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Abstract. For the development of high quality software, process quality assessment should be applied into development organization. So far,
several process quality assessment methodologies are proposed and applied into a lot of organizations. In this paper, we propose an approach to
assess instances of refactoring that is one of the key processes for quality
improvement. The proposed approach can be done semi-automatically
by investigating version archives in a configuration management system.
We applied our proposed method to the Columba project which is an
open source software project. The result of our preliminary case study
shows that the frequency of defect introduction tends to decrease in the
term after frequent refactoring.
Keywords: Refactoring, Mining software repositories, Process assessment
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Introduction

So far, our research group has proposed several reasonable approaches for finegrained assessment of the development process from version archives [6, 8]. These
approaches can assess ongoing or past development processes and compare their
expectations by analyzing version archives of configuration management systems
(e.g., CVS, Subversion). Refactoring is a sort of processes, which is defined as
the process of changing a software system in such a way that it does not alter
the external behavior of the code, yet improves its internal structure[4]. Because
the appropriateness of refactoring affects product quality, as well as other sort
of processes, project managers must consider the following:
– Did the previous refactoring instances improve the quality of the product?
– Were the previous refactoring instances performed based on the original
intention of the developers?
– Was any additional unintentional refactoring performed?
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However, manual finding of version archives (e.g., commit logs, source code
changes) is time consuming for developers, especially project managers who have
a little knowledge of the source code of the project.
In this paper, we propose an approach to help a project manager who assess refactoring instances from version archives in a configuration management
system (see Figure 1). In our approach, first refactoring instances are detected
by the UMLDiff algorithm, then, frequencies of refactorings, defect introductions, and defect fixes are computed for a certain period. Finally, a comparison
is performed among the evolutions of those computed frequencies. In addition,
we show a preliminary case study of an open source software project Columba
to confirm the appropriateness of our approach.
The results of our preliminary case study show that once refactoring instances
appear frequently, the frequency of defect introduction tends to decrease.
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Background

2.1

Refactoring

Refactoring is a technique for improving software design. It is defined as the
process of changing the structure of a program without changing its behavior[4].
Various typical refactoring patterns have been cataloged by Fowler[3], who describes that one of refactoring effects is the decrease of software defects.
2.2

Refactoring Detection

We need to investigate when and how refactoring was performed in software
development. Approaches to detect refactoring activities are categorized into
four types[7]:
Type
Type
Type
Type

(a)
(b)
(c)
(d)

Using log messages recorded in version control systems.
Analyzing source code changes.
Observing developers’ activity.
Tracking usage of refactoring tools.

A type (a) approach detects evidences of refactorings by searching for the
word “refactor” and possibly for related words such as “rename” or “extract”
from log messages recorded in version control systems. The method assumes developers write performed refactorings into log messages in the version control
system. Type (b) analyzes difference of source code between two versions. As a
result, evidences of refactorings such as “Rename Field” or “Extract Method”
are detected. The method allows us to detect more refactorings than type (a) because it can recover undocumented refactorings. On type (c), researchers observe
how developers perform refactoring. Its range of application is narrow because
it needs human resources or observation tools. In contrast, it allows us to collect detailed information of refactorings. Type (d) tracks when developers use a
refactoring support feature and what part of the source code is changed.
Types (a) and (b), are possible to be applied to existing software projects
that adopt a version control systems. However, their results are not complete
because they are estimation from development histories. On the other hand,
type (c) and (d) cannot be applied to existing projects because they require
preparation. For which, we consider the adoption of these types of refactoring
detection techniques is highly costly for software development organizations.

3
3.1

Investigation Method
Metrics

In our investigation method, we introduce three metrics:
– refactoring frequency : the number of performing of the refactoring within
a certain period
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– defect density : the number of introductions of the defect within a certain
period
– fix frequency : the number of fixes of the defect within a certain period
In order to define these metrics, we denote the set of revisions recorded in
the version control system by V and each revision by vi . Therefore, V is denoted
by V = [v1 , v2 , · · · , vn ]. Then, we let opi be a source code change from revision
vi to vi+1 . In addition, we define the function r(opi ) which returns whether opi
contains a refactoring. r(opi ) returns the value one if opi contains a refactoring,
zero otherwise. Furthermore, we define refactoring frequency to be fr (j, k) as
follow:

1 ( if opi contains a refactoring )
r(opi ) =
0 ( otherwise )
Pk−1
i=j r(opi )
(j < k, vj , vk ∈ V )
fr (j, k) =
k−j
Similarly, we define the function d(opi ) which returns whether opi contains a
defect introduction and defect density to be fd (j, k), we also define the function
f (opi ) which returns whether opi contains a fix of the defect and fix frequency
to be ff (j, k) as follow:

1 (if defects are introduced at vi+1 )
d(opi ) =
0 (otherwise)
Pk−1
i=j

d(opi )

(j < k, vj , vk ∈ V )
k−j

1 (if defects are fixed at vi+1 )
f (opi ) =
0 (otherwise)
Pk−1
i=j f (opi )
(j < k, vj , vk ∈ V )
fd (j, k) =
k−j
fd (j, k) =

3.2

Locating refactoring changes

In order to measure refactoring frequency, we need to know when refactorings were performed to the software. Our method uses the refactoring detection
method based on the UMLDiff algorithm[12] designed by Xing et al[13]. The
UMLDiff algorithm takes two revisions of the source code and derives the difference among two revisions. It recovers design information from each revision of
the source code to derive the difference. In detail, it firstly extracts source code
entities such as classes and methods from each revision. Then, it derives the relationships among entities. Finally, it detects the differences such as method/class
additions and method/class renames.
Xing et al. also designed the refactoring detection method based on the
UMLDiff algorithm[13]. It detects refactorings which performed on the changes
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from one revision to another one by analyzing the output of the UMLDiff algorithm. The method takes two revisions as input of the UMLDiff algorithm
and applies the algorithm. Then, it analyzes the output to search the set of
differences which is a candidate for an evidence of refactoring. It is promising
to derive only refactoring instances and ignore non-refactoring changes because
the detection mechanism in the UMLDiff algorithm follows refactoring patterns
written by Fowler[4].
In this paper, we locate changes which contain refactoring instances by the
following steps:
Step 1. Divide all revisions by every n revisions into k groups.
Step 2. For each k group, use the first revision and the final revision as inputs
for the UMLDiff algorithm and apply the algorithm.
Step 3. Locate the refactoring change which contains refactoring instances detected in the previous step.
3.3

Locating fix and fix-inducing changes

Our method measures defect density (which is the number of introductions
of defect within a certain period). In order to measure defect density and fix
frequency, we need to know when defects were introduced to the software and
when defects were fixed. Śliwerski et al. designed the SZZ algorithm which is an
algorithm to extract fix-inducing changes from version control systems[10]. Their
algorithm links information recorded in the issue tracking system and the version
control system. We consider fix-inducing changes as introductions of defects.
The SZZ algorithm links the issue and commit by following steps:
Step 1. Firstly, the SZZ algorithm searches candidates of the fix commits by
using commit messages. For instance, it search the keyword which related to
the fixes such as ”fixes”, ”closed” and so on. If the commit message contains
the keywords, SZZ searches defect ID from the commit message.
Step 2. Then, it filter out suspected candidates. SZZ use the criterion of filtering as follow.
– Does the defect ID exist in the issue tracking system?
– Has the fix completely done?
As a result of this step, we got the link of defects and commits.
Step 2. Finally, SZZ trace the changes to detect when the fix-inducing change
was introduced by using the version control system.
3.4

Requirements of Target Projects

The target project of our method requires to be adopted the version control
system and the issue tracking system. In addition, to apply the SZZ algorithm,
the project needs to collaborate with the version control system and the issue
tracking system.
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4

Case Study

We applied our proposed method to the Columba3 project which is an open
source software project. Table 1 shows an overview of the Columba project. The
Columba project uses Subversion4 which is a version control system and an issue
tracking system provided by SourceForge.net.
Table 1. An over view of the Columba project
category
development period #revisions LOC of the final revision
Mail Client 2006/7/9 – 2011/7/11
458
192,941

4.1

Study Procedure

We measured three the metrics described in Section 3 from the development
history of the Columba project by the following steps:
Step 1. Located refactoring changes by the UMLDiff based refactoring detection method.
Step 2. Located fix and fix-inducing changes by the SZZ algorithm.
Step 3. Calculated three metrics from the results of the Step 1 and Step 2.
Each metric was calculated every 25 revisions. For instance, we calculated a
refactoring frequency from revision 25 to 50.
Step 1. Locating refactoring changes Using the procedures described in
Section 3.2, we detected refactoring changes from the archive of the Columba.
When using the UMLDiff algorithm, we used the following approaches to realize
precise detection of refactoring instances.
(a) Give the first and the last revisions to the UMLDiff algorithm for input.
(b) Pick-up every five revisions from the archive, and then give each pair of the
picked-up revisions next to each other.
In order to locate refactoring changes from the result of the UMLDIff algorithm, we manually analyzed source code archives by using the browsing differences feature of Subversion. At that time, we removed false positives. For
instance, an Extract Method refactoring was detected by the UMLDiff algorithm, but it was not an actual refactoring because the name of the extracted
method was similar to an the existing method, but its body was quite different.
3
4

http://sourceforge.net/projects/columba/
http://subversion.apache.org/
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Table 2. List of detected refactorings
Kind of refactoring
Convert top level to inner
Die-hard/legacy classes
Downcast type parameter
Encapsulate field (get)
Extract class
Extract method
Extract subsystem/package
Extract super interface
Generalize type (method)
Generalize type (field)
Generalize type (parameter)
Information hiding
Inline subsystem/package
Move method/field/behavior
Move subsystem/package/class
Pull-up method/field/behaivior
Push-down method/field/behaivior
total

#Refactorings
Approach A Approach B total
1
0
1
1
1
1
3
0
3
1
0
1
2
1
2
7
2
7
3
2
3
0
6
6
10
9
10
2
2
2
42
40
42
6
0
6
1
2
2
0
12
12
0
12
12
5
4
5
1
0
1
85
93
116

Step 2. Locating fix and fix-inducing changes In order to locate fix and fixinducing changes, we used a tool implemented the SZZ algorithm. The columba
project has a rule of commit log strictly. For a bug fix commit, the tag word
[bug] or [fix] is added to the log. Therefore, we recognized a commit whose
log contains those tag words as a fix change. Then, we located the fix-inducing
change from those fix changes.

4.2

Result

Table 2 shows the result of the UMLDiff based refactoring detection method.
The result does not include false positives. The columns of Approach A and
B correspond to the approaches described in the previous section. Total column
represents the union of the result of approaches A and B. 14 kinds of refactorings
were extracted, and the total number of extracted refactoring was 116. As a
result of the SZZ algorithm, 322 fix changes and 243 fix-inducing changes were
extracted.
Figure 2 shows the transition of the refactoring frequency , defect density
and fix frequency of the Columba project. X-axis indicates the revision number,
and y-axis indicates the value of three metrics. As described in the previous
section, each value of three metrics was calculated and plotted every 25 revisions.
For instance, the value of the fix frequency from revision 250 to revision 275
is 0.2.
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Discussion

We confirmed following two characteristics from Figure 2.
(a) Defect density tends to decrease from the most refactored period (from
150 revision to 175 revision).
(b) Fix frequency tends to increase after the refactoring frequency is high
through out the project.
The average of the defect density from revision zero to revision 175 is 0.23.
In contrast, the average from revision 175 to revision 458 is 0.09. Furthermore,
commit logs in the most refactored period (from revision 150 to revision 175)
include evidence of big refactoring5 . We consider that the decrease of the defect
density after a big refactoring is due to improvement of the source code by
performing refactoring. On the other hand, we also consider that defect density
decreased because the Columba project has entered to the maintenance phase.
5

The commit logs from revision 151 to revision 155 were exactly same. These were
[intern] big refactoring of the filter stuff. There was a interface created and all the
required interfaces moved to core-api. After that all classes which using the filter stuff
now refactored to use the interfaces instead the implementation. Now the mail-api
compiles without problems with maven2.
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However, the version 1.4 of the Columba was released in the revision after about
100 revisions from the point a big refactoring occurred.
We consider that the performing of refactoring improved source code readability and then the developers could find and fix defects easily, however, we
also consider developers performed refactoring in order to be source code more
flexible and then performed fixes. In contrast, there is a possibility these fixes
are due to failure of refactorings.

6

Threats to Validity

Preciseness of the refactoring detection method Our proposed method relies on
preciseness of the refactoring detection method. The preciseness depends on the
granularity of the divisions of the revisions. In fact, the result of Approach A and
B were different. Thus, we probably left out some refactoring changes (e.g., file
addition after revision rn , delection before revision rm where (rn , rm ) denotes
the input of the UMLDiff Algorithm). However, we believe that our result will
not change dramatically if we can add detect ignored refactorings.
Preciseness of the SZZ algorithm Our proposed method also relies on preciseness
of the fix and fix-inducing detection method. In our case study, that preciseness
depends on the accuracy of the developers record activities because we located
fix changes based on the commit logs of the Columba project. Some studies report the accuracy of existing detection methods for locating fix and fix-inducing
changes based on commit logs depend on the quality of commit log and data
in bug tracking systems[1, 2]. Hence, they also report that these methods cannot recover all fix and fix-inducing changes completely. For locating fix-inducing
changes, the SZZ algorithm traces back changes of the source code by using
version control systems. Thus, the algorithm does not support certain type of
changes which consist in only deletions. However, our result does not suffer from
those changes because such cases are rare.
Granularity of refactorings, defects and fixes Our proposed method focuses on
whether a refactoring, a defect introduction and a fix are performed in each
change. Therefore, our method treats a single refactoring change and a multiple
refactoring change in the same manner. We consider that treating the number
of refactoring in our proposed method is not appropriate because the kinds of
refactoring detected by the UMLDiff based method has much granularity. Similarly, for fix and fix-introducing changes, we focused on whether those changes
were performed or not.

7

Related Work

Ratzinger et al. analyzed the relationship between refactorings and defects[9].
They used log messages in a version control system to detect refactoring. They
reported that when the number of refactorings is high over a certain period of
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the software project, defect introducing changes would decrease over successive
period. Therefore, they concluded that refactoring reduces defect introduction.
We investigate details of time relation between refactorings and defects.
Kim et al. investigated the role of refactorings among three open source
software[5]. They extracted refactoring histories from the software development
history, and then evaluated the role from the following viewpoints:
–
–
–
–

Are there more bug fixes after refactorings?
Do refactorings improve developer productivity?
Do refactorings facilitate bug fixes?
How many refactorings are performed before major releases?

As a result, they reported that the bug fix rate of 5 revisions before refactoring
is around 26.1% for Eclipse JDT, and refactorings decrease time of bug fixes. In
addition, they reported refactorings tend to be performed together with bug fixes
and there are many refactoring before major releases. Their research focused on
the effect of the refactorings on the bug fixes. On the other hand, our approach
focused on the effect on the defect introducing changes.
In order to detect refactorings, Weißgerber and Diehl presented a method by
using syntactical and signature information of the source code[11]. Their method
extracts refactoring candidates by that information, and then ranks them based
on code clone detection technique. Compared with the method based on the
UMLDiff algorithm, their method can detect less kinds of refactoring(10 kinds).
In our study, we use the method based on the UMLDiff algorithm because the
method can detect 33 kinds of refactoring.

8

Conclusion and Future Work

We proposed an approach to assess refactoring instances from version archives.
Our proposed method detects refactoring instances using a refactoring detection
method based on the UMLDiff algorithm. It also detects defect introductions
and defect fixes using the SZZ algorithm.
As a result of our preliminary case study using the Columba project, our
method is promising to support the assessment of the assessing refactoring instances and its maintainability benefit.
As a future work, we plan to apply our method to another open source software project. However, in the case study, the run-time for the UMLDiff algorithm
based refactoring detection was approximately 19 hours. The computation time
of the detection method is roughly proportional to the scale of the target project.
Therefore, in order to apply our method to the project which is larger than the
Columba project, we need to develop a refactoring detection tool which detect
refactoring instances among two versions more quickly.
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