
Abstract
Object orientation promotes software reuse which in turn involves 
reapplying knowledge about one software to reduce the efforts to 
develop and maintain another software. Refactoring do not change 
the behavior of the program, they can support design and evolution 
by restructuring a program in a way that allows changes to be 
made more easily. Bad smells in the code suggests the possibility 
of refactoring. This paper presents some of the heuristics based 
on bad smells in code.
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I. Introduction
As the software is enhanced, modified and adapted to new 
requirements, the code becomes more complex and drifts away 
from its original design, thereby lowering the quality of the 
software. Because of this, the major part of the total software 
development cost is devoted to software maintenance [1, 2, 3]. 
One of the key emerging disciplines of software engineering is 
refactoring. Refactoring, as a software engineering discipline, 
has emerged over recent years to become an important aspect 
of maintaining software. Refactoring refers to the restructuring 
of software according to specific mechanics and principles. It 
reduces complexity and increase comprehensibility of software 
[4]. The term refactoring was originally introduced by William 
Opdyke in his PhD dissertation [5]. Refactoring is basically the 
object-oriented variant of restructuring 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” [4]. The key idea here is to redistribute classes, variables 
and methods across the class hierarchy in order to facilitate future 
adaptations and extensions. In the context of software evolution, 
restructuring and refactoring are used to improve the quality of the 
software (e.g., extensibility, modularity, reusability, complexity, 
maintainability, efficiency). A poorly designed system is hard to 
change as it is difficult to Fig. out where the changes are needed. 
And if it is difficult to Fig. out the place of changes, then obviously 
the probability of occurring errors increases. Refactoring is the 
process of changing a software system in such a way that it does 
not alter the external behavior of the code yet it improves its 
internal structure.

II. Principles of refactoring 
Refactoring refers to a change made to internal structure of software 
to make it easier to understand and cheaper to modify without 
changing its observable behavior. It is usually a small change to the 
software, although one refactoring can involve others. Refactoring 
is restructuring software by cleaning the code in more efficient 
and controlled manner, in order to make it easier to understand 
and modify by applying a series of refactoring without changing 
its observable behavior.

III. Heuristics based on bad smells in code 
The most widespread approach to detect program parts that 
require refactoring is the identification of bad smells. According 

to Kent Beck, bad smells are “structures in the code that suggest 
(sometimes scream for) the possibility of refactoring” [4]. Martin 
Fowler informally links bad smells to refactorings [4]. Simon et 
al. use object-oriented metrics to identify bad smells and propose 
adequate refactorings [6]. 
The major reasons for refactoring are:
• It improves the design of software and eliminates duplicate 

code.
• It makes software easier to understand and more readable.
• It helps to find bugs as it makes the code more structured 

and understandable.
• It helps programmers to program faster, improves quality by 

improving design, readability and reducing errors.

The most common time to refactor is whenever a new feature is 
added to software, a bug is fixed and code review is done. Code 
reviews help spread knowledge through a development team. 
Reviews helps more experienced developers pass knowledge to 
less experienced people. Good programs are easy to read , that 
have all logic specified in one and only one place, that do not allow 
conditional logic to be expressed as simply as possible. Refactoring 
is a process of taking a running program and adding to its value. Not 
by changing its behavior but by giving it more qualities that enable 
us to continue developing at speed. Heuristics plays an important 
role in software development and is widely used to provide a link 
between design principles and software measurement [7]. They 
offer insightful information based upon experience that is known 
to work in practice. Heuristics are not meant to be exact; in fact, 
they derive their benefits from this imprecision by providing an 
informal guide to good and bad practices. They provide a means by 
which knowledge and experience can be delivered from the expert 
to the novice. Design is a difficult task because it involves finding 
compromises between conflicting pressure, cost and reliability and 
many of these pressures ultimately arise from human concerns, 
with all that implies in complexity, diversity and changeability. 
Refactoring and heuristics helps to improve software design and 
quality. 
The following are some of the heuristics based on bad smells in 
code:

Heuristic : 1 
Better to split long methods into shorter methods as long methods 
are difficult to understand.

Heuristic : 2
Minimize the use of long parameter list and temporary variables. 
Long parameter lists are hard to understand, inconsistent and 
difficult to use.

Heuristic : 3
Programmer should write a method, whenever comments are 
needed. Such a method contains the code that was commented 
but it is named after the intention of the code rather than how it 
does it. A block of code with a comment that tells what it is doing 
can be replaced by a method whose name is based on the comment. 
Even a single line is worth extracting if it needs explanation.
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Heuristic : 4
Conditionals and loops also give signs for extractions. It is better 
to decompose conditional expressions and extract the loop and 
the code within the loop into its own method.

Heuristic : 5
Do not create god or large classes/objects in your system. When 
a class is trying to do too much, it often shows up as too many 
instance variables and end up with duplicated code. The simplest 
solution is to eliminate redundancy in the class itself. A class 
with too many variables should be extracted into more number 
of classes.

Heuristic : 6 
Beware of divergent changes. Structured software is soft and easy 
to change. Divergent changes occur when one class is commonly 
changed in different ways for different reasons. Any change to 
handle a variation should change a single class, and all the typing 
in the new class should express the variation. To clean this up 
every change must be identified for a particular cause and the 
split it into more classes to put them all together.

Heuristic : 7
Divergent change is one that class that suffers much kind of 
changes, and shotgun surgery is one change that alters many 
classes. Whenever there is lot of changes in different classes and 
changes are all over the place, they are hard to find, and it’s easy 
to miss an important change. In such a case, move method or move 
field is used. In case of Move method, a new method is created 
with a similar body in the class it uses most. Move method is 
done when classes have too much behavior or when they are too  
much collaborating and are highly coupled. By moving methods 
around, classes are made simpler. In case of move field, a new field 
is created in the target class, and which in turn changes its users. 
Moving state and behavior is the very essence of refactoring.

Heuristic : 8
Determine a class that has most of the data and put the method 
with that data. The method is break down into pieces that go 
into different places or move method is used. A classic smell is a 
method that seems more interested in a class rather than the one 
it actually is in the most common focus of envy is the data.  

Heuristic : 9
Data clumps are data items that are hanging around in groups 
together. Bunches of data that hang together really ought to be 
made into their own object. It is important to look for where the 
clumps appear as fields. The extract class method is used on the 
fields to turn the clumps into an object. Instead of passing several 
values from an object in a method call, it is always better to send 
the whole object instead. When an object passes several data 
values from a single object as parameters in a method call, the 
major problem arises if the object needs new data values later, then 
programmer has to find and change all the calls to this method. 
So, it is better to pass the whole object from which the data came. 
The called object then ask for whatever it wants from the whole 
object. It is also important to note that if a group of parameters 
are there that naturally go together or tend to be passed together, 
then it is better to replace them with an object. Several methods 
may use this group, either in one or more classes. Such a group 
of classes is a data clumps and must be replaced by with an object 
that carries all of this data. Therefore, it is worthwhile to turn these 
parameters into objects just to group the data together. In nutshell, 

reducing field lists and parameter lists will help to remove few 
bade smells in code.

Heuristic : 10
Turn the data item that needs additional data or behavior into an 
object. A class has a numeric type code that does not affect its 
behavior. Replace the umber with a new class. Replace the type 
code with subclasses if there is an immutable code that affects the 
behavior of a class. In case there exists a type code that affects 
behavior of a class, but sub classing cannot be used then type code 
must be replaced by a state object.

Heuristic : 11
Avoid use of switch statement as they often lead to duplicate 
code.

Heuristic : 12
Parallel inheritance hierarchies are really a special case of shotgun 
surgery. Whenever a subclass is made of one class, programmer 
has to make a subclass of another as the prefixes of the class 
names in one hierarchy are the same as the prefixes in another 
hierarchy. The general strategy for eliminating the duplication is 
to make sure that instance of one hierarchy refer to instances of 
the other functionality.

Heuristic : 13
Eliminate lazy classes. Lazy class is the one that isn’t doing enough 
to pay for it to maintain and understand. This class is added because 
of changes that were planned but not made.

Heuristic : 14
Move all the features of a class that is not doing much into another 
class and delete it. Merge super class and subclass that are not 
very different.

Heuristic : 15
Delete the methods and classes whose users are only test cases.  
Leave a method or class that is a helper for a test case that exercises 
legitimate functionality.

Heuristic : 16
Message chains couples the client to the structure of the navigation. 
Any change to the intermediate relationships causes the client to 
have to change. Encapsulation is an important feature of object 
orientation. It often comes with delegation. It means that object 
needs to know less about other parts of the system. Then when 
things change, fewer objects need to be told about the change. If a 
client is calling a delegate class of an object, then create methods 
on the server to hide the delegate. Whenever the delegate changes, 
the client also changes. So, this dependency can be removed by 
simple delegating method on the server, which hides the delegates. 
Any class which is doing too much delegation. The server class 
is just a middle man. So, it is better for the client to call the 
delegate directly.

Heuristic : 17
Bidirectional associations force interdependency between two 
classes. Any change in one class may cause a change to another. 
Drop the unneeded end of the association. Inheritance often leads 
to over intimacy and hence, over intimate classes needs to be 
broken down.
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Heuristic : 18
Methods should be named in a way that communicates their 
intention. Change the name of the method that does not reveal 
its purpose.

Heuristic : 19 
Any server class that cannot be modified and need additional 
methods, create a method in the client class with an instance of 
the server class as its first arguments. Also, create a new class i.e. 
a extension class either as a subclass or a wrapper of the original 
that contains that contains these extra methods.

Heuristic : 20
Move behavior from a super class to specific subclasses. The 
reason for this is that the behavior on a super class is relevant only 
for some of its subclasses. Move the field which is used only by 
some subclasses to those subclasses.

IV. Conclusion 
Object oriented heuristics encapsulate software problems and 
their solutions and provide a link between sets of software 
development principles and quantitative software metrics 
to produce high quality software. The potential benefits of 
undertaking refactoring and applying heuristics include 
reduced complexity and increased comprehensibility of the 
code. Improved comprehensibility makes maintenance of that 
software relatively easy and thus provides both short-term and 
long-term benefits.
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