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RELATIONSHIP BETWEEN OBJECT ORIENTED DESIGN CONSTRUCTS AND DESIGN DEFECTS
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ABSTRACT
Software design starts from the initial development of software. During software development, various types of defects are made. Most of the design defects come
from poor design, which affects the quality of the software. The basic principles of object-oriented design are inheritance, cohesion, coupling, abstraction and
polymorphism are incorporated during software development. Defects may be occurred at the implementation level of the software, after the delivered of the
software or during the maintenance of the software. If the defects are recognize and removed at the initial level of the software, then cost, time and effort are
minimized of the software. During software development, OOD constructs are exploited and various types of design defects are taken place. In this paper, author
implement the relationship between object oriented design constructs and design defects during software development at the initial phase of the software design.

KEYWORDS
00D, rigidity, fragility, immobility, complexity.

INTRODUCTION

s the use of software industry grows in today’s scenario, software quality is one of the important factors in software development. The defects must be
grecognized and corrected as early as possible, rather than delivery of the software. From various surveys, it is found that 90% of the total cost of a typical

software project is consumed after delivery of the software [1]. High-quality software is typical to develop and maintain in large software projects, since
they are costly to maintain because of bad design practices are the major cause of design defects, which make it difficult to add, debug and evolve all the features.
Many studies reported that software maintenance is very costly, if modification made on a system after the delivery of the software. When adding new function-
alities, bugs correction code modification, which improves the quality of the software as well as the cost optimization [2]. If these defects are identified at initial
stage of the software, then the post maintenance cost and time consuming is minimized. Software quality is assessed and improved during reviews and testing.
The primary objective is to detect defects and correct as early in the software process, before they are passed to another software engineering process and
released to the customer. There has been a lot of researcher focus on bad designs also known as defects, anti-patterns [3], bad smells [2] or anomalies. These bad
practices sometimes pay a huge loss generally, they are avoided by the development team at design level and removed at the code. Several approaches were
proposed for maintenance and improve the quality of the software.
This paper is organized as follows: | section introduced about the paper. In section Il, defines the defects and its types. In section Ill, literature work done by the
researcher for OOD and design defects. In section IV, OOD design defects are identified and section V, defines the OOD constructs. In section VI, implement the
relationship between OOD constructs and design defects. Last section is the conclusion of the paper.

DEFECTS

The responsibility of software developer is to deliver the quality products to the customer within schedule and cost. Software products meet-out all the require-
ment of the customer. These functions are the most important to the users to run the software without any defects. There are many factors of software quality,
the first quality concerns with the defects. Defects may occur in all the process of life cycle of software development. The word defect sometimes refers to error,
fault and failure. Defect can be referred either as fault (cause) or a failure (effect). Design defects are also called anomalies that refer to the design situation that
affect the development of the models. Design defects are occurred early in the software process that increased the cost of later stages of software process. Some
researchers have proposed processes and techniques to detect design defects. Beck [8], defines 22 sets of common defects. Design defects are common and
repeating design defects that comes from design defects or code defects, which are defined as follows:

1. Design Defects

Design defects are also known as anomalies that directly affect the development models. Design defects and design patterns are same used in various organiza-
tions. Design defects used as wrong solution to repeat problems in case of object oriented design. Ghannem et. al. [4], focus on the detection of defects, which
are appeared at the model level, especially in class diagram. Defect comes from various sources of objects either it comes from class, methods or attributes.

2. Code Defects

Itis occurred at the code level. Fowler describes code smells as “certain structures in code that suggest the possibility of refactoring”. It is occurred in the form of
duplicate code, large class, long method, long parameter list and data class. It is also linked with the inner working of the class and design defects reflect the
relationship between inner class and intra class.

LITERATURE REVIEW

Object oriented concept is the most common concept in today environment [6]. Object oriented system deals as the primary object in computation process. Object
oriented principles, direct the designer what to hold up and what to prevent. A good object oriented design needs operations and functions that must be used in
the development cycle. Defects are poor design selection, that decrease the quality of the object oriented design. It is similar to design patterns, which are used
and studied in the industry and academic. Design patterns are proposed as “good” solutions N. Moha found that design defects are based not only on metrics but
also on semantical and structural properties [7].Brown et. al. [5]. In 2011, G. Suryanarayan works on principle-based classification of structural based on structural
design smells [8]. There is a lot of study on characterization and detection of object oriented design (OOD) defects [9]. Various empirical studies have been con-
ducted to observe the impact of various OOD defects on code. These studies prove that OOD defects have a negative impact on maintainability [10], understanda-
bility [11] and fault proneness [12]. There is not any research work on relation between design constructs and design defects. Spoiled pattern can be used according
two viewpoints; architectural and knowledge viewpoint [15]. A single flaw in design will manifest in next phase of software life cycle and it will become harder to
diagnose the vulnerability as the software life cycle proceeds [16].
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IDENTIFYING OBJECT ORIENTED DESIGN DEFECTS

Design defects are certain structures in the design that indicate the violation of fundamental design principles. Design defects have many root, some of them come
from the limitation of the programming and other come from the work pressure or inexperience of the programmers. In paper [8], defects are catalog into four
categories (Abstraction, Encapsulation, Modularization and hierarchy). There are various types of mistakes execute by the developers at the time of software
design. The objective of these principles is to identify and highlight the most important defects keep in mind when design and developing defect free software.
There are four basics symptoms that are rotting our designs. They are not relevant, but they are related to each other [13][14]. These design defects are defined
below.

. Rigidity (Design is hard to change): It is the tendency for software to be hard to change in any ways. Every change causes a fall down of subsequent changes
in dependent modules. Effect of changes is reflected in descendent module [13][14].

. Fragility (Design is easy to break): It is related to rigidity. It is the trend of software to be changed in various places. Sometimes breakages occurred in areas
that have no relationship from various breakage points. Every time the developers are fear for the software failure from unexpected manner. Fragility is the
opposite of robustness. Example: suppose we touch a drinking glass and that glass breaks, it is fragile. Even if we put our fingers only on a small part of the
glass, the whole glass collapsed. A system that is fragile behaves similar. After a simple change has been made to the system, by adding new functionality or
fixing a problem, the whole system breaks. Often, breakages occur in many places that have no conceptual relationship to the changed part [14].

. Immobility (Design is hard to reuse): It is the quality of the software; to be reuse from other projects or same project. Generally, it occurs that one engineer
will discover that he needs a module similar to other module written by the other engineer. But he feels that there is too much change required to separate
the desirable parts that he depends upon. It is hard to reuse, so the software is rewritten [13].

. Viscosity (Hard to do the right thing): It comes in two forms; design and environment. Developers usually find more than one mode of changes. Some of
them continue with the design, some of them are not. When the design continued with the methods are harder to deploy. In case of environment develop-
ment environment is slow and incompetent. Suppose a program compile time is too long, and developers invited to make changes to minimize the compile
time, those changes which are optimal from design. If it is minimized from code by making changes in few files, then it is tempted to make changes, irrespec-
tive of design is preserved [13].

. Needless Complexity (Overdesign): It contains those elements, which are not presently useful. It happens when developers predict to change to the require-
ments and put facilities in the software to deal with those changes in future [13]. Good software design is lightweight, flexible, easy to read and understand
and above all easy to change in future. Building infrastructure where not needed leads to more time spent in the development process and therefore higher
costs. Additionally, the time to maintain the complicated parts of the system is increased, because it is hard to understand. Another term for Needless
Complexity is Building for the future [14].

. Needless repetition (Copy/Paste): Sometimes copy and paste is useful, but they can be disastrous in code editing operations. Generally, it is happen that
software systems are built in hundreds and thousands of repeated code elements [14]. When the same code appears again and again, in slightly different
forms, the developers are missing an abstraction. Identify all the repetition and eliminating it with substitute or abstraction method, it is a long process
towards make the system easier to understand and maintain [14].

. Opacity (Disorganized expression): These are the most common bad design principles. Some of them are applicable at design phase and some of them at
coding level or both. There are various researcher addressed either one or two design principles of bad design to minimize the design defects. To minimize
design defects at design level; identify subset and source of the above bad design defects [13].

From the above design principles author identified four design principles to address in the work. R. C Martin [13], said that rigidity, fragility, immobility and viscosity

are the four symptoms are the cause of poor design. Generally software are developed either start from commence stage or prototype software is used by making

some changes and reused it. When prototype software is used, some changes are required on various stages of software development. So, it is difficult to identify
the effect of changes on software. In general, cases design defects are introduced at design time, upgrade or during maintenance of the software. During this time,
most of the defects are occurred from rigidity, fragility, immobility and needless complexity of the design.

OBJECT ORIENTED DESIGN CONSTRUCTS

It facilitates to the designer to reusability, flexibility, maintainability, consistency etc. Object oriented plays an important role for providing various types of design

factors to implement OOD principle concept. There are various object oriented design constructs, which are used:

. INHERITANCE

It is the mechanism that allows new class to be created by extending and refining its capabilities. The existing classes are called the base/parent/super classes and

the new classes are called the derived/child/subclasses. Therefore, the new classes inherit the attributes and methods of the derived class provided that the base

class allows. Also, the subclass may add its own attributes and methods and modify methods of any super-class methods. There are various types of inheritance,

which are generally used:

»  Single Inheritance: A sub class is derived from a single base class. In figure 1 Student class used as base class and the attributes and methods are inherited
in Student_Scholarship defined in derived class.

»  Multiple Inheritance: A sub class derived from more than one base class. In figure 2, Wheel and Rubber are two base class. Tyre works as a derived class,
which inherit feature from two different base class, is called as multiple inheritance.

»  Multilevel Inheritance: A sub class is derived from a base class and which is extended to derived from another base class and so on. In figure 3, animal class
behaves as a super class and mammal sub class derived from super class. Mammal sub class behaves as a super class for human class.

»  Hierarchical inheritance: It is a form of tree structure in which a base class has number of derived class, each of which may have consequent number of
subclasses, with multiple levels. In figure 4, Vehicle super class has a number of sub classes and each of which has subsequent classes with number of levels
to form a tree structure.

FIGURE 1: SINGLE INHERITANCE FIGURE 2: MULTIPLE INHERITANCE

Student Wheel Rubber

Tyre

Student_Scholarship
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FIGURE 3: MULTI-LEVEL INHERITANCE FIGURE 4: HIERARCHICAL INHERITANCE
W
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. COHESION AND COUPLING

It refers to the internal stability of the design. It focused on data that is encapsulated within an object and how methods interact with data to provide limited
behavior. A class is cohesive only when its methods are highly used. Highly cohesive class are typical to split. It helps to identify the poor design of the class.
Cohesion is a measure of the functional strength of a module whereas the coupling between two modules is a measure of the degree of interdependence or
interaction between the two modules. Suppose a module having high cohesion and low coupling is said to be functionally independent of other modules. A
cohesive module performs a single task or function.

. POLYMORPHISM

It comes from Greek word; it has the ability to take multiple forms. In view of object-oriented concept, it uses operations in different ways, depending upon the
instance they are operating upon. It also allows objects with different internal structures to form a common interface. It is generally effective during implementa-
tion of inheritance. Example: Two classes circle and square have a method genArea(), In both classes methods are same for internal implementation, but the
calculation procedure is different of both classes.

. ENCAPSULATION

It is the process of binding both attributes and methods together within a class. Through this process, the internal details of a class are hidden for end user. The
class has methods that provide services to user interface by which the services provided by the class may be used.

From the above object oriented design principles, researcher identified the three most relevant object oriented design concepts used for minimization of object
oriented design defects. Inheritance cohesion and coupling are the basic OOD principles, which are used in, object oriented design.

RELATIONSHIP BETWEEN OOD CONSTRUCTS AND DESIGN DEFECTS

Design defects can be minimized by minimizing the no of defects (flow of defect in diagram). Research is focused on how design defects can be minimized using
the object oriented constructs while using the identified design defects. In [20], how OO design mechanism such as inheritance, polymorphism, information hiding
and coupling can influence quality characteristics like reliability or maintainability. The relationship between design constructs and design defects are shown in
figure 5, which are described as follows:

OOD CONSTRUCT AND ‘RIGIDITY’

00D constructs are required to change in class/module and class/module consist of methods and attributes. During development, if there are any changes re-

quired, it may come from attributes and methods, which are known as defect attributes and defect methods. As the software, design suggests that software can

be modified at any level without changes its behavior.

. If a design supports inheritance then all the methods and attributes are defined in parent class automatically available in its subclasses, as well as these sub
classes generate hierarchy of subclasses. If there is any changes required in methods and attributes, these changes are required in descendent classes also.
More influence of attributes and methods in depth make them more design defects. Therefore, with the increase of inheritance; ‘rigidity’ also increases [18].

. In case of cohesion, high cohesion suggested to improve the quality of an object-oriented design. High cohesion forms the sequence of modules where the
output of one module behaves as input to other modules. Therefore, the input depends on the output of the other modules through attributes and methods.
Hence, cohesion increases ‘rigidity’ of module decreases.

. In case of coupling, the degree of interdependence between modules increases and the parameters are exchanges between modules reflect the degree of
modules. The defects of the design are reflected during interchange of the data between modules. Classes and subclasses have several limitations. Tight
coupling introduces rigidity and makes further enhancements harder to implement which is undesirable in a software system of any size. If changes are made
in the parent, it can affect the functionality of the children [17]. Therefore, degree of coupling increase, change the ‘rigidity’ of the design.

OOD CONSTRUCT AND ‘FRAGILITY’

Fragility is the tendency of the software to break in many places with single change of modules. If there is, any changes occurred in one module and there is not

any relationship with other modules, which change the behavior of the module. Hence, fragility bad design changes the behavior of the Object Oriented Design

(OOD). Suppose a car system in changing the radio system affects the windows.

. In inheritance, methods and attributes are inherited in descendent classes and it is automatically accessible to the child class from the parent class due to its
transitive nature. This accessibility is increased level by level and if any changes required in methods and attributes which affect the unknown class. Therefore,
inheritance increases fragility also increases with the depth of the level [18].

. In case of cohesion, cohesion among defect attributes and methods cannot affect the connectionless classes. If there is any changes in one class, that can be
changed in attributes and methods of other class which are not cohesively related is known as fragile defects in design. Hence, with increase of cohesion
fragility is decreases.

. Coupling is directly related to sharing among software modules. More coupling increases the module more fragile. Fragile system is difficult to modify and
cannot deal with a changing environment.

OOD CONSTRUCT AND ‘IMMOBILITY’

It is the reverse of mobility. In an immobile software project, there are various parts of the system, which cannot be moved from one part to another part, because

there are too many dependencies. Immobile systems are very bad for reuse purposes. Everything is coupled tightly together and no small updates can be applied

to the system. There are only big modules with lots of dependencies.

. In case of inheritance, level of inheritance increases it is difficult to change in one method and attributes in base class. If there is any change in base class,
then derived class and its descendent class are also effective. It is difficult to use the module from parent class to child class, which increased the immobility
design [18].

. Strong class cohesion improved the quality of an OOD, when cohesion improves design defects are improved. In case of immobility, it is difficult to reuse the
function. Therefore, cohesion increase immobility also decreased.
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. It is found from various researchers that coupling enforces complexities in the code as well as in the design of the software. When coupling increase the
complexity of the code and design also increase. When design complexity increases it is difficult to reuse the design and the number of interdependence
modules are reduced. Hence, the immobility of the software decreases.

FIGURE 5: RELATIONSHIP BETWEEN DESIGN DEFECTS AND CONSTRUCTS

Design
Constructs INHERITANCE COHESION COUPLING
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OOD CONSTRUCT AND ‘NEEDLESS COMPLEXITY’

Unnecessary design increased the complexity of the software. Good software design is easy to reuse, easy to move, modify and usage of the design. In this section,

analyzes the object oriented design constructs with respect to the principle of bad design defects of ‘Needless Complexity’.

. In case of inheritance, unwanted level of inheritance increased the complexity of the design. Some future plan design increased the complexity of the design.
So, when level of inheritance increased, complexity of design also increased [18].

. From various studies, it is found that high cohesion in classes reduces the complexity of the design. Hence, cohesion assist to building object oriented design
simple and easy to use.

. Coupling is directly related to sharing data through software entities. More sharing of entities increase the complexity of the design. Hence, coupling between
classes increase the complexity of the design.

CONCLUSION

As the software industry grows, size and complexity of the software also grows with time. Today most of the software is based on object-oriented concept. At the
time of software development, various types of diagrams are implemented by using Class, Methods and Attributes. If these items are not properly deployed then
the defects are occurred in the software. These defects may be occurred at the time of development, after deployment or maintenance of the software. During
software design, OOD constructs are deployed during development of the software like (Inheritance, Cohesion, Coupling etc.). With the help of object oriented
concept and various researcher views in figure 5 identified the relationship between design constructs and design defects and found that when inheritance in-
creases all design defect are increased. But when cohesion increases, all the design defects are decreased. While in case of coupling, coupling increases all the
design defects are also increased. Therefore, when inheritance and coupling are increased, design defects are increased. Therefore, a methodology is required to
minimize the design defects of the software.
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