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Abstract
Refactoring/restructuring is important part of maintenance 
activities which improves software quality. This paper focuses 
on various methods for restructuring for procedural languages, 
object oriented languages and web based applications. 
Restructuring activities are taken place in code to improve 
the quality of the software application.Repetative code 
components, frequent item sets, Long classes, God classes in 
the code are the main areas where restructuring can be applied. 
Different methods like extract method, rename method, move 
method, pull-up method are applied in different situations. 
These methods are used in combinations and conflicts should 
be avoided while applying the restructurings. 
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I. Introduction
According to Chikofsky and Cross [7], restructuring is defined as 
“the transformation from one representation form to another at 
the same relative abstraction level, while preserving the subject 
system’s external behavior (functionality and semantics. The 
term refactoring was originally introduced by Opdyke.Refactoring 
is basically the object-oriented variant of restructuring: “the 
process of changing a [object-oriented] software system in 
such a way that it does not alter the external behavior of the 
code, yet improves its internal structure”. 

The refactoring process consists of a number of distinct 
activities:
1.  Identify where the software should be refactored.
2.  Determine which refactoring(s) should be applied to the 

identified places.
3.  Guarantee that the applied refactoring preserves 

behavior.
4.  Apply the refactoring.
5.  Assess the effect of the refactoring on quality characteristics 

of the software (e.g., complexity, understandability, 
maintainability) or the process (e.g., productivity, cost, 
and effort).

6.  Maintain the consistency between the refactored program 
code and other software artifacts (such as documentation, 
design documents, requirements specifications, tests, 
etc.).

Types of Software Artifacts which can be restructured or 
refactored are, Programs, Software architectures, Requirements 
specifications.
The paper starts with introduction; gives information about 
some related work in the section II.Section III discusses various 
refactoring methods and the application of these methods 
for object oriented, procedural, web based applications and 
database restructuring. It also discusses the code smell 
identification methods. The paper concludes with section IV.

II. Related Work
Refactoring can be done in many ways. Single refactoring 
may lead to many other refactoring methods. To improve the 
code quality in such cases every refactoring has to be applied. 
While applying the refactoring methods care should be taken 
so that the impact of one refactoring should not get nullified 
after second refactoring. H. Liu [14] has suggested algorithms 
for scheduling the refactoring. Following is the example of 
refactoring [17].

Fig. 1 : Document class hierarchy and helper classes 

Fig. 2 : Refactored design model for the Document class 
hierarchy 

A. Code Smell Identification Methods
According to Naouel Moha [1], DETEX and DECOR methods 
are useful for identification of antipatterns,code smells 
with the help of existing literature concepts of code smells. 
According to Hamid Abdul Basit [2], data mining frequent item 
set concept is used for the identification of frequent file level 
and module level clones so that these items can be grouped 
together to increase cohesiveness. According to Bruntink [6] 
, aspect mining can be used to identify the code clones in 
Aspect oriented programming. He is discusses the ways to 
find the clones in the program. Marcus suggested Conceptual 
cohesion of classes for identifying the degree of cohesiveness 
in the class from analysis of textual information. This degree 
of cohesiveness is the indicator for refactoring activities. If 
the degree of cohesiveness is high then the class will remain 
as it is but is the degree of cohesiveness is less then move 
method, extract method, pull –up method or Remove God class 
methods can be applied.

B. Refactroing/Restructuring Methods
According to [11] Move method suggests us the ways for taking 
the methods and attributes in one class where they are refereed 
more. It concentrates on the notion of distance between 
system entities and classes and then suggestions for the move 
method are given. According to Binkley [12] ASPECT-ORIENTED 
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Software Development (AOSD) is a programming paradigm 
in which “crosscutting concerns” that pervade a system are 
isolated and extracted into separate modules called aspects. 
Author proposed 6 types of refactoring are possible in AOSD like 
Extract End of Method, Extract After Call, Extract Conditional, 
Pre Return, Extract Wrapper, Extract Exception Handling As per 
Zhang [10]using block oriented control constructs, such as 
while and if-then-else statements, most imperative languages 
enforce a structured style. However, branches such as jumps 
and goto’s, interacting with block-oriented statements, make 
these statements unstructured, because there is no single 
locus of control. 

C. Methods for tracing refactoring/Rectructuring in the 
program
Godfrey [17] has suggested methods for finding restructuring 
or refactoring done in the program based on Clone elimination, 
Service consolidation, and  Pipeline contraction function (the 
service provider) is only ever called by a single client then 
that function is merged into the calling function. Dig [18] 
has suggested Merging algorithm which takes the versions 

of the code and finds the changes or refactoring done in the 
base version. Xing [19] gave the UMLDIFF method in which 
the refactoring or restructurings are found out form the UML 
design diagram versions. Concept Analysis is done to identify 
the cohesion in the entities by checking the accessed attributes.
[8]. Design level cohesion can be found out using the tokens 
and various metrics like WFC are calculated [9].

III. Discussion
Refactoring and restructuring has proposed the methods for 
improvement of quality of code. While applying the methods 
some guidelines have to be followed.

1. Structured Code Restructuring
The Structured code can be restructured simply by rearranging 
the code.Goto statement, branch statements are just rearranged 
so that the control flow should be in forward manner. There 
should not be many jumps in the code execution. Table I shows 
the methods for restructuring of structured code.

Table 1 : Structured Code Restructuring

Methods Refactoring Mechanism Advantages

Parallel execution of statements [16]  Find the independent statements from 
the accessed variables.

Improves CPU performance and 
reduces CPU time.

Removal of GOTO statements [10] If statements with different blocks. Parallel code fragments are detected. 
Program is reduced.(provided code 
duplication is not there)

Removal of Back ward branches [10] Use while loop to removed backward 
branches.

Program parallelization is achieved.

Removal of Single Forward branches 
[10]

Block If statements are used for single 
forward statements.

Program parallelization is achieved.

Removal of interacting forward 
branches using exit statement[ 10]

EXIT statement Program parallelization is achieved.

Removal of code clones Code fragments which are repeated 
are to be taken out and convert them 
into function.

Standardization of the code is done.
Redundncy is removed.

2. Object Oriented Refactoring a Template
Table II is the summary of the methods which can be applied 
to the object oriented code.Design Patterns are useful to 

restructure the code and achieve quality. There are many design 
patterns available for improving the quality and to standardize 
the code.

Table 2 : Object Oriented Refactoring Method 
Refactoring Methods for OO Code Motivation Advantages
Extract method-Method is to be 
extracted from the long methods which 
can perform specific role [7]

Long method
Code clones

Short and simple methods
Code duplication avoidance

Move Method-Move the method to the 
class where the method is accessed or 
referenced [11]. 

Attributes or methods are referenced from 
other classes than where it is defined.

Less coupling ,more cohesion

Pull-Up Method – Move the method to 
the superclass from the sub class [14].

subclasses of a certain class share some 
functionality but each implements it 
separately

Code duplication avoidance

Push Down Method/Member-Move the 
method or member to the subclass from 
the super class [13].

moves selected methods and fields from a 
class to all the classes that directly extend 
it

Make the method specific to 
the subclass as to perform the 
specific function
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Extract Class ,Extract Sub class 
Separate the functionality specific to the 
different classes [7].

class is very large(Swiss Army knife code 
smell)

Specific responsibility assignment.

Extract Constant – Expression is 
converted to the constant to save the 
time of calculation always.

Replace expression with some constant. Increase the performance if the 
expression is refereed many times 
in the code.

Rename Method –Methods name is 
changed to avoid the conflict [7].

name conflict in methods after move 
method refactoring

Removes conflict and eases the 
move method refactoring

Introduce Parameter –Replace the 
instance of the local variable into 
parameter [13].

When instance of the field or local variable 
is to be replaced.

New parameter removed the 
instance of the field or local 
variable and gives user the 
flexibility to give the value to the 
method.

Convert Local Variable to Field –Local 
variable is pulled up to the class level 
from method as it is referred by other 
methods from the class [13].

When the variable is required at the class 
level and is declared at the methods level.

Increases cohesiveness as the 
variable is not needed to pass to 
the other methods.

Extract Interface – Some functionality 
from the class is to be hidden from other 
classes so converted to the interface 
[13].

Class is not longer necessary for 
instantiation; interface can be made from 
the class. 

As class is not instantiated, the 
same functionality is provided 
through interface with increased 
security.

Collapse Hierarchy – Removal of 
subclasses and convert it to class only 
[13].

When subclass is not necessary to be 
the subclass. The functionality can be 
achieved through s single class.

The functionality can be achieved 
through one class and increased 
security is achieved.

Introduce Parameter Object –Many 
parameters are passed to the methods. 
So convert the parameter list to the 
object [13].

When methods with more parameters are 
to be made readable.

As the parameters are converted 
into objects, methods become 
readable.

Design By Contract- DBC defines that 
methods should have defined input and 
output verifications [13].

When the security is very important, data 
which is entered by the user has to be 
checked by the system.

It increases the security of the 
code.

Remove God Classes-break the class to 
the specific roles [13].

Class is doing many jobs with different 
roles.

Increased Cohesiveness

Remove Boolean Method –break the 
methods which have large number of 
Boolean parameters [13].

Sometimes many Boolean parameters will 
lead to the unexpected behavior in method

No unexpected behavior, good 
control on method.

Remove Middle Man- Classes are 
behaving as messager.Such classes can 
be removed from the code [13].

Unnecessary classes which are just acting 
as a bridge can increase complexity

Reduced complexity.

3. Web Based Refactoring
Web based refactoring is mainly concentrating on the usability aspect of the application. Web site should give high importance 
to usability as the main aim of the site is to gain the attention of user. Following table gives some of the usability restructuring 
mechanisms.

Table 3 : Web Based Refactoring

Model Motivation Refactoring Mechanism Advantages

Presentation 
model[15]

Users often leave a web- site 
in the middle of a transaction 
after waiting some time 
without receiving feedback 
that their transaction is in 
progress. A processing page 
can alleviate this problem.

Add a new presentation class to 
represent a processing page. Add 
widgets into the new page for a progress 
bar and some text or place a progress 
bar on the input form

Removal of Bad smells: No way 
of knowing current state in a 
process
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IV. Conclusion
Refactoring or restructuring is playing very important role in 
case of maintenance. These activities are improving quality in 
terms of the performance, CPU time, readability, usability.
Restructuring or refactoring can be applied for web application 
mainly for GUI.Design patterns is very important tool for the 
restructuring. In some cases, to achieve the quality series of 
refactoring or restructuring methods has to be applied. While 
applying the restructuring care should be taken to keep the 
effects of previous refactoring. 
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