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Abstract

Several Object Oriented metrics have been proposed in the literature. These metrics aim
to measure the relationship between different classes and their methods. There are
different ways in which classes are connected. Different metrics use different models to
represent the relationship or connectivity pattern between the classes. In some cases, the
Object Oriented metrics obtain the same value of coupling for different components
having same models (i.e. same number of classes in a component) but different
connectivity patterns. This leads incorrectly considering the components to be same in
terms of coupling, even though their relationship or connectivity patterns clearly indicate
that the degree of coupling are different. We refer this problem as Inability to
Differentiate Anomaly (IDA). In this thesis we list and discuss Object- Oriented metric
like Coupling between Objects (CBO), Response for Class (RFC) and Depth Inheritance
Tree (DIT) in which the Inability to Differentiate Anomaly exists. We empirically study
the frequent occurrence of IDA problem when the considered metrics are applied to
different components with same class model. Finally, we propose a metric i.e. Coupling
based on Strength Specification Metric (CSSM) which gives the distinct coupling value
for components with same number of classes but different connectivity patterns. We
compared and contrasted CBO and CSSMcgo, RFC and CSSMggc, DIT and CSSMprand
quoted the differences very clearly. And finally we give normalized CSSM which lie
between the ranges 0 to 1 which classifies the components into three categories i.e.
complex, medium and low. Metrics based on the strength of coupling parameters is more
desirable because it exhibits a lower chance of incorrectly considering components to be

equally coupled when they have different connectivity patterns.
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Chapter 1

Introduction

1.1 Overview

Over a few decades, software systems are becoming more and more complex than before.
It may result in many problems if we use traditional software development approach in
the new situation. There are different problems like failure to meet quality, budget and
deadline requirements. It would never be possible to overcome such kind of problems by
developing the software products each time from scratch. CBSD is using the reusable
components for constructing the software systems, which is becoming an effective and
popular approach for software development [1]. Component based system provides
different advantages like reduced development cost, time, efforts and increase quality.
Large amount of standard components for a variety of functionalities must be available to
make component-based development feasible. Measuring and controlling the software
complexity is important phase of every software development. Component Based
Software system complexity is dependent on the complexity of the already existing
components. Coupling is defined as the strength of association which is developed by
building a connection between components. We consider different object oriented
coupling metrics which helps in measuring the coupling complexity of components.
These metrics provides an idea about which component will have less complexity and
which component will be easy to integrate with other component. The low level coupling
components are more preferable. Based on the different aspects many researchers have
proposed various types of object oriented coupling metrics like Coupling between Object
(CBO), Response for a Class (RFC), Depth Inheritance Tree (DIT), etc, but these metrics
does not consider the internal structure of the component (i.e. relation or connection
among classes in a component) due to which they give ambiguous results. In this project
we overcome the problem of ambiguous results of the existing coupling metrics like
CBO, RFC and DIT (i.e. which gives the same complexity value for different
components with same model) and give a unique result (i.e. which gives the different
complexity value for different components with same model). We get the unique results
of the components using the different connectivity patterns (i.e. UML relationships).

1



1.2 What is Component Based Software Engineering

For the development of software system, Component Based Software Engineering
(CBSE) is a modern approach. In CBSE the software system are developed by integrating
existing components. By using reusable software components CBSE focuses on the
construction and design of software system [2] [7]. The main focus of CBSE is to build a
software system by using the existing software components. It reduces the cost and time
development of the software system. In controlling and measuring the software
complexity CBSE provides the central problem. From the failure of OO development to
support the effective reuse the component based software engineering approach has been
emerged. Classes with single objects are too specifics and detailed. The components are
considered to be stand alone service provider and they are more abstract than object
classes. Due to the extensive use of components, the component based software
engineering is different from traditional waterfall approach [1]. In CBSE the special life
cycle phases are the component evaluation and component selection. But in CBSE many

efforts are required in verification and testing phases.

1.3 Software Complexity Metrics

The main objective of software development is controlling and measuring the software
complexity. There are many problem encountered to understand the complexity of the
software. It is difficult to define that what it means that a software to be complex. To
capture the different aspects of software complexity; software complexity has been
studied and lots of measures have been proposed. Different researchers give different

definition of software complexity, some are given below:

e |EEE defines the software complexity as “the degree to which a software component
or system has an implementation that is difficult to validate and verify” [4].

e Basili [5] [3] defined software complexity as calculating the expenditure of the
resources by a system while interacting with a piece of software system to perform a
task. The software complexity is defined in terms of execution storage and time
required when computer system is act as an interacting system. And the complexity of

software is defined by difficulty of performing different tasks like modifying,



debugging, testing or coding of the software program when we consider programmer
(human being) as an interacting system.
e Bill Curtis [6] proposed two types of software complexity:
a) Psychological Complexity: this complexity affects the performance of
programmers trying to modify or comprehend a program unit.
b) Algorithmic Complexity: It characterizes the run time performance of an

algorithm and it is also known as computational complexity.

Thus in literature there is no standard definition exists for software complexity of a
system. As different researchers have different views on software complexity that’s why
it is a multidimensional attribute of software system [5]. Quantifiable measure which is
used to measure the characteristics of software development process or system is known
as metrics. To check the quality of software which measure that whether the system

satisfies the requirement or not, we require a software complexity metrics.

1.4 Need of Study

The important objective during the development of software is controlling and measuring
the software complexity. The complexity of the component based system is dependent on
the complexity of the already existing components which are used in the development of
the software. Coupling is defined as the strength of association which is developed by
building a connection between components. The aspects like testability, portability, ease
of modification and reusability are affected by the complexity of the components. Thus
by using the software complexity metrics we are able to calculate the complexity of the
component before using that component in the system. There are several object- oriented
coupling metrics aim to measure the relationship between different classes and their
methods in a component. But the already existing object- oriented coupling metrics like
Coupling between Object (CBO), Response for a Class (RFC) and Depth in Inheritance
Tree (DIT) does not consider the relationships while measuring the complexity of the
component. It provides the same results for the different components with the same class
model (i.e. having equal number of classes) with different connectivity patterns. In this
thesis we proposed a coupling metrics which overcome the problem of already existing

object oriented coupling metrics. The proposed metrics consider the connectivity patterns



(i.e. UML relationships) between the classes with the help of which we are able to get the
unique results for the components with same class model and different connectivity

pattern.

1.5 Outline of the Thesis

This thesis has divided into seven chapters whose outlines are given below:

Chapter one describes the motivation for the thesis. It provides the overview of the thesis,
brief introduction of the component based software engineering and description of
software complexity metrics. It highlights the need of suitable metrics for measuring the
component complexity.

Chapter two is a study of CBSE, which provides an explanation of the Component Based
Software Engineering approach, its purposes, its terms and concepts, the process models
used for the component based software development, the UML relationships and some
guidelines for component developers.

Chapter three is a survey on component complexity metrics and interface ability issues,
which describes the need of appropriate complexity metrics for components. In this
chapter various component complexity metrics and coupling metrics have been discussed
with their limitation.

Chapter four provides the problem definition which is to be solved. It also describes the
research gap, objectives and the scope of the study.

Chapter five describes the proposed component complexity metrics used for measuring
component coupling complexity. This chapter provides the explanation of the proposed
metric, its theoretical evaluation, empirical evaluation of the proposed metric.

Chapter six describes the results and analysis of the proposed coupling metric.

Chapter seven discusses the conclusion and future work.



Chapter 2

Component Based Software Engineering

2.1. Introduction

Today software is heart of many organization systems. But software systems are
becoming more complex and larger than before. CBSE (Component Based Software
Engineering) is the process which uses reusable component to focuses on construction
and design of computer based system. This shifts the principle from programming
software to composing software system. This embodies the philosophy of “buy, don’t
build”. The CBSE is the process of building the software system for already existing
components. Thus it increases the quality and productivity and also reduces the
development cost and time [1].CBSE is similar to the concept of Object Oriented
Programming (OOP) [7]. In OOPS the different objects are connected together into the
program and act as the reusable entity. In the libraries of reusable code different objects
are stored. With the help of glue code the components are integrated into the system. A
component is an executable program or a function that is not taken as object. But for
development of components orientation technology is used. The objects are specified and
detailed whereas the components are considered as the standalone service provider. In
CBSE the selection, verification and testing phase of software life cycle requires more
efforts whereas the component evaluation and selection are the important phase of the life
cycle. Due to extensive use of components CBSE is different from the traditional

approach like waterfall approach etc.

2.1.1 Component

The components are used via interfaces, it offers the predefined events and able to
communicate with other components. A component is used for specific purpose and a self
contained unit for the component users [8]. Components are reuse via internet and reused
in other environment because the components are distributed as object code not within
the organization where it is developed but also outside the organization. The component

is developed for reuse in such a way so that it can be deployed or used in other



application with little or no modification. There are different definition given by different
researchers, some are given below.

“Components are software elements that conforms a component model and can be
independently composed and deploy without modifications according to a composition
standards.” [8]

By Councill and Heinmann

“Software component is defined as a unit of composition with contractually specified
interfaces and explicit context dependencies, which can be deployed independently and is

subject to composition by third party.” [8]
By Clement Szyperski

The components are brought from the components vendors so called Commercial-Off-
The-Shelf (COTS) [9] but the components can be developed in house also. In
development of new system the use of COTS are increasing. Getting the product to the
market fast and reducing the development time the using of COTS components is the best
way. To integrate the components of COTS the developer should have the good
knowledge of that component. Once the integration of component is done then the
conflict of components can be recover through component adaptation. It becomes

possible to integrate the components into the system when these conflicts are repaired.

2.1.2 Reusability

“Reusability is the process of creating software systems from existing software
components rather than building them from scratch [10].” Many different products for
reuse created during the software life cycle ranges from ideas and algorithms. Source
code is commonly reused, recently design and source code become popular with object
oriented class libraries, design patterns and frameworks. Reusability is a segment of
source code which can be used again and again with slightly new functionality or no
modification. By using the reusable component implementation time can be reduced.
Reuse of component will provides a faster development of application with high quality
and reduced cost. There are many cases where reuse leads to failure of software

component for example when a component is developed it is tested w.r.t. specific
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application but it may cause to failure in the new application. These problems may occur
because of lack of tools and methodology, lack of documentation, lack of reuse
experience etc. New models for software are emerging with the increase of reuse in
software system. The main focus was to provide a way to promote reuse with greater

degree of success in organizations.

2.1.3 Factors Affecting Reusability
Different factor that affects the reusability of the black box component are:

I.  Parameter Incompatibility
The exchange of data occurs between the components when the components are
integrated but sometimes it causes problems to exchange the data between components.
The components are from different vendors and the source code is not available in
component based software system. So in black box components the functionality of the
component is not predictable. With the help of customization interfaces it is possible to
modify the black box component which results in reducing the complexity. When the
return value of one component is passed as the argument of another component to
perform different function but there data types are different then this is known as
parameter incompatibility problem. It causes an error when the affected component
interacts with the other component functionality, which results in system hanging or
wrong output. This error can be reduced by using low coupled component or independent
component

ii.  Less Ease of Modification and Replacement
For maintenance purposes there is a need for replacing the component or do some
modifications in the already existing component, sometimes this may cause a problem.
The interaction with the replaced component may arise the requirement of modification
in the component. The components are less reusable if they are less modifiable or
replaceable. By using the components with less coupling or by using the independent
component we can solve the problem of modification and replacement.

iii.  Interface Complexity
The software quality attributes like testability, reusability are affected by the complexity,
so complexity is the important objective of software development. Complexity of the

software should be minimized and controlled. To make a component reusable interface

7



complexity should be taken into consideration. The component should have the low
coupling i.e. components have low outgoing and incoming interactions with the
components. Maintenance and integration efforts are minimized by reducing the interface
complexity. The components are easily integrated with other component if they have less
complex interface, to provide the functionality and made the component more reusable.
The interface complexity has been reduced by generating the components with less
number of outgoing and incoming interactions or by generating the independent
component. With the help of this the reusability of the component is increased.
iv.  Test Cases

As in the case of black box reuse the source code is not available so it is difficult to trust
the functionality of the reusable component. So to generate test cases and understand the
functionality of the component in that case is difficult. Reusability of the component is
affected by this. So the appropriate test cases are developed and proper testing reports are
provided to the consumers. The time, effort and cost for generating the test cases for the
component with low coupling or independent component can be reduced. Because this
will generate less number of test cases as there are low number of combination of inputs
and their results. Thus generating test cases are convenient for consumers as well as for

the developers.

2.2 CBSD Process Model

For assuring the efficiency of software development using CBSD approach several

process model have been developed. Some of them are discussed below:-

2.2.1 Somerville’s Process Model

A sequential approach has been provided by Somerville for component based software

development [11] [12]. There are six phases in this process model as shown in the figure

2.1.

)] Outline System Requirement: the requirements of the users are not developed in
detail they are developed in outline. As the number of components which are used

are might be limited if we use the specific requirements.



i) Identify Candidate Component: in this phase the complete summarize set of
specifications are used which help in identifying as many components as possible
for reuse.

i) Negotiate Requirements: in this the requirements are modified and refined in
order to act in accordance with components.

iv) Architectural Design: the architectural designs are developed in this phase.

V) The step 2 and step 3 may be repeated after system architecture design phase. For
incorporating compatible components the requirements can be negotiated.

Vi) Integration: finally to get the software system the selected components are

integrated.

Remirements Components Components

Identify Modify Requirements
Outline System H Candidate  leeigges]  According to Discovered

Identify Compose
Architectural Candidate Components to
Design Components Create System

Figure 2.1: The CBSD Process Model Proposed by Somerville [12]

2.2.2 The V- Process model

V model is an adaptation of building a software system from already existing components
using traditional waterfall model [11][13][14]. A V model defines a sequential process
which consists of following phases as shown in figure 2.2.

i) Requirement Analysis and Specification: In this phase the main concerned is with
specifying and analyzing requirements keeping in mind the available components
present in the pool. For making the use of already existing components the
requirements are negotiated, if possible.

i) System and Software Design: In this phase the component pool is available. The

components which selected during the first phase may be rejected if the already



available components do not fit in the design of the software system. From the
component pool the alternatives may be selected.

iii) Implementation and Unit Testing: Building a component from the connection of
component interfaces or direct integration is an ideal case for the development of
application. But in practice, in order to connect the component interface mismatches
some component wrappers or glue code need to be written. Some new functionality
need to be added by writing code for filling the gaps in component capabilities and
system requirements. Then these components are tested separately.

iv) System Integration: This phase is concerned with integration of standard
components which build an application components and component framework.

v) System Verification and Validation: Standard verification and testing techniques
are used here.

vi) Operation Support and Maintenance: New components may have been added or
already existing components may have been modified/ replaced in the system in
order to support the change in the requirements. The maintenance process consists of
modifying or deploying of new components, replacing the troubling components or

change in glue code which are used for integration of the components in the system.

Operation and maintenance
L

[ Requirements | Select test

& Component
System design System integration and deployment
component deployment

T

F

v
Select

»

"
[ Inspect I Inspect

Y, u | -
. L ' .-‘

| Component pool |

Figure 2.2: The V Process Model [14]
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2.2.3 The Y- Process model

The basic activities for the development of the software systems like design, analysis,

implementation, deployment, testing and maintenance are contained by the Y process

model [11] [12]. To support the component based software development some additional

activities are also introduced as shown in figure 2.3.

System analvsis -
- - Maintenance

Design Deployment

: :

|mp|umcnlu[inn|

Assembly

i $

. Sclection/ — Catalog/
~ | adapration Archiving storage

:

Frameworking -

:

Domain
engineering

lesting

Figure 2.3: The Y Process Model [11]

The additional activities which are introduced to support the CBSD are described below:

i)

i)

i)

Domain Engineering: this activity is concerned with the identification of the
components which are potentially reusable for a particular domain.

Frame Working: to produce software in a particular application domain a
template or a skeleton is used which is known as framework. For a particular
domain the framework captures the semantic relationship between the
components. The objective of this phase is to reuse the already existing
components and further classify them to form a new framework.

Assembling: this phase is concerned for the development of the software
application by composing the already existing reusable components.

Archiving: this phase is concerned with archiving the components which are
developed for a particular domain for future use in associated applications.

11



Archiving involves different activities such as component storage and

cataloguing.

2.3 Coupling

The high quality design of the software system obeys the principle of low level coupling
between modules, among many different principles. Coupling is defined as the strength
of association which is developed by building a connection between modules. Therefore
if there is strong coupling between the modules then there is more difficulty in changing,
understanding and maintaining the modules and thus it results the software system to be
more complex. The separation of the software system into subsystem is done for the
software reuse while for the development of the software system the integration of the
subsystems is done. It seems hard to achieve the software reuse and efficient software
development on the same time. Higher coupling between the packages result into the
lower reusability of the packages because it is difficult to separate the highly coupled
packages. It is difficult to maintain the system if it is highly coupled (i.e. make the system

complex).

2.3.1 Types of Coupling

To measure the interdependence among different modules Myers, Glenford J [15] defined
six different coupling:

1. Data Coupling: if the data is passed through array or scalar parameters between two
modules then they are data coupled.

2. Stamp Coupling: If data is passed through parameter i.e. record among two modules
are known as stamp coupled. As compare to data coupling the stamp coupling are worse
because all modules are affected if the records are changed.

3. Control Coupling: if one module passes the flag value to the other module which is
used to control the internal logic.

4. External Coupling: if two modules communicate with each other through external
medium then they are known as external coupling.

5. Common Coupling: if two modules refer to the same global data then the modules are

common coupled.

12



6. Content Coupling: if the two modules change and access the internal procedural and
data state then they are known as content coupled.

No coupling is known as the “zeroth level coupling” by Offutt et al. [16]. It is considered
that if the two modules are coupled using more than one coupling level then the modules
is coupled at the highest level.

The notion of tramp coupling is introduced by Page-Jones [17], which is the flow of data
through many modules. The flow is from the module to module i.e. where the data are
defined and where they are used. It is differ from the other coupling level as instead of

just two modules it measures the coupling among different modules.

2.3.2 Principles of Coupling

There are different principles [18] of coupling:

1) The dependency structure of a component which is released must be directed acyclic
graph and should not contain any cycle. This principle is known as Acyclic
Dependencies Principles.

2) In adesign of the components dependency should be in the direction of stability. One
component should only be dependent upon another component which is more stable
then the first one. This principle is also known as Stable Dependencies Principle.

3) Third principle is the Stable Abstraction Principle, in this principle abstraction of a
package and the stability should be proportional to each other. Those packages which
are maximum stable should be maximum abstract. The packages are concrete if they
are instable.

2.4 UML Relationships

In object oriented design very few classes are stand alone. Relatively large number of
classes combines with other classes. The relations are also modeled while modeling
object oriented design based on how classes are collaborated to each other. In object
oriented modeling according to Booch et al. [19] there are three types of relationships
among classes. These relationships are named as association, dependency and inheritance
relationships. The structural relationships among the objects are shown by association
relationship. The dependency relationship represents the using relationship between the

13



classes. And the inheritance relationship connects the base class (i.e. generalized class) to
their derived class (i.e. specialized class).

1) Association Relationship

It shows the structural relationship between the classes. By playing some kind of roles the
classes are collaborated to each other in the association relationship. It is also have a kind
of has-a relationship. The association relationship is further divided into two types that
are aggregation relationship and composition relationship.

i) Dependency Relationship

It is a using relationship. When one class uses the functionality of other class, it comes
between the classes in UML. In Object Oriented implementation, one class can use the
functionality of other classes in different manners. First one is as parameter dependency;
in this one class uses the object of other class as a parameter in its method. By looking at
class declaration it can be located. Second is Return parameter dependency; in this the
object of the class is used as the return parameter of the other class. By going through the
method implementation we can identify this type of dependency. Third is the Local
Variable dependency which is defined as the object of one class is used in the method of
other class as its local variable. It can also be identified by going through the method
implementation.

iii) Inheritance Relationship

Generalization is known as is-kind of relationship. Generalization for most of the time is
used between the interfaces and the classes to show the relationship of inheritance. This
type of relationship exists between the base classes’ i.e. general kind of classes and their
derived classes’ i.e. specific kind of classes. The specific classes also referred to as the
child classes or sub classes and the generalized class is known as the parent class of the
child class. The significance of generalization or inheritance relationship has been
reported by Dirk. He emphasized the object oriented metrics like coupling and cohesion
should be studied by considering the effects produced by the generalization or
inheritance. This relationship can also be created between the packages.
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2.5 Guidelines for Component Developers

To generate the more reusable component, the developer should consider the following
points [20]:

i)

Vi)

The components which are develop for the reuse should be generated as a
component with less dependency on another component to increase
maintainability and reduce the integration efforts.

Generalization of components should be done as specific problem takes more
efforts to solve than that of general problem.

The source code should be provided so that it is easy to understand the semantics
of the components by the application developers.

As the components are used in different environment so the appropriate test cases
should be provided to the user to check that the component is suitable for that
environment.

Documentation is very important in the reuse; the new user does not have the
accurate knowledge of the component in order to use the component with the new
requirements. So unambiguous and appropriate documentation having all features
should be provided by the developers. Document contains all the properties like
resource consumption, robustness, functionality, performance etc.

The components should be certified for its quality, the reuse of already exist
component by the user require some faith that the component they are using is

reliable and suitable as they are documented.
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Chapter 3

Literature Survey

3.1 Introduction

During software development paradigm controlling and measuring the software
complexity is an important aspect. The complexity of software affects different attributes
like maintainability and testability etc [5]. Researchers proposed different complexity
metrics to measure the coupling between the classes and components. CBSD is becoming
the trend for developing the software system. Component Based Software Development
is based on developing the software system by integrating the prefabricated components
from the repository. The quality of complete system is depending upon the complexity of
the integrated components. Metrics play an important role in quality assurance specially
in deciding whether they should be used or not and in acquisition of components. It
should provide the information for deciding whether the reuse of component is sensible
or not. In this chapter the various components and coupling complexity metrics have been

discussed with their limitations and their proposed solution.

3.2 Study of Various Existing Complexity Metrics

As the complexity of the component affects the different attributes of the software like
maintainability, testability etc. so it is important to measure and control the complexity of
the software development paradigm. Researchers proposed different metrics but most of
them are based on the source code of the software. CBSD is the approach of developing
the software by integrating the already existing components. The quality of the new
developed system is based on the complexity of the composition of already existing
components. So in CBSD the evaluation of complexity is the critical activity of the
component. So the suitable metrics are used for the evaluation of the components. In
assuring the quality especially in acquisition of components metrics play an important
role. It decides whether to use a particular component or not. To decide whether the reuse
is sensible or not metric should play an important role. Different metrics are discussed for

measuring the component complexity.
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3.2.1 Traditional Metrics
To measure the complexity of components in 1970’s the traditional software complexity
is used. Developers consider Lines of Code, McCabe’s Cyclomatic complexity,
Halstead’s complexity, and Henry’s & Kafura’s fan-in and fan-out metrics as traditional
metrics [21]. Brief description of traditional metrics is given below:
)} McCabe Cyclomatic Complexity Metrics
It is based on program graph and defined as

V (G) =e-n+2p

Where:
e represents number of edges in the graph,
n represents number of nodes in the graph and
p represents number of connected nodes in the graph.
i) Halstead’s Complexity Metrics
It is used to estimate the programming efforts. By evaluating the number of operands and
operators it measures the complexity of the component. The countable properties are:
nl & n2 are numbers of distinct operator and operands respectively and N1 & N2 are
usage of all operators and operands in the component implementation. The length of
implementation of the program is defined as:
N =N1+ N2
The volume of the program is defined as

V =N log; (n)
The effort is defined as:
E=D*V
The difficulty D of the implementation of the program is defined as:
D=(n1*N2)/(2*n2)

iii) Lines of Code (LOC) Complexity Metrics
Lines of Code is used to estimate the size, it is based on the size of methods. This metrics

measure the statement, comments or physical lines.
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iv) Henry’s and Kafura’s Complexity Metrics
Henry’s and Kafura’s proposed a complexity metrics on the basis of the flow of
information.

Complexity = (Proc. Length) * (fan in * fan out)
Where Length is Line of Code or McCabe Cyclomatic Complexity
Traditional software complexity is not sufficient of measuring component complexity as
measuring of component complexity is based on source code which is not available in

case of black box components.

3.2.2 Object Oriented Metrics

Different metrics for object oriented systems [22] are discussed below:

)] Weighted Methods per Class (WMC)

Weighted Methods per Class is used to measure the complexity by counting the number
of methods in a class. It is implemented within the class and measured by cyclomatic
complexity. It is difficult to measure the complexity of component by counting all the
method due to inheritance. How much effort and time is required to maintain and develop
the class is dependent on the complexity of the class and the number of methods. As all
the methods are inherited by the children in the derived class, so it have greater impact on
the children as it have larger number of methods in a class. As the value of complexity
metrics increases the understandability decreases and testing efforts increases.

i) Response for a Class (RFC)

Response for a Class is used to calculate the component complexity by counting the sets
of method invoked by the object of the class. Response for a Class includes methods
which are assessable within the class hierarchy. The calculation is done on the basis of
the amount of communication with other class or by the number of methods in the class.
The complexity of the class is greater if the methods invoked in the class through
messages are greater.

iii) Lack of Cohesion (LCOM)

Lack of Cohesion (LCOM) measures the complexity of the class by measuring the
dissimilarity of methods in a class. It measures the dissimilarity by the different attributes

or instance in a class. If a class is highly cohesive than that class should be stand alone.
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We get high cohesion and high simplicity by increasing the cohesion. Single class with
low cohesion is subdivided into different classes with more cohesion.

iv) Coupling between Object Classes (CBO)

Coupling between Object Classes (CBO) measures the complexity of the class by
counting the number of class coupled with other class. It calculates complexity by
counting the number of non inheritance class hierarchies which depends on another class.
If there is excessive coupling between the classes then it prevents reuse. To reuse the
class the class should be less dependent on other class. If the classes are highly coupled
then it is difficult to do modifications in the class and therefore maintenance of the class
is difficult. If the classes are strongly coupled then it becomes difficult to understand the
class. To reduce the complexity between the classes it is necessary to reduce the
coupling, which promotes encapsulation and improves modularity.

V) Depth of Inheritance (DIT)

The maximum number of steps from root node of the class to the end is the depth of the
class with the hierarchy of inheritance. The depth of class is measured by the number of
ancestors in the classes. If the depth of the class is greater in the hierarchy i.e. contains
maximum number of methods make it more complex to predict its behavior. Design
complexity becomes greater if the depth of the tree is greater. More the classes and
methods greater the potential for reuse of the class and methods. The number of methods
and class inherited are the support metrics for the depth of inheritance.

vi) Number of Children (NOC)

To measure the complexity of the class the number of children in the class is counted. In
a hierarchy the number of subclasses in a class is the number of children. On the system
or design the number of children is the indicator of potential influence. Greater number of
children causes misuse of sub classing and also the improper abstraction of the parent
class. Also if we have greater number of children in the class then we have greater reuse,
inheritance is a form of reuse. It requires more testing of the methods of the class if we

have large number of children and it also increase testing time.

3.2.3 Component Complexity Metrics
For determining the component complexity many researchers have proposed various

metrics, some of them are discussed below:
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a) Tullio. Vernazza et.al extended the Chidamber & Kemerer Metrics [23]. The
definition of new metrics which were proposed corresponding to each CK metric
have been given below:

1) Extensions for DIT

To identify the classes the high value of DIT is used that are hard to maintain. The
value of DIT indicates the effort in maintaining a group of classes. But the highest
value of DIT (MAXDIT) and the mean of DIT of unrelated trees (MUT) are
considered by the extended metric. MAXDIT is defined as:

MAXDIT = max {DIT(Ci)}
Ci€k
Where
k consists of m classes in a component and DIT (Ci) value of i class which belongs
to component k. The mean values of MAXDIT for each class hierarchies are the
mean of DIT of unrelated trees. Assume that k is partitioned in r unrelated
components U .... Uy with:
T Ui=k

Ui and Uj never share any super class when i and j are different. Thus MUT is
defined as below:

MUT = ¥7_, MAXDIT (Ui)

i) External Coupling between Objects (EXTCBO)

It is an extension of CBO. The level of coupling for a component is measured by
EXTCBO. The number of external classes is given by it which is coupled to the
component. It is defined as:

EXTCBO =Y, ei

Where

m is the number of classes in a component and e; is the external classes coupled to the
class Ci.

iii) Response Set for a Component (RFCOM)

It is an extension of RFC (i.e. Response for a Class). It gives the number of methods

called by the member classes and the number of methods in that classes. High value
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of RFCOM gives high complexity of the component. It is the sum of values of RFC
for all classes and is defined as:

RFCOM = ¥ RFC (Ci)
where

m number of classes in a component and RFC (Ci) value of Response for a Class Ci.

b) Different component metrics were proposed by Cho et al. to measure the complexity,

reusability, customizability. These metrics can be used to measure the characteristics
of the components [22]. Cyclomatic complexity combined with new component
complexity metrics to calculate the complexity of the component. CBSE has been
largely focused on component modeling, methodology, architecture and platform. As
the demand of component increasing in market, it becomes important to plan metrics
to determine the quality of various components. The new Component Complexity
Metric is defining into four types of complexity metrics: Component Plain
Complexity (CPC), Component Static Complexity (CSC), Component Dynamic
Complexity (CDC), and Component Cyclomatic Complexity (CCC). The line of code
are good for measuring the reusability but function points are not suitable for
measuring both the complexity and the reusability, as function points are not suitable
for component based software development.

Washizaki et al.’s proposed a software metrics for measuring the reusability of Black-
Box Components [24]. Measuring the reusability of component is necessary in
component-based software development in order to reuse the components effectively
but due to unavailability of source code it is difficult. The set of metrics were defined
which were compliant to Java Beans Component model to measure the reusability
property of black box components. Different metrics were defined to measure the
attributes of the component which contributes into the reusability of the component,
they are: existence of Meta information, customizability, observability and external
dependency. Different proposed metrics set includes: Existence of Meta-Information
(EMI), Rate of Component Observability (RCO), Rate of component Customizability
(RCC), Self-Completeness of Component’s Return Value (SCCr), Self-Completeness
of Component’s Parameter (SCCp) and Component Overall Reusability (COR). RCO

and RCC have very strong positive relation with each other. Similarly SCCr and
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SCCp were positively correlated with each other. This concludes that the metrics
proposed here was used to measure the reusability of the component. The analysis
tool accept only JavaBeans component, it will be extended to accept other
components also.

d) Boxall defined different interface metrics are developed which shows that proper
measurement of component interfaces can provide relevant information for the
reusability of the component [25]. As Component interface metrics increases our
understanding of the reusability of the components. As different source of
information which are relevant for reuse is not available as that tends to be black box
component. There automation provides more accurate and efficiency of the
reusability of the component. The different metrics brought a reusability analysis of
component which was consistent with expert knowledge. It considers that interface
metrics may be able to be used for reusability of components with which the metrics

is unfamiliar. These metrics help in quantifying the reusability of the component.

3.2 Interface ability Issues

Stevens et al. [26] defined coupling “the measure of the strength of association
established by a connection from one module to another.” The classes which are highly
coupled are not desired as they are considered as bad design. The complexity of the
classes increases as the coupling degree increases which results the module to be
dependent on the external classes. Coupling measure is a very interesting and rich part of
research work, which results in many approaches like dynamic coupling measures,
coupling metrics for knowledge based systems, structural coupling metrics, information
entropy coupling measure approach, logical and evolutionary coupling, etc. There are
different structural coupling metrics which received significant attention in the literature.
CBO (Coupling between Objects) and CBO; were defined by Chidamber and Kemerer
[27] as method of one object using instance variables or methods of another object. Due
to inheritance CBO metric excluded coupling. Several metrics were empirically validated
and were useful for predicting fault-prone classes. Other structural metrics are RFC
(Response for Class) and RFCo, COF (Coupling Factor), DAC (Data Abstraction
Coupling), Ce (Efferent Coupling), ICP( Information-flow-based Coupling). Coupling
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measures listed above are based on attribute references and method invocations. Briand et

al.

[28] defined the suite of measures like IFCAIC, FCAEC, OCAIC, ACAIC; etc

captures different types of interactions like class- method, method- method, and class-

attribute interactions.

a)

b)

d)

Hitz and Montazeri [29] proposed different types of coupling, they were class and
object level coupling. These were determined by state of object’s implementation like
class interface at a given time in software development cycle and also by state of
object i.e. value of its attributes at runtime. State dependencies between class’s results
in Class Level Coupling (CLC) in the system while state dependencies between
objects at runtime of a system results in the Object Level Coupling (OLC). Class
Level Coupling Also determined by static analysis of source code. OLC is important
when considering change dependency and maintenance. CLC depends on object
structure which is determined by input data; therefore it is input data and source code
at runtime. CLC is relevant for debugging and testing.
Li and Henry [30] discussed class coupling in terms of Message Passing Coupling
(MPC) and Data Abstraction Coupling (DAC). He identifies different metrics to
predict the maintainability of the system design.
)] MPC is measured as the number of method invocations in a class.
i) DAC is defined as the number of attributes in a class that have another class
as their type.
R.Harrison et al [31] discussed two coupling metrics: the Coupling between Object
and the NAS metric. NAS metric developed using the GQM (Goal Question Metric)
approach. There is a strong relationship between the NAS and CBO metrics. It
implies that only one of them is needed to access the level of coupling at design time.
NAS metric is easily available at design time and easy to interpret to predict early
coupling. There is no relationship found between the understandability of the systems
and the class coupling.
To measure the quality of an OO design R.Martin proposed two coupling metrics [32]
that are Afferent Coupling (Ca) and Efferent Coupling (Ce). It calculates in terms of

interdependency between the subsystems.
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i)  Afferent Couplings (Ca): The other packages that depend upon different classes
within the package are an indicator of the responsibility of the package.

i)  Efferent Couplings (Ce): The number of different packages that the number of
different classes in the package depends upon is an indicator of the independence
of the packages.

He does not specify the dependencies between the classes exactly. To predict the
modification effort, new coupling measures were developed in the context of amount
of modification of code need to extend the functionality of components and in the
context of time required. There are already metrics available for the modification
efforts they are CBO, RFC, DAC, MPC, and COF. Using these static metrics, they
show significant relation with reuse effort. But also there are some limitations that
metrics fell short of their performance and perfect ranking which was not consistent
for different components.
Haun Li [33] proposed a new metric known as global coupling metric. There exist
different metrics but they have some limitations. There are 2 aspects in which the
proposed metric is differing from existing metrics:
i)  Itreflects the indirect coupling between the classes.
i) It takes into consideration the strength that one class is dependent on another
class.
In this global metrics it reveals the indirect and direct coupling interaction. A
representative object oriented software system has been compared and analyzed with
an existent CBO metric. The overall result shows that global metrics reveals
interaction relation more precisely and deeply than CBO metric. It require to keep the
strength of global coupling metrics small, as small value of it shows that the
measured class is apt to be debugged and changed. Even there is large acceptance of
object oriented programming, but some programmers does not have a good grip on
the intimate mechanism and the design principles of object orientation which results
in a poor designed system. To measure the design performance of the system

coupling is the most vibrant quality attribute.
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Chapter 4

Problem Statement

4.1 Research Gap

In Object Oriented Metrics, there are certain metrics those define different aspects of
coupling. These are Coupling between Objects (CBO), Response for a Class (RFC) and
Depth Inheritance Tree (DIT). But ambiguity arises where we take into account the same
models i.e. the component with same number of classes. These metrics give same value
or result when applied on same number of classes in a components. That is these metrics
only consider number of classes in collaboration but do not specify type of connectivity
or coupling among them. So, it underestimates the significance of interconnection i.e.

number of relationships and type of relationships.

4.2 Problem Definition

Coupling is defined as the strength of association which is developed by building a
connection between classes. Several object- oriented coupling metrics aim to measure the
relationship between different classes and their methods. There are different ways in
which classes are connected. These class connectivity patterns give the structural view
how the classes are linked and connected. Object oriented metrics like Coupling between
Objects (CBO), Response for a Class (RFC) and Depth of Inheritance Tree (DIT) are
some of the metrics that are applicable to classes. These metrics measure various aspects
considering relationship between classes, methods and inheritance etc. These metrics
obtain their value solely depending upon number of classes under consideration. There
can exist two models with same number of classes in them which mean the two models
are same. But instead of having equal number of classes in them, these models can be
identified as distinct on the basis of their linkages as one model has more connectivity or
coupling among classes than the other model. It means same models with different
number of connections or link patterns obtain the same value of CBO, RFC and DIT but
the connectivity pattern clearly indicate that the degree of coupling are different. Object
oriented coupling metrics like CBO, RFC and DIT do not take into consideration the

relationship among classes and ignores underlying coupling complexity. This anomaly
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shows the inadequacy of above metrics in differentiating the same class models w.r.t the
coupling or connectivity patterns. The underlying problem is referred to as Inability to
Differentiate Anomaly (IDA).

4.3 Objectives

i The detailed study of Component Based Software Engineering (CBSE), various
terms and concepts of CBSE, Software Complexity Metrics and UML
relationships.

ii. Identification of problematic software metrics w.r.t their connectivity patterns.

iii. Analysis of different connectivity patterns among classes in components.

iv. Proposal of coupling complexity metrics for components.
V. Empirical evaluation and validation of the proposed metrics.
4.4 Scope

Coupling based on Strength Specification (CSSM) metric find its scope in industry. It is
useful in visualizing the software for better designing, coding and reusing. It also gave a
quantifiable measure that can be used to understand object oriented software in terms of
numbers and types of interconnection and interrelationships. Using this metric, software

industry those are using Object Oriented system can deliver qualified designs and code.
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Chapter 5
The Proposed Metric:
Coupling based on Strength Specification (CSSM)

5.1 Introduction

A major factor that affects the component complexity is coupling. It refers to the
interdependency between the components in a software system. The coupling has been
correlated with important quality attributes like robustness, maintainability and
reusability [4]. To understand the system, coupling metrics proves to be an aid in
understanding system by tester, developer and maintainer. To evaluate the influence of
changes in components, to identify the critical components and to support the future
evolution of the component based software system while adding, removing or modifying
some components. Component complexity is an essential metrics to be considered at the
specification phase the complex and large systems are evaluated to avoid poor interaction
in the components of the software system. Also the faults and failure of a component
which leads to a failure of complete system can be evaluated using coupling metrics. In
this chapter a coupling complexity metric based on strength specification has been
proposed. The foundation of the coupling metrics is basically built upon the proposed
metric which is capable of evaluating the system, based on same class models. It
effectively gives unique results in measuring coupling strength of two or more

components having same class model.

5.2 Problem in Already Existing Object Oriented Metrics.

The components under consideration are the components which are collection of classes
and their relationships. The important object oriented metric suites are given by
Chidamber and Kemerer (CK) [34], Briand, Hitz and Montazeri [29], MOOD Metric.

A) Relationships between Classes

Here in Chidamber and Kemerer (CK) Metrics the main metrics those are qualified for
giving actual picture of classes and their relationship are; Coupling between Objects
(CBO), Depth Inheritance Tree (DIT) and Response for a Class (RFC). These metrics
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directly or indirectly define coupling or give the degree of strength with which the classes
or components are glued. But, these are unable to define the strength of coupling on the
basis of:

i.  Number of Relationships or Connections

ii.  Type of Relationships or Connections
In object oriented systems, there exist certain relationships between classes like
aggregation, composition, dependency, generalization, etc. These relationships specify
particular kind of design constraint on the collection of classes or components. These
design constraint on relationships can be taken into consideration to define the strength
with which the classes are glued. And also, the different kind of relationships depicts how
strongly and loosely the classes are joined or coupled together.
B) Same Class Models
If two components are having same number of classes then they are defined as same class
model. The two different components lying under the same model can be categorized on
the basis of coupling strength or glueness. Now in case of object oriented metric the
Coupling between Objects (CBO), Depth Inheritance Tree (DIT) and Response for a
Class (RFC) are enable to give an accurate picture of the relationship or the coupling
between the classes.
C) Inability to Differentiate: Anomaly in Existing Object Oriented Metrics
Inability to Differentiate Anomaly is defined as “the same models with different number
of connections or link patterns attain the same value of Object Oriented Metrics like
Coupling between Objects (CBO), Depth Inheritance Tree (DIT) and Response for a
Class (RFC).”
Table 5.1 defines Coupling Metrics: Coupling between Objects (CBO), Depth Inheritance
Tree (DIT) and Response for a Class (RFC). These metrics are considered to showcase an

anomaly (i.e. the Inability to Differentiate Anomaly).
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Table 5.1: Definition of Object Oriented Coupling Metrics

Metrics Description

Coupling Between | Coupling between objects (CBO) is a count of the
Objects number of classes that are coupled to a particular class
i.e. where the methods of one class call the methods or
access the variables of the other. CBO was defined by
Chidamber & Kemerer [34].

Response for a | Response for a Class (RFC) [35] is defined as the set of

Class methods that can potentially be executed in response to a
message received by an object of that class. All the
methods in the class and all the methods that are called
by methods in that class.

Depth of | Depth Inheritance Tree (DIT) is defined [36] as the count

Inheritance Tree of the classes that a particular class inherits from. It
counts the level of subclasses affecting a class. When the
class in the hierarchy is deeper then there are more

variable and methods to inherit and make them more

complex to inherit.

Elaboration of Problem in Coupling between Objects (CBO):
The definition of the CBO [34] for a class is the count of the number of other classes to
which a class is coupled. The classes which are directly connected are only counted while
calculating the metrics. Even if the reference operates in both directions, each class is
counted only once. For three reasons the value of CBO should be as low as possible:
a) The dependency between the classes increases the coupling which makes the code
less suitable and modular for reuse.
b) The code becomes more difficult to maintain when there is high level of coupling;
since an alteration to code in one area affects the code in another linked area.
c) The more the connection between the classes the more complex the code and

more difficult to test.
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Figure 5.1 show two components having the same class model. The rectangle box in
figure represents the classes, circle represents the methods and line shows the link
between the classes. Following are the underlying perspective problematic cases in
Coupling between Objects (CBO). Steps followed to identify problem in CBO:

Step 1: Classification: Consider two components with same class model (i.e. having
same number of classes) as shown in figure 5.1. Here we have same class model
but number of interconnection are different in Case | and Case Il. Case | has
connection between C & D and B & E but Case 11 do not have, yet they are same
class model.

Step 2: Application of CBO Metrics: Now apply the CBO Metrics on both components.
We get the same results for both the components; which shows that both the
components are equally coupled.

CBO for Case | CBO for Case Il
2 2

Step 3: Problem Identification: But these models can be identified as distinct on the
basis of their linkages as one model (i.e. Case I) has more connectivity among
classes than the other model (i.e. Case Il).

Class A Class A

Class B Class C Class B Class C

Class D Class E Class D Class E

Casel Case IT

Figure 5.1: Cases for CBO Metrics
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Thus Case I is more coupled then Case Il. It means that same class models with different
number and type of interconnection obtain same value of metrics but the connectivity
patterns clearly indicate that the degrees of coupling are different. The underlying
problem is termed as the Inability to Differentiate Anomaly for CBO.

ii.  Elaboration of Problem in Response for a Class (RFC):
Through the amount of communication with other classes and number of methods the
RFC [35] looks at the complexity of a class. It can be represented as:-
RS={M} U aii{Ri}
where
{Ri} is the set of methods called by method i and {M} is the set of methods in the class.
Figure 5.2 show two components with the same class model. The rectangle box
represents the classes, circle represents the methods and line shows the link between the
classes. Following are the underlying perspective problematic cases in Response for a
Class (RFC). Steps followed to identify problem in RFC:
Step 1: Classification: Consider two components with same class model (i.e. having
same number of classes).
Step 2: Application of RFC Metrics: Now calculate the complexity of the two

components using the RFC. It gives the same result for both the components.

RFC for Case | RFC for Case Il
4 4

Step 3: Problem Identification: But these models can be identified as distinct on the
basis of their linkages as one model (i.e. Case I) has connectivity between
methods where as in the second component (i.e. Case Il) the connectivity is
between the classes (i.e. by passing the complete class like composition which

show more coupling between classes).
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Class A Class A

00 0000

O O O O

Class B Class C Class B Class C

Casel Casell

Figure 5.2: Cases for RFC Metrics

Thus Case Il is more coupled then Case I. If we obtain the same coupling value for same
class model but with different linkages or connectivity patterns, then such cases are

referred to as Inability to Differentiate Anomaly for RFC.

iii.  Elaboration of Problem in Depth Inheritance Tree (DIT):

DIT is defined [36] as the maximum inheritance from the class to the root class. It counts

the level of subclasses affecting a class. When the class in the hierarchy is deeper then

there are more variable and methods to inherit and make them more complex to inherit.

The tool to manage the complexity of the classes is inheritance. Because of method

inheritance deep trees promote reuse. Following are the underlying perspective

problematic cases in Depth Inheritance Tree (DIT). Steps followed to identify problem in

DIT:

Step 1: Classification: Consider two components with same class model (i.e. having
same number of classes) as shown in figure 5.3.

Step 2: Application of DIT Metrics: Now calculate the complexity of the two
components using the DIT. It gives the same result for both the component from
Class A.

DIT for Case | DIT for Case Il
2 2
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Step 3: Problem Identification: These models can be identified as distinct on the basis
of their connectivity patterns. In the figure 5.3 it is clear that Case | i.e. first

component is more coupled then the Case Il i.e. second component.

Class A Class A

Class B Class C Class B Class C

Class D Class E Class F Class D Class E Class F

Casel Case Il

Figure 5.3: Cases for DIT Metrics.

Thus Case | is more coupled then Case Il. If we obtain the same coupling value for same
class model but different connectivity pattern, such cases are referred to as Inability to

Differentiate Anomaly for DIT.

5.3 Evaluating and Ranking UML Relationship according to Degree of
Coupling.
Firstly we have ranked all different kind of existing coupling like local variable,

parameter type, etc. on the basis of the strength or degree of coupling. Coupling at the
granular level in a program code can be identified on the following parameters:

I. local variables existing in the class,
ii. parameter passed in the method,

iii. the type of data return,

iv. the class inheritance,
V. global variable,
Vi. composition class defined in another class having life dependency,
Vil. aggregation class is defined under another class without any life dependency.
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These coupling relationships among classes can easily be shown with the help of UML
relationships e.g. generalization, composition, dependency, aggregation, etc. Secondly

weights are assigned according to the ranks based on coupling strength.

5.3.1 Evaluation of Ranks w.r.t Strength of Coupling

We have considered different UML connectivity patterns. We define all the patterns in a

ranking order i.e. from best case to worst case. It means that the local variable

dependency is the best coupling (show low level of coupling) whereas the composition is

the worst coupling (show high level of coupling). They are discussed below:

1) Local Variable

Local variable coupling type is defined as the method of one class uses the object of other

class as its local variable [37]. By going through the method implementation we can

identify this type of dependency.

Table 5.2: Operation on X has Local Variable of Type Y
X:: method Y() { Class Y {

Y LocalVarTypeY; | ...

Evaluation of Strength of Coupling in Local Variable:
This Local variable coupling is lowest coupling, as here only local variables are accessed

from one module to another.

Strength of Coupling in Local Variable 0.05

2) Parameter Type

It also comes under the UML dependency relationship. In this type of coupling a class
uses an object of other class as a parameter in one of its member method. By looking at
class declaration parameter dependency can be located [37]. In this parameter type

coupling we can pass the complete class or member as a parameter to another class.
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Table 5.3: Operation on X has Parameter of Type Y
Class X { Class Y {

public; inty

void method_X('Y param); // case m (weight 0.15) | method_y();
void method_X( y); // case n (weight 0.10)
void method();

}

Evaluation of Strength of Coupling in Parameter Dependency:
In the given figure the parameter are pass between the classes as the complete class (i.e.
case m) or as a member (i.e. case n). By simply looking to the class declaration we can

locate the parameter dependency. Thus this is less coupled then the return type

dependency.

Strength  of Coupling in Parameter 0.10
Dependency  (Passes  Variable  as

Parameter)

Strength of Coupling in Parameter 0.15

Dependency (Passes Object as Parameter)

3) Return Type
This type of dependency is defined as the method of one class uses the object of other
class as a return parameter [37]. By going through the method implementation we can
identify this type of dependency. As shown in figure method of class A uses the variable
of class B in its implementation. In this the method of class A i.e. method_A returns the
object of class B. In this we have three different cases i.e. case i, j, k which represents the
return of object, variable and data structure respectively.

Table 5.4: Return Type Dependency
Class A class B

{ {
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B b;
public:

int method_A\(); // case j (weight 0.35)

}
class A :: method_A()

{
b.method_B();

return B;

}

class B method_A(); // case | (weight 0.50)

int[] method_A(); // case k (weight 0.25)

method_B();

Evaluation of Strength of Coupling in Return Type Dependency:

The method of one class uses the object of other class as a return type. We can identify

this type of dependency by method implementation; means it is more coupled than the

other dependency relationship like parameter type, local variable relationship etc. and it is

less coupled then the global variable relationship.

Strength of Coupling in Return Type 0.25
Dependency (Passes Variable as Return

Type)

Strength of Coupling in Return Type 0.35
Dependency (Passes Data Structure as

Return Type)

Strength of Coupling in Return Type 0.50

Dependency (Passes Object as Return

Type)

4) Global Variable

This type of coupling comes under the dependency relationship. It uses a “using

relationship” [38]. It comes when one class uses the functionality of other class through
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instances. It is also known as non-local, common and shared coupling. It refers to the
variable which is defined in one class and is used in other class. In the modern object
oriented languages the global coupling is affected by the access specifier.

Evaluation of Strength of Coupling in Global Variable:

The global variables are the variables which are declared outside the block. They have
the program scope; means they can be accessed anywhere in the program. When the
program ends then the global variables are destroyed. The primary reason to avoid the
global variable is that they increase the complexity of the program. We have to examine
the every single line in the file to check that for what the global variable is used for. Also
the values of global variables can be changed by any function that is called. It is more
coupled then other dependency (like parameter type, return type, local variable type, etc)
but less coupled then thee generalization relationship.

Strength of Coupling in Global Variable 0.60

5) Generalization

It occurs when one class is a descendant or subclass of another class. The coupling is not
made through redefined data members of the base class by its derived class; it is simply
made through inherited [37]. Figure shows that class Y and its derived class X. Y class
define a data member y and X class inherits y from class Y which is base class. Which
shows classes Y and X are inheritance coupled through vy.

Table 5.5: Generalization Relationship

public class Y

{

}

public class X extends class Y

{
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Evaluation of Strength of Coupling in Generalization:

It does not redefine the data that’s why it is less coupled then the aggregation
relationship. It is more coupled than the dependency relationship coupling as it inherits
the complete class or the member functions of the class.

Strength of Coupling in Generalization 0.75

6) Aggregation

An aggregation relationship is a specific type of composition relationship where no
ownership between the sub objects and the complex objects are implied. Aggregation
relationship [39] shows classifiers as subordinate to another classifier. In this objects are
configured or assembled together to create more complex objects.

Evaluation of Strength of Coupling in Aggregation:

In the aggregation relationship when an aggregate is destroyed then the sub objects are
not destroyed. This relationship shows the high level of coupling between the classes but
shows less coupling then the composition relationship. Because in composition
relationship when the composition is destroyed then the sub objects are automatically
removed but in case of aggregation when an aggregate is destroyed then the sub objects
are not destroyed. The subclass objects are defined outside the scope of class, so when
the class is destroyed, the member variables will be destroyed but the sub objects will still
exist.

For example:

Department Teacher

Figure 5.4: Aggregation Relationship

Consider a department of math in a school, which have one or more teachers. The
department does not own the teachers; it means that the department is aggregate. So when
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we destroy the department then teachers should not be destroyed and should exist
independently. Thus aggregation relationship is also referred as weak association.

Table 5.6: Aggregation Relationship between Class X and Class Y

class X class Y
{ {
private: public methody();
Y.y,
+ }
+

The weight assigned to the aggregation relationship is less than the weight assigned to the

composition; because the composition is more coupled then the aggregation relationship.

Strength of Coupling in Aggregation 0.85

7) Composition:

Composition association is a form of aggregation relationship. It represents a whole-part
relationship, which specifies that the life of the part classifier is completely dependent on
the life of whole classifier. The data flow is unidirectional in this relationship. In real life
time by using the smaller and simpler objects the complex objects are built. A personal
computer built using a motherboard, a CPU, memory, etc. Thus the process of building
complex objects from smaller and simpler ones is called object composition. In
composition relationship, by using either pointers or normal variables we add our
subclasses to the composition and all the process of creation and destruction is handled
by the composition class.

Evaluation of Strength of Coupling in Composition:

This relationship represents the whole-part relation; it means that one class is completely
dependent on another class. Compositions [40] are complex classes that contain other
subclasses as member’s variables. The complex object owns all the objects of subclasses
which it is composed of. In this relationship if the composition is destroyed then all the
other classes which are dependent on this complex class are also get destroyed.

For Example:
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Circle Point

Figure 5.5: Composition Relationship
Consider a class Circle it uses another class named as class Point. The class Circle uses
the class Point to denote its origin. Point class is not only the part of the Circle class, but
also they both have the same lifetime. It means the Point class is destroyed together with
its corresponding class Circle. The composition is also referred as strong association.

Table 5.7: Composition Relationship between Class X and Class Y

class X class Y
{ {
public: public methodY/();
Y.yl {
o
}
Y

Thus this shows that the composition is a very highly coupled relationship.

Strength of Coupling in Composition 0.95

5.3.2 Assignments of Ranks to Coupling Parameter Represented as UML Coupling
Relationship:

Coupling parameters are arranged in decreasing order according to their weights and
ranks. Strength of coupling is as rank of coupling 1, 2, 3, and so on form high to low
level. Strength of coupling can also be referred to as weight assigned to coupling
parameters. The table 5.8 shows the weight assigned to the connectivity patterns (i.e.
UML Relationship) according to the coupling level from high level coupling to the low

level coupling (i.e. from worst to best coupling).
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Table 5.8: Ranking Table of Connectivity Patterns

Ranks Coupling Parameters Strength of Coupling
RC1 Composition Relationship 0.95
RC2 Aggregation Relationship 0.85
RC3 Generalization Relationship 0.75
RC4 Global Variable Dependency 0.60
RC5 Return Dependency (Return object of 0.50
other class)

RC6 Return Dependency (Return Data 0.35
Structure)

RC7 Return Dependency (Return variable 0.25
of other class)

RC8 Parameter Dependency (Pass 0.15
Parameter as Object)

RC9 Parameter Dependency (Pass 0.10
Parameter as Variable)

RC10 Local Variable Dependency 0.05

5.4 Coupling Based on Strength Specification Metric (CSSM): The

Proposed Metric

There is an acute need of a metric that can measure the strength with which the classes in
components are connected. The existing problem in Object Oriented Metrics i.e. CBO,
RFC and DIT is considered and a novel metric is proposed i.e. Coupling based on
Strength Specification (CSSM). It uses the connectivity patterns to remove the underlying

problem which is referred to as Inability to Differentiate Anomaly. CSSM is based on:

a) Existing relationships types in design/ code.

b) Existing number of connectivity pattern in design/ code.

c) Same class models.
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Definition:
Coupling based on Strength Specification Metric (CSSM) is defined as the sum of
weighted connections or relationships based on the strength of coupling existing among
classes.

CSSM = AR + GR; + DR, ()

Where
c represents the classes in the components
AR= number of association relationship between the classes.
GR= number of generalization relationship between the classes.
DR= number of dependency relationship between the classes.
A structural relationship is represented by association that connects two classes. The
properties of the classifiers like classes are recorded by associations. To show the design
decisions which are made for the classes are can be done by association. We can calculate
the Association Relationship (AR) using the equation (ii). It contains both the
composition and aggregation relationship.

AR =3} (ni * wa + ni * wc) ... (11)
Where
n; = the number of times the particular type of relationship occurs between the classes.

w, = the weight assigned to the aggregation relationship.
w, = the weight assigned to the composition relationship

A relationship in which one model element i.e. the child is based on another element i.e.
the parent is known as generalization relationship. This relationship can be used in
classes, components, etc. We can calculate the Generalization Relationship (GR) using

the equation (iii).
GR =) (ni * wi) e (11))
Where

w; = the weight assigned to the generalization relationship
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Dependency Relationship is relationship in which changes to one model (i.e. the supplier)

impact another model (i.e. the client). It can exist in different cases:
i.  Operation on A accesses a global variable of type B

ii.  Operation on A has return value of type B

iii.  Operation on A has parameter of type B

iv.  Operation on A has a local variable of type B
We can calculate the Dependency Relationship (DR) using the equation (iv).

DR=)(ni * wg + ni * wr + ni * wp + ni * wl) e (V)

Where
Wy = the weight assigned to the global variable relationship.
w; = the weight assigned to the return type relationship.
w,, = the weight assigned to the parameter type relationship.
w, = the weight assigned to the local variable relationship.

The number and type of connections or relationships among classes are appropriately
taken into consideration in CSSM which was not present in Coupling between Objects
(CBO), Response for a Class (RFC) and Depth inheritance Tree (DIT). This CSSM
Metric gives a clear view of the internal structure which indirectly supports to evaluate
the strength of coupling among the collaborating classes. The very essential design
constraints on components are more cohesion and less coupling. If the coupling in a

system is higher than the system is less reusable.

5.5 Theoretical Evaluation of Proposed Metric using Weyuker’s

Properties.

Weyuker [41] [42] proposed an axiomatic framework in the form of several properties for
evaluating complexity aspects of software systems. These properties are:
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Property 1: There exist P and Q, for which |P| # |Q|, where P and Q are program units or

components.

Property 2: Let C be a non-negative number, then there are finitely many

program/components P for which |P|=C.
Property 3: There exist distinct components/program P and Q for which |P|=|Q].

Property 4: There are functionally equivalent programs/components P and Q such that

IPFFQI.

Property 5: For any program/component bodies P and Q, we have |P| <=|P; Q| and |Q| <=
IP; Ql.

Property 6: For program/component bodies P, Q and R such that |P|=|Q| and |P; R| # |Q;
R|.

Property 7: There are program/component bodies P and Q such that Q is formed by
permuting the order of statements of P and |P|#Q].

Property 8: If P is renaming of Q, then |P|=|Q].
Property 9: There exist program/components bodies P and Q such that |P|+|Q|<|P; Q|.

These properties are evaluated for the proposed metric i.e. Coupling Based on Strength

Specification Metric, as described below:

1) There may exist two different components/ program units which are having different
coupling complexities, thus it satisfies the first property.

2) The coupling complexity cannot be negative because each component have at least
one connectivity pattern with other component, thus the coupling complexity gives
the positive value. It confirms the second property.

3) There may exist two different components with different functionality, but the
proposed coupling complexity metric may have the same value for them, as there may
have the same connectivity patterns between the components but providing different

functionality. Thus it satisfies the third property.
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4)

5)

6)

7)

8)

9)

There may be two components which are having same functionality but they may
have different values of proposed coupling complexity metric, as these components
may have different connectivity patterns and may be design using different concepts
of technologies and programming. Thus it validates fourth property.

If one component is integrated with another component to get an assembled
component for enhanced functionality, then the complexity of the individual
components should be lesser then the complexity of the assembled component, as the
connectivity between the two components increase the complexity of the integrated
component. Thus it confirms fifth property.

Two components may have the same coupling complexity as they have the same
connectivity patterns (i.e. UML relationship) between them. However they may be
developed using different programming methodologies and therefore when these
components are integrated with another component or in a system then they both have
different integration code, relationship and implementation. Thus in both the cases it
results in different coupling complexity value. Thus it validates sixth property.

If the order of parameters and methods is changed, it will not change the number of
components need to be connected and the complexity caused by coupling methods,
thus the proposed metric does not satisfies the seventh property.

The renaming of the parameters or components will not affect the complexity caused
by the parameters or components. Thus it confirms the eighth property.

When two components are integrated or assemble it may results in new more
connectivity patterns (i.e. dependencies) in order to provide the required

functionality. Thus it validates the ninth property.

5.6 Empirical Evaluation of Proposed Coupling Metric Using A Case
Study.

5.6.1 Case Study 1: To Show Difference between CBO and CSSMc¢go Metrics
In order to empirically evaluate the proposed metric, we have considered a case study of

Income Tax Department System. In this case study we have considered two components

which are used to calculate the tax and pay the tax from different mode (that are Direct

Payment and Payment through Agent). The class diagrams of these two components are
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shown below in figure 5.4 and figure 5.5. In figure 5.4 the component show that how the
employee and the employer can directly pay the tax online or manually and how they can
calculate the tax. In figure 5.5 the component shows that how the employer and employee

can indirectly (i.e. via agent) pay the tax manually only.

Direct Payvment

+Username : string

- Password : string

+ Online Payment() : boolean

+ Manual Pavment() : boolean
+ Cal Assessment_vr() : int

+ Show Forml6() : int

+ Withdraw_Previous_stat() : int

P o9
Emplovee Emplover
+ emp _id : int + Name : string
+ IName : string + City : string
- Address : string + Omline Payment()
- phone_no : int + Manual Pavment()
+ Online Pavment() + Check_Revenue() : double
+ Manual_Pavment()
+ Check Salary () : double H T
1 1
— ; i
" : 1 |
[] 1 1
: i -—-——- c<passes revenue»» — - —————————— = !
: ' !
. ! H == uses calculated tax value=>
<<passes salakhy>> —- ——— == uses calculated tax value==-——————— = i
1
i ; i !
1 1 1 H
1 1 1 !
1 1 1 !
1 1 1 H
1 1 1 H
: i ! i
3 N H 1
Bank Tax

+ Name of bank : string + Salarv : double

+ Bank code : int

+ Withdraw()
+ Deposit()

+ Revenue : double

+ Income_tax_slab : int

+ Calculate tax() : double

Figure 5.6: Class Diagram of Direct Payment of Income Tax Component
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Payement through Agent

+ name : string
+ phone no.: int

+ Manual_Payment() : boolean
+ Calculate_Tax() : double

Employee

+emp_id:int

+ Name : string

- Address : string
- phone_no : int

+ Manual_Payment()
+ Check_Salary () : double

<chayve»>

Salary

+ Calculate_Basic () : double
+ Calculate_HRA () : double
+ Calculate_Bonus () : double

Employer

+ Name : string
+ City : string

+ Manual_Payment()
+ Check Revenue(): double

<<have>»

,<______

Revenue

+ Calculate_asset() : double

+ Calculate_liability () : double
+ Calculate_profit () : double
+ Calculate_loss () : double

Figure 5.7: Class Diagram of Payment through Agent of Income Tax Component
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A) Description of the Working of Different Components in the Income Tax

Department System.

1) Direct Payment of Income Tax:

This component is composed of five different classes and their working has been

described as below:

a)

b)

d)

Direct Payment: This class checks the password entered by the user, in order to
authenticate the user for the online payment of the tax. If the password is correct
then it returns the value 1 otherwise 0. In this we also have the method of manual
payment of the tax.

Employee: In this we contain the complete detail of the employee like emp_id,
emp_name, Address, etc. The employee can check the salary using the
Check_salary method which returns the salary in double value. This employee
class inherits the member function of the Direct Payment class (that are
Online_Payment and Manual_Payment)

Employer: This class contains the detail of the employer (i.e. different
organization) like name, city, etc. It also inherits the member function of the
Direct Payment class to pay the tax either manually or online. It also consists of
its own method i.e. Check_Revenue() to check the revenue of the employer.
Bank: In this class we contain the name of the bank and the code of that
particular bank. It consists of two member functions that are deposit and
withdraw. The Employee and Employer classes pass the salary and revenue
respectively as the parameter to the Bank class.

Tax: This class consists of salary, revenue and income_tax_slab attributes. In this
class the tax is calculated using the tax member function and it returns the tax

value (i.e. result) to the Employee and the Employer Class.

2) Payment through Agent:

This component is composed of five different classes and their working has been

described as below:

a)

Payment through Agent: This class contains two member functions that are

manual_payment and calculate_tax. In this class an agent is present through
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B)

1)

b)

d)

which the employee and employer pay the tax. In this we consist of the detail of
the agent and he can calculate the tax of the employee and the employer.
Employee: The employee class contains all the details of particular employee and
having member function to check his salary using the emp_id. This class has the
composition relation with the Payment through Agent class; if Payment through
Agent class is destroyed then the employee class is also destroyed. As in this the
payment of tax is only done by the agent.

Employer: The employer class contains all the details of particular employer and
having member function to check revenue. This class has the composition relation
with the Payment through Agent class; if Payment through Agent class is
destroyed then the employer class is also destroyed. As in this the payment of tax
is only done by the agent.

Salary: In this class we can calculate the salary of employee using different
methods like calculate basic, calculate. HRA and calculate_bonus. When
employee want to check_salary then the salary class passes the object of it as a
parameter to the employee class which shows the parameter dependency between
the employee class and the salary class..

Revenue: In this class we calculate the revenue of the employer using different
member functions as shown in figure 5.5. When employee want to check_revenue
then the revenue class passes the object of it as a parameter to the employer class.
In this we have the parameter dependency between the employer class and the

revenue class.

Steps to Calculate the Coupling between Objects (CBO) for Direct Payment

Component:

Consider the component Direct Payment which is having five classes.

2) Apply the CBO metric on the components. It counts the number of classes that are

coupled to a particular class i.e. where the methods of one class call the methods or

access the variables of the other.

3) It gives the coupling complexity of direct payment component is equal to 2.

CBO pirect Payment — 2
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C) Steps to Calculate the Coupling Based on Strength Specification (CSSM) for
Direct Payment Component:

1) Consider the component Direct Payment which is having 5 classes.

2) Apply the CSSM metric on the component:

2.a) when we apply the CSSM Metric to the component (i.e. Direct Payment) then we
consider all the linkages or relationship between the classes. We have;
a) two generalization relationship
b) two return type relationship
c) two parameter type relationship

2.b) now put the weight assigned to the linkages from the table 5.2 in the equation (ii),
(iii) and (iv) which gives the value of AR, GR, and DR.
GR =Y (2 = 0.75)
=1.50
DR=)2 % 035+ 2 * 0.15
=1.00
Put these value in equation (i)
CSSM = AR; + GR. + DR,
=0+1.50+1.00
=2.50

D) Steps to Calculate the Coupling between Objects (CBO) for Payment through
Agent Component:

1) Consider the component Payment through Agent which is having five classes with
different member functions.

2) Apply the CBO metric on the component. It counts the number of classes that are
coupled to a particular class i.e. where the methods of one class call the methods or
access the variables of the other.

3) It gives the coupling complexity of Payment through Agent component is equal to 2.

CBO Payment though Agent = 2
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E) Steps to Calculate the Coupling Based on Strength Specification (CSSM) for
Payment through Agent Component:
1) Consider the component Payment through Agent which is having 5 classes with
different member functions.
2) Apply the CSSM metric on the component:
2.a) when we apply the CSSM Metric to the component (i.e. Payment through Agent)
then we consider all the linkages or relationship between the classes. We have;
a) two composition relationship
b) two parameter type relationship
2.b) now put the weight assigned to the linkages from the table 5.2 in the equation (ii),
(iii) and (iv) which gives the value of AR, GR, and DR.
AR =Y(2 % 0.95)
=1.90
DR=Y 2 * 0.15
=0.30
Put these value in equation (i)
CSSM = AR; + GR. + DR,
=190+0+0.30
=2.20

F) Results
Table 5.9 shows the result of Case Study 2. In this it is clearly represented that the
already existing Object Oriented Metric i.e. Coupling between Objects gives the
ambiguous results. The newly proposed metrics give the unique results for same Case
Study. It is because the already existing metrics does not consider the connectivity
patterns or relationships which measuring the complexity of the component.

Table 5.9: Result of CBO and CSSMcgo Metric

Metric Direct Payment Payment through
Component Agent Component
CBO 2 2
CSSMcgo 2.50 2.20
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5.6.2 Case Study 2: To Show Difference between RFC and CSSMggc Metrics

In order to empirically evaluate the proposed metric w.r.t Response for a Class (RFC), we
have considered two components which are consist of 3 classes. The class diagrams of
these two components are shown below in figure 5.6 and figure 5.7. In figure 5.6 the
component show that how the employee and the employer can directly pay the tax online
or manually. In figure 5.7 the component shows that how the tax is calculated and

information are passed between the classes.

Direct Payment

+ Username : string
- Password : string

+ Online_Payment() : boolean
+ Manual_Payment() : boolean
+ Cal_Assessment_Yr() : int

+ Show_Form1&() : int

+ Withdraw_Statements() : int

[

Employee Employer
+emp _id:int + name : string
+ name : string + city : string

+ address : string

+ phone_no :int + Online_Payment()

+Manual_Payment()

+0nline_Payment()
+ Manual_Payment()

Figure 5.8: Direct Payment Component

In the figure 5.8 the direct payment component contains 3 classes with different member
functions. The class employee and employer inherits the member function of the class
Direct Payment. Using these inherited member functions the employee and employer can
pay the tax either online or manually. This component shows the generalization
relationship between the Direct Payment class and the Employee, Employer class.
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A) Steps to Calculate the Response for a Class (RFC) for Direct Payment

B)

Component:

1) Consider the component Direct Payment which is having three classes and
different methods in it.

2) Apply the RFC metric on the component. It counts all the methods that are called
by the other methods in that class and all the methods in the class.

3) It gives the coupling complexity of direct payment component which is equal to 5.

RFC pirect Payment — 5

Steps to Calculate the Coupling Based on Strength Specification (CSSM) for
Direct Payment Component:
1) Consider the component Direct Payment which is having 3 classes.
2) Apply the CSSM metric on the component:
2.a) when we apply the CSSM Metric to the component (i.e. Direct Payment) then
we consider all the linkages or relationship between the classes. We have;
a) two generalization relationship
2.b) now put the weight assigned to the linkages from the table 5.2 in the equation
(i), (iii) and (iv) which gives the value of AR, GR, and DR.
GR=Y(2 = 0.75)
=1.50
Put these value in equation (i)
CSSM = AR + GR, + DR;
=0+150+0
=15
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Tax

+ Salary : double
+ Revenue : double

+ Calculate_Tax() : double

== send calculated tax valne==

<<send calculate tax value>> 7 7~ I
i | ! i
! i i 1
! i i 1
! i i 1
! 1 H 1
! 1 H 1
! 1 - 1
i ! i i
\;/ == send emp_id=> i W
1
Employee i ! Salary
<< d salary detail==
+emp_id : int e + HRA : int
+ emp_name : string i H + basic :int
e I oo
+ View_Tax() : double + Calculate_Basic () :double
+ Calculate_HRA () : double
+ Calculate_Bonus () : double

Figure 5.9: Tax Calculation Component

In the given figure 5.9 we have a component which consists of three classes with
different number of member function in them. In this component there is dependency
relationship between the methods (i.e. parameter dependency, return type dependency,
etc). the employee passes the emp_id as the parameter to the calculate_tax method of the
Tax class which is used to calculate the tax of particular employee. The calculate tax
passes this id to salary class to get the salary detail of the employee. Now the salary class
return the salary to the calculate_tax method and then calculate_tax send the value of tax

after calculating to the employee to view the tax.

C) Steps to Calculate the RFC for Tax Calculation Component:
1) Consider the component Tax which is having three classes with different member
functions.
2) Apply the RFC metric on the component. It counts all the methods that are called
by the other methods in that class and all the methods in the class.

3) It gives the coupling complexity of tax component which is equal to 5.
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RFC Tax calculation = 9
D) Steps to Calculate the Coupling Based on Strength Specification (CSSM) for Tax
Calculation Component:
1) Consider the component Tax which is having three classes with different member
functions.

2) Apply the CSSM metric on the component:
2.a) when we apply the CSSM Metric to the component (i.e. Tax Calculation)
then we consider all the linkages or relationship between the classes. We
have;

a) two parameter type relationship

b) two return type relationship
2.b) now put the weight assigned to the linkages from the table 5.2 in the equation
(i), (iii) and (iv) which gives the value of AR, GR, and DR.

DR=)2%.35 + 2 = 0.15

=1.00

Put these value in equation (i)

CSSM = AR; + GR. + DR,

=0+0+1.00=1.00
E) Result
Table 5.10 shows the result of Case Study 2. In this it is clearly represented that the
already existing Object Oriented Metric i.e. Response for a Class (RFC) gives the
ambiguous results. The newly proposed metrics give the unique results for same Case
Study. It is because the already existing metrics does not consider the connectivity
patterns or relationships which measuring the complexity of the component.

Table 5.10: Result of RFC and CSSMggc Metric

Metric Direct Payment Payment through
Component Agent Component
RFC 5 5
CSSMRgec 1.50 1.00
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5.6.3 Case Study 3: To Show Difference between DIT and CSSMp,t+ Metrics

Class A Class A
Class B Class C Class B Class C
Class D Class E Class F Class D Class E Class F
Casel Case Il

Figure 5.10: DIT Components
The figure 5.10 shows two components that Case | and Case Il. In these cases all the the
parent class is inherited by the child class, which shows the relations of generalization

among the classes in a component.

A) Steps to Calculate the DIT for Case I:
1) Consider the component Case | which is having six classes with different member
functions.
2) Apply the DIT metric on the component. It counts the classes that a particular
class inherits from. It counts the level of subclasses affecting a class.
3) It gives the coupling complexity of Case | component which is equal to 2.
DIT case1=2

B) Steps to Calculate the Coupling Based on Strength Specification (CSSM) for
Case I.
1) Consider the component Case | which is having six classes with different member
functions.

2) Apply the CSSM metric on the component:
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2.a) when we apply the CSSM Metric to the component (i.e. Case I) then we
consider all the linkages or relationship between the classes. We have;
a) Eight Generalization Relationship
2.b) now put the weight assigned to the linkages from the table 5.2 in the equation
(i), (ii1) and (iv) which gives the value of AR, GR, and DR.
GR=Y8%0.75
=6.0
Put these value in equation (i)
CSSM = AR; + GR. + DR,
=0+6.0+0
=6.00

C) Steps to Calculate the DIT for Case II:
1) Consider the component Case Il which is having six classes with different
member functions.
2) Apply the DIT metric on the component. It counts the classes that a particular
class inherits from. It counts the level of subclasses affecting a class.
3) It gives the coupling complexity of Case Il component which is equal to 2.
DIT casen =2

D) Steps to Calculate the Coupling Based on Strength Specification (CSSM) for
Case Il.
1) Consider the component Case Il which is having six classes with different
member functions.

2) Apply the CSSM metric on the component:

2.2) when we apply the CSSM Metric to the component (i.e. Case Il) then we
consider all the linkages or relationship between the classes. We have;

a) Four Generalization Relationship
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2.b) now put the weight assigned to the linkages from the table 5.2 in the equation
(i), (iii) and (iv) which gives the value of AR, GR, and DR.

GR=)4%0.75

=3.0

Put these value in equation (i)
CSSM = AR. + GR. + DR,
=0+3.0+0

=3.00

E) Result

Table 5.10 shows the result of Case Study 3. In this it is clearly represented that the
already existing Object Oriented Metric i.e. Depth Inheritance Tree (DIT) gives the
ambiguous results. The newly proposed metrics give the unique results for same Case
Study. It is because the already existing metrics does not consider the connectivity
patterns or relationships which measuring the complexity of the component.

Table 5.11: Result of DIT and CSSMp,t Metric

Metric Case | Case Il
RFC 2 2
CSSMRgec 6.0 3.0

5.7 Normalized Coupling based on Strength Specification (CSSM

Normalized)

5.7.1 Definition

Normalized Coupling based on Strength Specification (CSSM normatized) 1S defined as;

Ratio of the sum of weighted connections or relationships based on the strength of

coupling existing among classes to the number of connections or relationships.
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?=0 Weighted n Types of Relationship

CSSM Normalized =

Number of Relationship(n)

Where, n is number of relationships.

CSSM nNormalized Value will lie in the range from 0 to 1. Values towards 0 will show simply
coupled relationships, whereas values towards 1 show complexly coupled relationships.
Coupling parameter is divided into three categories that are Complex, Medium and Low.
These classifications are done on the basis of strength of coupling. The Change of
strength of coupling parameter is considered to classify the parameters of coupling. The
table 5.12 shows the coupling classification in three categories i.e. complex, medium and

low.

Table 5.12: Coupling Classification

Rank Coupling Parameters Classification
RC1 Composition Relationship Complex
RC2 Aggregation Relationship

RC3 Generalization Relationship

RC4 Global Variable Dependency

RC5 Return Dependency (Return Medium

object of other class)

RC6 Return Dependency (Return
Data Structure)

RC7 Return Dependency (Return

variable of other class)

RC8 Parameter Dependency (Pass
Parameter as Object) Low

RC9 Parameter Dependency (Pass
Parameter as Variable)

RC10 Local Variable Dependency
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5.7.2 Perspective Probable Cases
In this the perspective probable cases are chosen on the basis of the type of relationships

and the number of relationships.

i) Complex Case: The cases which are chosen are based upon the number of
relationships which are defined above in table 5.12 under the complex type. Here all the
perspective probable cases are taken which can lie under 0.75 to 1.00. The strength of
coupling is very high under 0.75 to 1.00 range. In table below PC stands for perspective

probable complex cases.

Table 5.13: Values for Probable Complex Cases

Relationship | Weights Number of Relationships(n)

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Composition | 0.95 5 0 1 1 1 2 5 1
Aggregation | 0.85 5 5 3 2 5 3 1 1
Results .90 0.85 0.88 0.88 0.86 0.89 0.93 90

i) Medium Case: The cases which are chosen are based upon the number of
relationships which are defined above in table 5.12 under the complex type. Here all the
perspective probable cases are taken which can lie under 0.25 to 0.75. The strength of
coupling is medium under 0.25 to 0.75 ranges. In table below PM stands for perspective

probable medium cases.

Table 5.14: Values for Probable Medium Cases

Relationship Weights No. of Relationships (n)
PM1 | PM2 | PM3 | PM4 | PM5 | PM6 | PM7 | PM8
Generalization 0.75 5 1 2 0 0 0 1 1
Global Variable 0.60 5 0 3 1 0 0 1 1
Return Type | 0.50 5 0 1 1 3 1 2 1
Dependency (Object)
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Return Type | 0.35 5 1 3 1 1 6 1 1
Dependency (Data

Stucture)

Results 055 [ 054 | 053 [0.48 |0.44 | 037 [ 054 |0.55

iii) Low Case: The cases which are chosen are based upon the no of relationships which

are defined above in table 5.12 under the complex type. Here all the perspective probable

cases are taken which can lie under 0.00 to 0.25. The strength of coupling is low under

0.00 to 0.25 ranges. In table below PL stands for perspective probable Low cases.

Table 5.15: Values for Probable Low Cases

Relationship Weights No. of Relationships (n)

PL1 |PL2 |PL3 |PL4 |PL5 |PL6 |PL7 |PLS8
Return Type | 0.25 5 2 0 5 0 1 0 1
Dependency
(Variable)
Parameter 0.15 5 3 0 4 2 0 1 1
Dependency (Object)
Parameter Type | 0.10 5 4 1 3 1 0 1 1
Dependency
(Variable)
Local Variable 0.05 5 5 2 2 0 3 2 1
Results 0.13 | 0.11 |0.06 |0.16 |0.13 |0.10 |0.08 |0.13
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Chapter 6

Result and Analysis

Normalized Coupling based on Strength Specification (CSSM normalized) 1S defined as:

Ratio of the sum of weighted connections or relationships based on the strength of

coupling existing among classes to the number of connections or relationships.

?=0 Weighted n Types of Relationship
Number of Relationship(n)

CSSM Normalized =

Where, n is number of relationships.

Here the scale in figure 6.1 classifies the strength of coupling which lie in the ranges

from 0 to 1. The range is divided into three categories i.e complex, medium and low.

0.0 0.25 0.50 0.75 1.00
[

Medium | |

! 1
Complex

Figure 6.1: Classification of Strength of Coupling

Here three graphs are plotted for complex, medium and low cases. The X axis of the
graph show number of relationships and the Y axis show the normalized CSSM values

for the above three cases under consideration.
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6.1 Plotting of Complex Cases: Normalized CSSM versus Number of
Relationships

The graph below is plotted using the values from table no. 5.15.

1 ! T ! T T ! ! !
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Figure 6.2: Plot for Complex Cases

In the Complex Case, strength of coupling lies between 0.75 to 0.95 ranges. The types of
relationships considered are:

)] Composition Relationship
i) Aggregation Relationship
The graph shows:
) For lower number of relationship the Normalized CSSM value is higher.
i) The Normalized CSSM firstly has the higher value for lower number of
relationships and then it tends to decrease with increase in number of

relationships.

iii)  After optimum number of relationship the normalized CSSM will be
increased.

63



This shows we need optimum level of coupling among classes. Neither lower number of
connections nor higher numbers of connections is desired.

Inherent Property: number of relationship is directly proportional to number of classes.
I.e. the lesser the number of relationship indicates that number of classes are also less. So
in case of complex relationship if the numbers of classes are less, reusability strength of
coupling considered to be high; because if two or three classes are there and complex
relationships like composition and aggregation exist among these classes, it will increase
the strength of coupling. And if number of relationship are higher that means number of
classes are more and in more number of classes we can have complex relationship. Here
again the CSSM will be on higher side. Number of classes and number of relationships

needs to be kept neither very high nor very low for coupling.

6.2 Plotting of Medium Cases: Normalized CSSM versus Number of

Relationships
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Figure 6.3: Plot for Medium Cases
Similar is the case with the Medium Case. In this the strength of coupling lies between

0.25 to 0.75 ranges. The types of relationships considered are:
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)} Generalization

i) Global Variable

i) Return Type Dependency (Object)

iv) Return Type Dependency (Data Structure)
Normalized CSSM are on higher side when the number of relationship is very low and
very high. It firstly decreases as the number of relationship increase and then after a
certain point it will tend to increase with increasing number of relationships. The curve

shows that optimum numbers of relationships are desirable for designing better software.

6.3 Plotting of Low Cases: Normalized CSSM versus Number of
Relationships
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Figure 6.4: Plot for Low Cases
Similar is the case with the Low Case. In this the strength of coupling lies between 0.05
to 0.25 ranges. The types of relationships considered are:
I.  Return Type Dependency (Variable)
ii.  Parameter Type Dependency (Object)
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iili.  Parameter Type Dependency (Object)

iv. Local Variable

Normalized CSSM are on higher side when the number of relationship is very low and
very high. It firstly decreases as the number of relationship increase and then after a
certain point it will tend to increase with increasing number of relationships. The curve

shows that optimum numbers of relationships are desirable for designing better software.
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Chapter 7

Conclusion and Future Scope

7.1 Conclusion

The thesis introduces a metric to measure the coupling between classes on the basis of
strength specification. Firstly, the Inability to Differentiate Anomaly (IDA) was identified
and explained. The cases in which object oriented coupling metric like Coupling between
Object (CBO), Depth Inheritance Tree (DIT) and Response for Class (RFC) suffered
from the inability to differentiate anomaly were listed and discussed. Results showed that
the Inability to Differentiate Anomaly (IDA) deserved attention and consideration. Then
a metric is proposed i.e. Coupling based on Strength Specification (CSSM). This metric
took into consideration the number of connections and the type of connections/
relationships. We compared the classical coupling metrics with the proposed metric and
contrasted CBO and CSSMcgo, RFC and CSSMggc, DIT and CSSMpr and quoted the
differences very clearly. And finally we gave Normalized CSSM which lie between the
ranges O to 1. It classified the components according to their coupling complexity into
three categories i.e. complex, medium and low. Number and type of connections among
classes depict coupling or the strength of coupling and is an essential feature to be taken
into consideration while designing the coupling metric. As CSSM is founded on the basis
of number and type of connections, it proved to give more reliable results than the
classical object oriented coupling metric like Coupling between Objects (CBO),
Response for Class (RFC) and Depth Inheritance Tree (DIT).

7.2 Summary of Contributions
i. Identification of Inability to Differentiate Anomaly in object oriented coupling
metric like Coupling between Objects, Response for Class and Depth Inheritance
Tree.
ii.  CSSM Metric is defined as the sum of weighted connections or relationships on
the basis of strength of coupling existing among classes.

This CSSM metric take into consideration:
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a) Number of Relationships
b) Types of Relationships
¢) Number of Classes

This would be helpful in designing and coding. It also finds out coupling
complexity of given software. It show the candidature of the component to
interface it with other component on the basis of coupling complexity.

iili.  Normalized CSSM Metric is defined as the ratio of the sum of weighted
connections or relationships on the basis of strength of coupling existing among
classes to the number of relationship.

7.3 Future Research

In the future

)] We can design an automated tool for calculating the coupling metrics on the
basis of strength specification.

ii) The designing of reusable components can also done on the basis of CSSM
metric.

iii) Interfaceability of two candidate components can also be calculated on the
basis of CSSM.
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