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Abstract—According to the plan-driven software 
development processes, software creation is comprised of a 
sequence of activities which starts with requirement analysis 
and continues with system design, implementation, testing and 
deployment and finally ends with maintenance phase. 
Although each phase contributes to the total development 
cost, research shows that more than 60% of it comes from 
maintenance. The quality and clarity of the system design or 
implementation subsequently is responsible for the cost of 
maintenance. Therefore, it is of great importance to detect and 
eliminate any design or implementation flaws to reduce the 
cost of development especially incurred by maintenance 
phase. This study discusses the importance of refactoring in 
software engineering and difficulties one may face with 
applying refactoring. We also lay out the factors that affect 
execution of certain refactoring.   We present a discussion that 
takes us to a conceptual solution for more effective refactoring 
research and we share our observations and personal opinions 
in how to apply refactoring more effectively. 

Keywords — refactoring; reverse engineering;  software 
quality. 

I. INTRODUCTION 
Reverse engineering can be defined as a process of 

extracting information from a system regarding its internal 
structure, attributes or other details to be used as an 
instrument in order to re-assemble the system into a better 
form. This broad term, when considered within the 
software engineering discipline, usually works around the 
internal structures of a software system to understand the 
relationships between different components. Refactoring is 
a common practice in reverse engineering of software 
system, where the aim is to restructure the software system 
to improve its quality while preserving its external behavior 
or functionality [1]. Refactoring usually relies on 
information such as the static relationships between the 
components of the system, e.g. packages, files, classes, 
functions or even variables and statements etc., and 
proposes operations towards eliminating code defects or 
bad smells. In effect, these refactoring operations improve 
different aspects of the software quality.   

Software quality can be measured using different 
metrics each of which proposed to shed light on different 
aspects of the quality of the design and implementation of 
a software system. Cohesion for example measures how 
related the components of a package are, while coupling is 
about the interdependency of units in the system. Usually 
high cohesion and low coupling yield more reusable units 

[2, 3, 4]. Design flaws that degrade these quality values are 
called bad smells. And the ultimate goal of refactoring is 
therefore to eliminate these bad smells from the systems 
[5]. 

This paper gives a detailed overview of refactoring 
process and also discusses critical components of this 
reverse engineering practice. We first present some 
example bad smells and corresponding refactoring actions 
to eliminate them. We then show research results to 
demonstrate how refactoring improve the software design 
which should never be considered only as an aesthetic 
issue. 

II. SOFTWARE QUALITY MEASURES 
Software quality can be measured in many different 

ways. The simplest quality aspect can be the size of a 
software module. Source lines of code (SLOC) is a 
software metric that intuitively measures this aspect of 
quality in terms of the number of lines of code within a unit. 
Although simple, this metric can still be interpreted 
differently depending on the definition of size of a software 
unit. For example, whether comments or white spaces 
should be counted towards the size may be a subjective 
point.  

Another commonly concerned quality aspect is the 
complexity of a software unit. And, Cyclomatic 
Complexity (CC) is a software metric that measures this 
aspect of quality based on linearly independent paths within 
the control flow graph of a software unit. 

 As mentioned before, Cohesion refers to the strength 
of functional or structural relatedness of elements within a 
software module [6]. In a highly cohesive module, all the 
elements are strongly related in terms of their functionality. 
In other words, each element takes a partial responsibility 
of a larger well-defined task.  

Coupling indicates the intensity of a module’s 
dependency on other modules in the system. If a module 
possesses high coupling, this may imply that some of the 
intended responsibilities of this module, have been 
assigned to the other modules haphazardly. Cohesion and 
Coupling are closely related in the sense that incorrect 
placement of some elements in software modules reduces 
cohesiveness of the module and at the same time increases 
coupling [6].  
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The impact of software quality on the overall 
production cost is major since a reusable and 
comprehensible module with a clear intent will be more 
maintainable compared to a highly coupled and less 
cohesive one [7,8]. In other words, these quality metric 
values such as cohesion and coupling strongly indicate how 
reusable and maintainable the code is.  

There are many other quality aspects for a software 
system other than the ones we briefly discussed here. 
Numerous Software Metrics also exist in literature to 
quantitatively measure each aspect of the quality. Of 
course, a quantitative value by itself is of no use, if it does 
not indicate how this value can be improved. This is when 
the refactoring comes into the picture. We argue that a good 
metric should not only give information about the current 
status of the software in terms of the quality aspect it 
measures, it should also suggest how the system should be 
refactored to improve the quality.   

III. BAD SMELLS IN CODE 
Quality metrics are used to find out design flaws in 

software systems or measure the quality of code in specific 
ways. In literature, bad smell is a term used to describe 
common structural issues in code that need to be eliminated 
to make the code more maintainable. To achieve this, an 
appropriate refactoring operation needs to be carried out.  
Yet, knowing which particular refactoring operation to 
apply and how that refactoring works may not suffice to 
keep the code clean [1]. Knowing when to apply the 
refactoring is as important as knowing how to apply it. 

 Refactoring suggest some structural changes to the 
code to eliminate a certain design flaw. Sometimes 
software quality may be a subjective matter. For example, 
maximum number of lines of code in a method may differ 
from developer to developer.   Although there is not a well-
defined criterion as to when to apply refactoring, code 
smells are often very good indicators of refactoring 
necessities. In the following subsections, we describe four 
of the most commonly found bad smells. 

A. Duplicated code 
Duplicated code occurs when identical or very similar 

code structures are repeated usually via copy-paste [1]. 
These repetitions may emerge within the elements of the 
same module as well as across different modules. This is 
one of the more common bad smells and relatively more 
dangerous too.  

As we stated before, quality of software design may 
have severe consequences to be considered merely as an 
aesthetic issue. The effect of duplicated code for example 
may be realized during maintenance when a bug is 
discovered within the duplicated structure. The author of 
the code, unaware of this duplication, will be convinced 
that the bug has been eliminated upon fixing only one of 
these duplicates.  But in reality, the bug has also been 
repeated as many times as the code duplicates.  

To eliminate this bad smell, extract method refactoring 
should be applied [1]. For this, first all duplicates of code 
should be located and then they should be extracted as a 
separate method with usually no or very little change in the 
code body. Then each duplicate should be replaced with a 
method invocation with appropriate parameters if needed. 

We should note that the developer is not the one to 
blame here since they may not be the original author. 
Moreover, considering the fact that software development 
is a collaborative work, one should not be held responsible 
for these kinds of bad smells in the development team. We 
should be aware of software evolution and software decay 
and also know that code written even by the most 
experienced developers may over time need refactoring. 
Staying alert and monitoring them continuously, bad smells 
may be identified early in software life cycle and be 
eliminated before causing much harm and damage.      

B. Long Method 
Although there is not a priori definition for a long 

method, methods that are too long, those that are trying to 
do too much in a single body, are less maintainable [1]. 
Long methods usually possess a higher complexity rate and 
hence are not very comprehensible. Therefore, presence of 
undesirably long methods in a software system directly 
impacts the quality and in effect the general and 
maintenance cost in particular. 

Extract method refactoring can be proposed as a remedy 
to this bad smell. Yet, application of extract method 
refactoring may not be so trivial. One cannot haphazardly 
select a code fragment to be extracted as a new method 
since a higher quality product is expected as an output of 
the refactoring. Therefore, selection of appropriate code 
fragments is crucial for the objectives of this refactoring to 
be reached. The goal should be to determine sub tasks 
within the larger original method body in order for the 
refactoring to yield highly cohesive, comprehensible and 
therefore maintainable shorter methods. 

C. Large Class 
Large class bad smell should be thought in terms of the 

clarity of abstraction rather than its physical size as source 
lines of code. Sometimes a collection of unrelated tasks 
may be given to a single class as a responsibility. This of 
course degrades the quality of this class in terms of 
cohesion, coupling, and reusability. As the key unit in 
object oriented design, classes are supposed to have a well-
defined intent in order to be reused and maintained easily 
[1, 5]. Sometimes, classes may have a poor reusability due 
to the initial design and implementation of the system 
within a restricted time frame.  The dynamic structure of 
software development sometimes may cause classes to lose 
their quality due to the poorly managed maintenance 
operations over time such as bug fixes, performance 
enhancements, or additional features based on customer 
needs etc.  



Extract Class refactoring may be the first and most 
likely to succeed alternative to eliminate the Large Class 
code defect. Just like any other refactoring, this one is also 
a very tedious process where one should know which 
entities e.g. variables and methods, should be grouped 
together for extraction. For this, the structural and possibly 
semantic relationships between these entities need to be 
rigorously studied and there is plenty of room here to try 
out novel methods. One should remember that the ultimate 
goal of refactoring is to improve quality. Therefore, while 
extracting a class, entities of the original class should be 
selected precisely in order for the new class to include only 
strongly related entities and have higher cohesion degree.  

D. Long Paramter List 
Just like a method’s body itself, its signature or 

prototype also should be clear and simple. Length of a 
method’s parameter list may be as important as the length 
of method’s body considering the comprehensibility. 
Methods with long parameter lists are usually more 
complex to understand and therefore costly to maintain. 

There are several refactoring operations that can be 
performed to eliminate a long parameter list bad smell. For 
example, Replace Parameter with Method refactoring 
suggests that the method itself should compute the value if 
possible instead of taking that value as a parameter [1]. This 
is not as easy as it sounds since to determine this case 
requires factoring in a lot of different scenarios regarding 
the method and calling objects. Also, this refactoring may 
oftentimes require many small manual changes. 

IV. SIDE EFFECTS OF REFACTORING 
As an essential software engineering practice, Software 

Refactoring requires a certain degree of expertise. 
Especially those refactoring that relies on existing 
structures and relationships such as extract class refactoring 
should be performed under the supervision of an expert 
software engineer. Otherwise a novice software engineer 
may not be able to assess the parts of code that should go 
together to create a new class. 

Considering especially refactoring operations that 
produce new units such as extract method and extract class 
refactoring; the entire refactoring involves mainly two 
components: the original unit (method or class) and the 
prospective unit to be created as a result of refactoring. 
While making a refactoring decision to eliminate a 
particular bad smell from the original unit, one should also 
always consider the quality of prospective units as well. In 
other words, while for example performing an extract 
method refactoring to eliminate a long method bad smell, 
one should be careful not to select code fragments that 
would create methods with long parameter lists [8]. Or 
while performing an extract class refactoring, one should 
pay close attention to how cohesive the resulting new 
classes are to become. These are some potential serious side 
effects of refactoring that may be expected especially when 

the refactoring is performed by a software engineer 
incompetent in refactoring.    

As mentioned before, refactoring works around usually 
the static structure of source code while absolutely 
preserving the functionality. When a relatively complex 
refactoring is on the agenda, one should put extra effort in 
verifying that nothing has been changed semantically or 
syntactically in the system. 

This discussion points out some key elements that play 
important roles for refactoring to achieve its objectives. In 
the following section, we discuss these key elements 
followed by our analysis of refactoring as a research field 
in academia and as an engineering practice in industry. 

V. KEY ELEMENTS OF REFACTORING 
For the most part, refactoring is about the static 

relationships between or properties of units in source code. 
For small software systems, structure or design may be 
considered as an esthetic issue. For a larger enterprise 
software structure and design become much more 
important due to their direct impact on cost. Therefore, a 
higher quality design should be the objective and this 
design needs continuous refinements to preserve the initial 
quality against software evolution.  

A. Static Analysis Tool 
A robust static analysis tool constitutes the first and 

most important element of contemporary software 
refactoring. Regardless of the type of refactoring, the first 
step is to determine the need for refactoring. This of course 
cannot be done by manually inspecting the code to find 
refactoring opportunities. A tool to generate the 
information that we may be interested in is one of the key 
players of refactoring practice. When we look at refactoring 
scenarios, we notice that the refactoring decision is largely 
made based on a small piece of information in a particular 
code block or system structure. Therefore, the static 
analysis code does not need to parse the entire source code, 
but rather it should be capable of extracting only the 
information we need. For example, for an extract method 
refactoring, all we are interested in may be the number of 
lines of code in methods to make the initial refactoring 
decision; and local variable declarations and references and 
scopes within a specific method to locate candidate code 
fragments. It is pretty obvious that we do not need a tool 
that is capable of parsing the entire language grammar to 
do this job. 

B. Visualization Tools 
Although the information we need may come from only 

a specific part of the system, we still need to represent this 
information or property to the user in a clear and 
understandable way. Refactoring decisions are drawn based 
on the quality metrics and it is paramount to display the 
effects of the refactoring within its context. Since 
refactoring is much more important in large code bases 
where no single author can comprehend the entire code, 



providing visualization to support bad smell detection 
becomes invaluable. Manuel code inspection in such 
systems for identifying refactoring opportunities usually 
remains very impractical and unreasonable.  

C. Refactoring Automation Tools 
Most refactoring executions can be considered as a two-

step process. First the bad smell needs to be identified and 
second a proposed refactoring should be applied. In this 
two-step process the second step is relatively trivial. The 
actual issue that we usually face is how we can effectively 
detect the bad smells. There are existing built-in tools in 
most contemporary Integrated Development Environments 
(IDEs) that help carry out a particular type of refactoring 
on a code fragment that is selected by the user manually. 
For the refactoring process to reach its actual potential in 
reducing the cost of software development, we need to 
effectively automate the selection part as well in the wo-
step process. This relies on the first tool that we listed 
above: a robust static analysis tool and builds on top of this 
the actual logic functionality to propose refactoring. 

The issue we see here is that automating the first step is 
not a trivial task mainly because of the fact that there is not 
usually a clean-cut logic that derives refactoring decision. 
Refactoring, just like the actual development process, is 
very much dependent on the developer's psychology that is 
not only fundamentally variant from developer to 
developer, but also very difficult to generalize. What we are 
trying to discuss here is much more than just saying that 
refactoring decision is a subjective process. To a certain 
degree we can argue that it is on the contrary very objective 
when we consider a simple long method bad smell. We can 
easily put a threshold on the physical size of a method. Yet, 
different developers would create a different modular 
version of that long method, hence their refactoring 
decision would vary.  

We think that the refactoring automation tools should 
give the developer the authority to specify the refactoring 
criteria. They should give the developers flexibility to 
define the refactoring conditions instead of identifying the 
refactoring opportunities based on some pre-defined set of 
rules.  

D. Test Automation Tools 
Refactoring obviously needs to be applied to code that 

works. The most fundamental expectation from any 
refactoring is that it must not change the behavior or 
functionality of the code [5]. So that means we need to be 
able to verify that that is the case at the end of every 
refactoring operation. This is possible via an automated 
testing tool to make sure that all tests that pass before the 
refactoring also pass after. We can also say that if a test case 
is failing before refactoring it should also fail after the 
refactoring. So, we must be very strict in the notion of 
behavior preserving transformation.  

VI. AGILE DEVELOPMENT AND REFACTORING 
Agile development has recently turned into the 

mainstream software development process. It is common 
place to see elements of agile even in teams that have had a 
plan-driven development tradition. The popularity of this 
software development process mainly stems from the fact 
that it supports rapid and iterative development [9]. 
Following is a set of values commonly referred to as the 
agile manifesto: 

"Individuals and interactions over processes and tools,  
 Working software over comprehensive documentation,  
 Customer collaboration over contract negotiation,  
 Responding to change over following a plan. [10]" 

Refactoring is an integral and very natural part of the 
agile processes since refactoring is also about the changing 
nature of software development. When we look at the 
common practices of Extreme Programming which is a 
specific agile development itself [9], we see that all of these 
practices naturally imply the need for effective refactoring. 
Sommerville in his famous book on Software Engineering 
lists refactoring directly as an XP practice and other 
practices he lists are also closely related to refactoring [9]: 

Collective Ownership: This XP practice is very 
important to encourage the developers to refactor their 
code. Since the code is collectively owned by the team, 
individual developers will be more willing to spend time on 
refactoring. In more traditional development settings where 
the developers' productivity is measured by the amount of 
code they produce, refactoring can be perceived as a 
practice that negatively impacts productivity since they 
would prefer to spend that time for writing code than 
refactoring existing code.  

Pair Programming: As an XP practice this also 
inherently supports refactoring. While a developer is 
writing code, another developer simply reviews the code to 
make sure that they produce high quality code. An extra 
pair of eyes can obviously better detect refactoring 
opportunities early in the development phase. 

Simple Design: This is also directly related to 
refactoring as simple design will be more comprehensible 
and maintainable naturally. 

Test First Development: In XP tests are generated 
before the implementation for a particular requirement 
takes place. Since the development is incremental, with 
every development cycle all tests are run to make sure that 
nothing has been broken from the earlier increments. These 
test is known as regression testing and is also a very 
important element in effective refactoring as explained 
before. We need to run these tests also before and after any 
refactoring. 

VII. REFACTORING IN INDUSTRY AND ACADEMIA 
Refactoring is a big necessity in industrial software. 

When you consider a large code base, obviously you cannot 



expect any single person to fully understand the entire code. 
The development team may also change and the original 
authors for the code may or may not be in the team. After 
many changes, the code becomes very difficult to 
understand even for its authors. So, refactoring improves 
the code design and structure hence reduces the cost of 
future changes. Since this kind of systems tend to be for 
general use rather than a single customer, the company who 
owns the software will maintain the code for a long time, 
add new features improve the system and eliminate the 
reported bugs. Therefore, it will be even more crucial to 
keep the system clean and understandable. 

On the other hand, for smaller projects refactoring is 
also needed. We know from personal experience that some 
research groups for example hire developers to simply 
maintain their code. We have encountered situations where 
individual developers get paid for refactoring such code. 

We think that refactoring in academia needs more 
attention. Our observation in this part is mostly for the 
universities and research institutions in Turkey. We think 
that there are two main factors that can be thought of as the 
reasons for the lack of quality research in this field.  

Firstly, refactoring research requires a real open source 
software to work on. Although open source projects may be 
used for refactoring research we think that proprietary code 
from industry will be more suitable to evaluate the 
refactoring results. So, collaboration is needed very much 
between research institutions and software companies in 
this regard which is something that we do not see 
happening currently.  

Secondly, the automated refactoring tools need to be 
evaluated by real developers. Again, collaboration is very 
important in this regard between developers and 
researchers to evaluate the refactoring suggestion obtained 
from such automation tools. In most research universities, 
this collaboration is not possible due to lack of active 
software development. So, we think that researchers may 
have a hard time to validate the results of their novel 
refactoring tools. 

In academia, more focus should go onto refactoring in 
preparation of the curriculums. Refactoring is covered 
mostly in Software Engineering classes very briefly. We 
think that more time and effort should be spent on 
conveying the importance of refactoring and details of how 
refactoring process works. 

VIII. CONCLUSIONS 
This paper discusses the refactoring in software 

engineering from different perspectives. We share our 
experiences and observations about this very important 
software engineering practice and point out where 
improvements can be made for more effective research and 
application of refactoring. 

We first describe the refactoring process briefly and 
discuss several example bad smells, design issues that 

degrade software quality, and the proposed refactoring 
solutions to them in [1]. There is no doubt that keeping 
software code clean by systematically applying refactoring 
reduces development cost dramatically. 

We think that there are a number of factors that 
determine the effectiveness of refactoring process. 
Effective refactoring process requires a certain degree of 
automation. We list four different types of tools that we 
think are very important contributors to the success of 
refactoring: static analysis tools, visualization tools 
designed to support refactoring, refactoring tools for the 
execution of the refactoring process, and automated testing 
tools to verify that refactoring operations indeed preserve 
the behavior of the system. 

In the last part of the paper, we discuss the place of 
refactoring in both industry and academia. We think 
refactoring is much more important for large generic 
industrial software compared to software created for a 
specific customer. Since generic software is maintained by 
its vendor for a long time, refactoring is inevitable to reduce 
the cost associated with not only fixing bugs but also 
adding new features and enhancing the system in different 
ways for future versions. We also point out in this part that 
refactoring is one of the key practices in agile development 
processes such as extreme programming. 

As for the situation in academia (this part is more 
specific to the country of Turkey), we think that 
improvements are needed. We think that refactoring should 
be integrated more in the curriculum of software 
engineering departments. More focus should be placed on 
refactoring instead of covering it briefly in software 
engineering courses. We also think that collaboration 
between universities and industry is very important to 
accelerate awareness in refactoring as a research field and 
as an applied engineering practice. This collaboration is 
especially important to provide expert support for 
validating research results and providing source code as 
candidates for refactoring. In a larger scale, a virtual 
collaboration team can also be formed to bring together 
researchers working on refactoring where they can 
exchange opinions and contribute to other research by 
especially helping to evaluate the automated refactoring 
results. 
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