refactoring took place. One of the applications was developed by students while
the remainder two were open source. The presented relationship between internal
and external quality metrics was based on previously published studies. The authors concluded that refactoring does not necessarily improve the software quality
attributes evaluated and that classifying refactoring methods based on their measurable effects on quality attributes may help developers in choosing appropriate
refactorings to improve certain software quality attributes. The downsides of this
study are the fragility of the experimental process performed which cannot be repeated, due to the lack of relevant information like the sample used, the lack of
information regarding how were the performed refactorings validated and the rather
small size of the applications chosen.

3.7 Synthesis
In Tab. 3.1 is presented a synthesis of the state-of-the-art. Some of the references
have already been previously discussed and some that were not, are mentioned just
to highlight that we are aware of their existence but we could not yet review them.
By placing them in the matrix we have a better picture of the coverage of the related
work. In the columns we find the authors and the four major problems addressed
by our research. In the rows we find the year, reference, and downside(s) pointed
out within the previous sections. Like this, we can quickly have several perspectives
of the state-of-the-art, namely on:
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1. What are the less and more addressed problems;
2. For how long these problems are being addressed;
3. The path some authors trailed when trying to address these problems;
4. The downsides found in each approach;
5. What are the less and more common downsides.
The most common downsides pointed earlier have been categorized and each one
has been assigned a letter. The legend is then as follows:
• (g) - Conclusions cannot be generalized
• (i) - Does not provide sufficient information to be used or replicated
• (*) - Is still to be analyzed within the context of a systematic literature review

Author

P1
problem
identification

Franck

2001 [11] (*)

Gronback

2003 [14] (*)

Atkinson

2005 [26] (g,i)

Salehie

2006 [12] (*)

Piveta

2009 [37] (*)

Tsantalis

2009 [28] (g)

Kosker

2009 [27] (g,i)

P2
solution
selection

P3
method

P4
benefits
evidence

2008 [22] (i)

Du Bois

2007 [38] (*)

2006 [18] (*)

Kataoka

2002 [19] (*)

2002 [19] (*)

Stroggylos

2007 [7] (*)

Rao

2009 [17] (*)

Alshayeb

2009 [8] (g)

Table 3.1: Refactoring state-of-the-art matrix

Considering Tab. 3.1, the most important conclusions are that our problem P3 (lack
of a method for refactoring driven by quality improvement) has not yet been addressed, and that our problem P2 (lack of a technique to select the best refactoring
to apply) has also hardly been addressed. We can also conclude that most conclusions from the research works which try to tackle the same problems we do cannot
be generalized, replicated or both.
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4 Workplan
The work encompassed by this research proposal will now be described from two
perspectives: one regarding how it is organized and scheduled, and another regarding
what has already been achieved.

4.1 Methodological approach
To describe the way this research work is organized and scheduled to achieve the
proposed research objectives, within the available time, the methodology, workplan,
major deliverables and results presentation approach will be presented.

4.1.1 Introduction
This research will essentially be based on the Scientific Method and Experimental
Software Engineering, and an iterative and incremental approach to implementation
and planning will be used.
The Scientific Method will be followed, since it is appropriate for Software Engineering research [39, 40]. At the heart of the Scientific Method is an iterative and
incremental approach, where each iteration encompasses a literature review to define
the research questions, as well as gather information and resources; the definition of
hypotheses; the realization of experiments, data collection, analysis and interpretation and results publication.
To study the refactoring process, from the identification of refactoring opportunities
and the decision on how to change the software, to the quantitative evaluation of the
refactoring results, experiments will be conducted to try to identify correlations and
cause-effect relationships, and assess how the results achieved can be generalized, for
which experiment replication [41], where the same experiment is applied repeatedly
to different and independent subjects, is mandatory.
Iterative and incremental approaches to planning implementation have been proposed and are succeeding, mostly but not exclusively in Software Engineering projects,
to reduce risk, uncertainty and establish trust [42, 43]. This kind of approach fits
well the activities encompassed by the Scientific Method and Experimental Software
Engineering ,which uses the first, and, by using them, we are reducing the risk of the
uncertainty inherent to a research process, while striving to obtain results earlier in
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the process, in a way that the next activities can benefit from the previous results
and the major deliverables incrementally improved, so that the research objectives
can be consistently and timely achieved in the end.

4.1.2 Iterations and phases
Following an iterative and incremental approach, the work plan for this research
will encompass three iterations. From iteration to iteration, the results from the
validation of the previous iteration will be incorporated, the experiments will be
replicated and their scope will be progressively increased, the state-of-the-art will
be surveyed and relevant evolutions will be taken into consideration and, finally, a
revised draft of the dissertation will be delivered. By the end of the third iteration
we will deliver the final version of the dissertation with which this research project
will be proposed for public examination.
The iterations are then planned as follows, along the expected time frame for this
project (3 years):
• Iteration #1 (12 months) - deadline October 2010
• Iteration #2 (12 months) - deadline October 2011
• Iteration #3 (12 months) - deadline October 2012
Each iteration will have four phases and each phase will ground the next one, ensuring that from a state-of-the-art survey to a dissertation draft all the necessary
steps are taken, making sure that the expected results are produced and validated.
As such, each iteration will encompass the following phases:
• Phase I (1 months) - Literature review
• Phase II (4 months) - Experimentation and prototyping
• Phase III (3 months) - Consolidation and support of research contributions
• Phase IV (2 months) - Dissemination and peer validation
• Phase V (2 months) - Dissertation writing
In Phase I, the literature will be reviewed. This review will be essentially, but
not exclusively, focused in Refactoring, Software Quality and Metrics, Quantitative
Methods, Decision Support Systems and Experimental Software Engineering. The
results of each literature review (one per iteration) will be incorporated in a broader
body of knowledge which will be the foundation of the related work chapter of the
dissertation.
In Phase II the experimentation part of this research will take place and, with it, its
inherent activities [41], such as experimental design, data collection and analysis, and
results packaging. Taking advantage of the iterative process which will encompass
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three major experiments, we will replicate the previous experiments while, at the
same time, accommodating the results of previous experiments.
Phase III will be dedicated to the consolidation and support of the research contributions. This phase encompasses extracting the experimental results achieved and
incorporating them in the expected results of this research. It also encompasses
developing prototypes grounded on the results achieved along the iterations and in
the context of other projects such as master thesis. If succeeded, these prototypes
may imply a significant evolution in the following experiment, as we expect them
to.
In Phase IV we will write journal or conference papers and book chapters based
on the results. By doing this we expect to have an earlier validation of our results
which will contribute to the overall maturity of the results to be achieved with this
research. The results to be submitted and the kind of paper (workshop, conference
or journal) to be used will vary according to the maturity of the results achieved
and the topics of the conferences or journals available at the time.
Finally, in Phase V, we will write a draft of the dissertation. Our intention is to
start anticipating earlier the most appropriate document structure and validate it,
as well as its contents in each iteration. This draft will be improved iteration after
iteration, until the final version is released, at the end of the third iteration.

4.1.3 Major deliverables
The major deliverables of each iteration result from the scope of each phase and
from the expected results of this research. Some of these deliverables are casuistic,
that is, they are produced once in each phase and they are not necessarily dependent
on previous deliverables of the kind. There are also deliverables which are improved
iteration after iteration (continuous improvement). As such, the major deliverables
are presented in Tab. 4.1.
We expect the technical reports to be the foundations of the major chapters of
the dissertation. The papers will provide the necessary peer validation and the
dissertation draft will aggregate all the results achieved in a coherent document.

4.1.4 Results presentation
The contributions of a research project like this are expected to be recognized by the
scientific community, which means that the results obtained must be published in
reference publications, like conference proceedings or journals, in the field. Therefore, it is important to identify beforehand these publication targets. By doing this,
we are also identifying the most important sources of information to follow when
surveying related work.
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Id.

Type

Subject

Phase

Related
outcomes

Evolution

D1

Tech.
Report

State-of-the-art
survey

1

All

Continuous
improvement

D2

Tech.
Report

Refactoring
experiment
performed

2

All

Casuistic

D3

Tech.
Report

Identification of
refactoring
opportunities

3

O1

Continuous
improvement

D4

Tech.
Report

Selection of
refactoring
alternatives

3

O2

Continuous
improvement

D5

Tech.
Report

Quantitative Based Refactoring
(QBR)

3

O3, O4

Continuous
improvement

D6

Papers

Results achieved in
previous phases

4

Context
dependent

Casuistic

D7

Dissertation
draft

Refactoring process
improvement

5

All

Continuous
improvement

Table 4.1: Synthesis of the major deliverables

We have gathered a list of the most important potential publication targets to
submit the results of this research. The process we followed to obtain them was by
analyzing the sources of the most relevant work in this field published so far, and
completed it with level A*/A conference and journals, according to the Computing
Research and Education (CORE) [44] rankings of journals and conferences.
The list of journals is then as follows:
• ACM Transactions on Software Engineering and Methodology
• IEEE Transactions on Software Engineering
• Empirical Software Engineering: An international journal
• Software: Practice and Experience
The list of conferences is as follows:
• ASE - Automated Software Engineering Conference
• ATVA - International Symposium on Automated Technology for Verification
and Analysis
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• CGO - International Symposium on Code Generation and Optimization
• EASE - International Conference on Evaluation and Assessment in Software
Engineering
• ESEM - International Symposium on Empirical Software Engineering and
Measurement
• ICSE - International Conference on Software Engineering
• ICSM - International Conference on Software Maintenance

4.2 Current work
This research is ongoing, and we have already achieved some results. Besides the
state-of-the-art survey on which this proposal and previously published papers have
been grounded, we have already performed a small case study with one of Fowler’s
refactoring examples, outlined the Quantitative-Based Refactoring method, defined
a preliminary model for the Fowler’s Long Method detection and conducted our first
refactoring experiment.

4.2.1 Quantitative evaluation of Fowler’s refactoring example
In order to have a first glimpse on the impact of refactoring in software quality,
we have selected Fowler’s Video Store example from his book [1], and measured
some of its software quality attributes, namely those related with maintainability.
To achieve this we used a tool [45] and collected a set of metrics, before and after
applying the recommended refactorings. We concluded [46] that there is no evidence
that the internal software quality has improved; on the contrary, it got worse in size,
cohesion and complexity, in general. These conclusions can not be generalized, since
an appropriate procedure has not been used to ensure it and the case study is quite
small and not representative of a real world system; however, we can not forget that
this case study is an example provided by a recognized author in the field and, as
such, one would expect the opposite results.

4.2.2 Quantitative-Based Refactoring method
To drive and ground refactoring on quantitative results we need a method where
the required activities are defined, as well as the necessary artifacts. In [29] we
have outlined such a method, although, at the time, focused only on modularity
and called Modularity Oriented Refactoring (MORe). Later on, we generalized
and synthesized this method, in a way that refactoring could then be improved
based on software properties other than modularity, and called it QuantitativeBased Refactoring (QBR).
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Preparation

Refactoring

Evaluation

Figure 4.1: QBR Overview
As presented in Fig. 4.1, QBR has three main phases, Preparation, Refactoring and
Evaluation. In the preparation phase, the initial product quality is assessed, the
code smells are detected, the refactorings to apply are selected and tests are developed. The results of this phase aim to prepare the refactoring, but also to define
a quality baseline, to which the resulting system is to be compared, to find out if
the refactoring has indeed improved the software quality; otherwise, it would be
useless. In the refactoring phase, the previously refactorings are applied. Finally, in
the evaluation phase, the quality of the resulting software is assessed and compared
to its initial quality, and tests are run to ensure that the behavior has not changed.
To use this method, some of its artifacts, namely the smell detection models and
the refactoring ranking models are yet to be developed, and are expected outcomes
of this research.

4.2.3 Fowler’s Long Method detection model
To demonstrate that Fowler’s Long Method [1] refactoring opportunity can be detected automatically, we defined a model to calculate the probability of a method
being a Long Method. Our model (4.1) predicts correctly 99% of the methods which
are Long Methods and 84% of the methods which are not, with a false positive rate
of 6% and a false negative rate of 4%, as can be seen from Tab. 4.2.
P = 1/(1 + e(−(−11.336+0.598∗V G−0.057∗M LOC+4.701∗N BD+0.486∗P A)) )

Observed
Step 1

IsLong

0
1
Overall percentage

0
154
6

(4.1)

Predicted
IsLong
1 Percentage correct
2
98,7
31
83,8
95,9

a) The cut value is 0,5

Table 4.2: Classification table for BLR Block 1
The most significant predictor in our model, from the set of metrics we used, is the
NBD, while the MLOC and PAR are not significant when used with the remainder
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variables. The effect of VG, although significant, is much smaller than that of NBD.
The PAR is the least important predictor of Long Methods, either alone or within
the remainder variables in the model.
Most of the software tools with metrics only allow the configuration of those metrics
with thresholds, in order to assist the detection of code smells; therefore, software
tools should evolve, in order to allow us to configure them with mathematical models,
encompassing several metrics, like the one we have used.
Our model cannot be generalized, since the manual identification of the Long Methods has been done by a single person, and we have used a single project. However, the
goal of demonstrating that the Long Method refactoring opportunity can be detected
automatically, with mathematical models, grounded on the expert’s knowledge, has
been fully achieved, with quite satisfactory results.
We believe that the approach we used to detect the Long Method can be used to
detect other refactoring opportunities and we intend to conduct experiments and
propose a general model for the detection of the Long Method, as well as using this
same approach with more refactoring opportunities to confirm it is also adequate to
detect them, and conduct the necessary experiments to define their models.

4.2.4 Refactoring experiment
The first experiment with refactoring has already been performed, however the results are not yet published. Within this experiment we used nine different open
source applications, randomly selected, from different domains and with different
sizes. These applications are presented in Tab. 4.3.
A subset of classes from each system, up to 40, has been searched, and the refactoring opportunities have been marked, as well as those that were not. As a result,
we identified more than 1500 potential refactoring opportunities. A subset of these
refactoring opportunities has then been refactored, from which more than 250 refactorings were performed. The refactoring opportunities identification and refactoring
operations were conducted by more than 30 master students in software engineering,
in the school year of 2009/2010, after being exposed to this technique.
We are now in the process of analyzing the results, which will allow us start developing smell detection models, refactoring ranking models and quality comparisons.

4.2.5 Plan evolution
Presently, we are in the first iteration of this research project, which started in
October 2009. This iteration will end by October 2010. Considering the results
already achieved and the planned phases and correspondent deliverables, our current
situation is as follows:
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Name
Jopt Simple

Description

Reference

Java library for parsing command line options

[47]

Apache
commons
CLI

API for parsing command line options passed to programs

[48]

Natural CLI

Java library providing to developers command line interfaces with human readable sentences

[49]

ObjectWeb API for logging

[50]

Ultra-thin bridge between different logging implementations

[51]

Tool for displaying log messages

[52]

Graph database

[53]

SQL engine written in Java

[54]

Java SQL database

[55]

Monolog
Commons
Logging
Qflog
Neo4J
tinySQL
h2

Table 4.3: Applications used within the first refactoring experiment performed

• Phase I (01OCT - 31OCT10) - Literature review
– TR1 - Technical report on the state-of-the-art survey (ongoing)
∗ List of potential related work (completed)
∗ Revision of papers and books (ongoing)
• Phase II (01NOV - 28FEB10) - Experimentation
– TR2 - Technical report on the refactoring experiment performed (ongoing)
∗ Experiment #1 experimental design and data collection (completed)
• Phase III (01MAR - 31MAI10) - Consolidation and support of research contributions
– TR3 - Technical report on the identification of refactoring opportunities
(ongoing)
∗ Case study with Fowler’s Long Method (completed)
– TR4 - Technical report on the selection of refactoring alternatives (not
started)
– TR5 - Technical report on Quantitative-Based Refactoring (ongoing)
∗ QBR outline and description (ongoing)
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• Phase IV (01JUN - 31JUL10) - Dissemination and peer validation
– Best poster award at the Doctoral Symposium in ICSEA’09 - “Strengthening Refactoring”
– Paper assessing software quality improvements with Fowler’s “Video Store”
case study (ongoing)
– Paper published in QUATIC2010 - “Reducing Subjectivity in Code Smells
Detection: Experimenting with the Long Method” [56]
• Phase V (01AGO - 30SET10) - Dissertation writing
– Dissertation draft (not started)
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