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Abstract 
Measurement is important for daily life and also an 
essential part in scientific and engineering discipline.. 
Software metrics have become a key element in several 
domains of Software Engineering. They are used to 
access different attributes related to the Software 
products or the process. The first part of the paper 
discusses about software metrics, need of metrics and 
their classification. Second part of the paper describes 
object oriented metrics in detail. 
Keywords: Metrics, Object Oriented Metrics. 
 
1. Introduction 
 
Software metric is a function that transfers a 
number or symbol to an entity to characterize the 
attribute, the value of metric is known as measure 
and the process by which a metric is computed 
from attributes of entities using clearly defined 
rules is called measurement. Software metric is a 
collective term used to describe very wide range of 
activities concerned with measurement in software 
engineering. 
Software metrics are the continuous application of 
measurement based techniques to the software 
development process and its products to supply 
meaningful and timely management information, 
together with the use of those techniques to 
improve the process and its products. And software 
metrics is referring to the discipline of using 
quantitative information to support software 
production, operation and maintenance. Ideally, 
software metrics should have following qualities: 

a. Simple and correctly definable so that it 
should be clear how the metrics could be 
evaluated. 

b. Objective, to the greatest extent possible. 
c. Easily obtainable at reasonable cost. 
d. Valid 
e. Robust i.e. relatively insensitive to 

changes in minor product or in process. 

 
 

2. Need of The Software Metrics: 
 

      After the software crises resolution, there is a 
great requirement of more accurate schedule and 
cost estimation, better quality products, and higher 
productivity. All these can be achieved through 
more powerful measurement, which can be 
facilitated by the improved use of software metrics. 
The aim of metrics is the identification and 
measurement of that parameter that affects whole 
software development. Software metrics are 
necessary mainly for improving: visibility, 
planning and control, quality and productivity etc. 
There are some other main reasons on the basis of 
which software metrics become very significant in 
software industry: 
• Software metrics can help to recognize both 

the architecture information and design of the 
software system. 

• Software metrics can help to know the process 
of development by applying process evaluation 
in activity of software development. 

• Software metrics can also support the task of 
software test 

• Software metrics can help to find out the effect 
of object technology in software development 
according to some quantitative assessment like 
quality, productivity, reusability and 
maintainability. 

• Software metrics can estimate the quality of 
software and provide cost estimation of 
software project. 

 
3. Classification of Software Metrics: 
 
Software metrics are attributes of the software 
development environment. Software metrics can be 
classified into following categories: 
• Direct and Indirect metrics 
• Elementary and Composite metrics 
• Process metrics 
• Product metrics 
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• Resource metrics 
 
Direct and Indirect metrics: 
       A direct metrics is one that can be computed 
without any interpretation Such as, length of source 
code or duration of testing process is a direct 
metrics. On the other hand indirect metric is one 
that require/involve interpretation like quality, 
reliability, and complexities are indirect metrics. 
 
Elementary and Composite metrics: 
          The elementary metric is one that maps a 
single attribute or symbol. On the other hand, a 
composite metric is one that requires a combination 
of several elementary metrics for one or multiple 
entities. 
 
Process metrics:  
        Process metrics compute useful attributes of 
the software development process and its 
environment. The process metrics can be used to 
improve software development and maintenance. 
Such as metrics used to compute cost, effort, 
quality etc. are process metrics. The main aim of 
process metrics is to do the right job on first time 
through the process. Metrics also give feedback, if 
needed to achieve this goal. Every process consist 
two types of attributes such as internal and 
external. The internal attributes of a process are 
time, effort, number of faults etc. and external 
attributes of a process are quality, stability etc. 
 
Product metrics: 
      Product metrics are those metrics which are 
used to build the artifacts of a software system such 
as requirements specification documents (RSD), 
system design documents etc. Product metrics 
specifies the characteristic of the product such as 
size, complexity, performance, quality level etc. 
The product metrics help in assessment whether the 
product is good enough through reports on 
attributes like reliability, maintainability and 
portability etc. 
 
Resource metrics: 
     These metrics measure useful attributes of those 
generating the products using the available process, 
methods and tools. Resources that are used to 
develop the software include people, team, 
organization, software, hardware, offices etc. 
Resource metrics are used to compute productivity, 
quality, usability and reliability of the software. 
 
4. Motivation For Object Oriented 
Metrics 

 
The object technology has made a rapid growth 
since the 1980s. Object technology is not only 

Object-Oriented programming, but it also includes 
OO analysis, design and implementation. In this 
approach, the data are bound to the functions that 
operate on them. Data can only be accessed 
through the function they are bound with. Thus, 
data are protected from accidental modification 
from outside functions. OOP (Object-Oriented 
Programming) facilitates decomposition of a 
problem into a number of entities called objects and 
then builds data and functions around these objects. 
The key concepts in the object technology are 
focused on objects. In an OO terminology, 
anything that exists in the real world or system is 
an object. Therefore, identification of objects of the 
system is important for software development.  
 
Most of the traditional software metrics  are not 
appropriate to the object oriented system mainly 
due to the following reason: 
 

•  First, the assumptions relating program 
size and programmer productivity in 
structured systems do not apply directly to 
OO systems. 

•  Second, the traditional metrics do not 
address the structural aspects of OO 
systems. 

•  Third, the computation of the system's 
complexity as the sum of the complexity 
of the components is not appropriate for 
OO systems. 

• Fourth, OO systems integrate both the 
structural and behavioral aspects of a 
program, while structured systems force 
an artificial separation of the structure 
from behavior. 

• Fifth, there are some architectural 
differences between traditional and object 
oriented implementation such as 
inheritance and information hiding or 
encapsulation. 

• Sixth, the traditional software metrics do 
not address the interface complexities, 
which is one of the prime concerns in 
object oriented approach.  

• Seventh, to better understand the quality 
of the product. 

• Eighth, to assess the effectiveness of the 
process. 

• Ninth, to improve the quality of work 
performed at a project level. 
 

Not only these, there could be many other reasons 
in the two approaches or developments, traditional 
and Object-Oriented systems, which makes the 
traditional software metrics inappropriate for 
object-oriented system. 
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5. Object-Oriented Metrics 
 
Object-oriented metrics are units of measurement 
that are used to characterize: object-oriented 
software engineering products (e.g., design, source 
code, test cases etc.), processes (e.g., activity of 
analysis, designing and coding) and resources (i.e. 
efficiency of an individual tester, productivity of 
individual designer etc.). Object-oriented design is 
concerned with developing an object-oriented 
module of a software system to apply the identified 
requirements. Designer will use object-oriented 
design because it provides many benefits such as 
faster development process, module base 
architecture, contains high reusable features, 
increases design quality etc. Objects are the basic 
unit of object-oriented design. Identity, states and 
behaviors are the main characteristics of any object 
and a class is a collection of objects which have 
common behaviors. Object-oriented metrics is an 
important tool that must be considered during 
software development. These metrics are a set of 
standards against which one can measure the 
effectiveness of object-oriented analysis techniques 
in the design of a system.  
 
Internal characteristics of object-oriented 
design are:  
• Cohesion  
• Coupling  
• Inheritance  
• Encapsulation  
• Information Hiding  
• Localization  
 
• Cohesion: Cohesion refers to the internal 

consistency within the part of design. Cohesion 
is centered on data that is encapsulated within 
an object and on how methods interact with 
data to provide well bounded behavior. A class 
is cohesive when its parts are highly correlated. 
It is difficult to split a cohesive class. Cohesion 
can be used to identify the poorly designed 
class. Cohesion measures the degree of 
connectivity among the elements of a single 
class or object.  

 
• Coupling: The physical connection between 

elements of the object-oriented design 
represents coupling within the object-oriented 
system. For example, object X is coupled with 
object Y if and only if X sends a message to Y 
that means the number of collaboration 
between classes or the number of message 
passed between objects. Coupling is the 
measure of interconnecting modules in a 
software structure. 

 
• Inheritance: Inheritance is a mechanism 

whereby one object acquires characteristics 
from one or more objects. Inheritance occurs at 
all levels of a class hierarchy. Inheritance is the 
sharing of attributes and operations among 
classes on a hierarchical relationship.  

• Encapsulation: Encapsulation is a mechanism 
to realize data abstraction and information 
hiding. Encapsulation hides internal 
specification of an object and show only 
external interfaces. The process of 
compartmentalizing the elements of an 
abstraction that constitute its structure and 
behavior; encapsulation serves to separate the 
contractual interface of an abstraction and its 
implementation. In many object oriented 
programming languages, encapsulation of 
objects is systematically and semantically 
supported by the language. In other, the 
concept of encapsulation is supported 
conceptually, but not physically. Encapsulation 
influences metrics by changing the focus of 
measurement from a single module to a 
package of data.  

 
• Information Hiding:  Information hiding is the 

process of hiding all the secrets of an object 
that do not contribute to its essential 
characteristics. An object has a public interface 
and a private representation; these two 
elements are kept distinct. Information hiding 
acts as a direct role in such metrics as object 
coupling and the degree of information hiding. 
All information about a module should be 
private to the module unless it is specifically 
declared public.  

 
• Localization: Localization is the process of 

placing items in close physical proximity to 
each other. In object-oriented software 
localization is based on objects. In a design, if 
there is some change in the localization 
approach, the total plan will be violated, 
because one function may involve several 
objects, and one object may provide many 
functions. Localization is the process of 
gathering and placing things in close physical 
proximity to each other.  

 
In general, conventional software does not support 
these characteristics, because these are the 
fundamental characteristic of Object-Oriented 
systems and many Object-Oriented metrics are 
based on these. A large number of object-oriented 
metrics have been proposed in literature in 90's. 
Chidamber and Kemerer metrics and MOOD 
metrics are the most accepted metrics among them. 
These metrics are described as follows:  
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Chidamber and Kemerer's (C&K) Metrics 
Suite 
 
Chidamber and Kemerer's metrics suite for object-
oriented design is the most popular in area of 
research in object oriented metrics investigation. 
They have defined a suite of metrics for the object 
oriented designs. They define metrics for 
complexity, coupling cohesion, depth of 
inheritance, number of children and response set. 
The proposed metrics are referred to the individual 
class and not to the whole system. The metrics are 
defined as follows:  

 
• Weighted Method per Class  

Weighted Method per Class (WMC) measures 
the complexity of a class and defined as the 
sum of the complexities of all methods of a 
class.  

∑
=

=
n

1i
iCWMC  

Where n is the total number of methods in the 
class and Ci is the complexity of ith method. 
Complexity of a class can be calculated by the 
cyclomatic complexities of its methods. The 
number of methods and the complexity of 
methods used as a predictor of how much time 
and effort is required to develop and maintain 
the class. High value of WMC indicates the 
class is more complex than that of low value. 
So class with less WMC is better. The larger 
the number of methods in a class the greater 
the potential impact on children, since children 
will inherit all the methods defined in the class. 
Classes with large numbers of methods are 
likely to be more application specific, limiting 
the possibility of reuse. As WMC is 
complexity measurement metric, we get an 
idea of required effort to maintain a particular 
class.  

 
• Depth of Inheritance Tree  

Depth of Inheritance Tree (DIT) is defined as 
the maximum length from the node to the root 
of the tree. DIT is a measure of how many 
ancestor classes can potentially affect this 
class. DIT represents the complexity of the 
behavior of a class, the complexity of design of 
a class and potential. If DIT increases, the 
deeper a class is in the hierarchy, greater is the 
number of methods it is likely to inherit, 
making it more complex to predict the 
behavior. Deeper trees constitute greater 
design complexity, since more methods and 
classes are involved. The deeper a particular 
class is in the hierarchy, the greater the 
potential reuse of inherited methods.  

• Number of Children  
Number of Children (NOC) metric measures 
how many sub-classes are going to inherit the 
methods of the parent class. Greater the 
number of children indicates greater the reuse, 
since inheritance is a form of reuse. Greater the 
value of NOC also indicates the greater 
likelihood of improper abstraction of the parent 
class i.e. misuse of subclasses. This metric 
gives an idea of the potential influence a class 
has on the design. If a class has a large number 
of children, it may require more testing of the 
methods in that class.  

 
• Coupling between Objects  

The idea behind Coupling between Objects 
(CBO) metrics is that an object is coupled to 
another object if two objects act upon each 
other. A class is coupled with another class if 
the methods of one class use the methods or 
attributes of the other class. An increase of 
CBO indicates the reusability of the class will 
decrease. The more independent a class is, the 
easier it is to reuse in another application. In 
order to improve modularity and promote 
encapsulation, inter object class couples should 
be kept to a minimum. Thus, the CBO values 
for each class should be kept as low as 
possible. CBO metric measures the required 
effort to test the class.  
 

• Response For a Class  
Response for a Class (RFC) metric is the 
number of methods that can be invoked in 
response to a message in a class. If a large 
number of methods can be invoked in response 
to a message, the testing and debugging of the 
class becomes more complicated since it 
requires a greater level of understanding on the 
part of tester. If RFC increases, the overall 
design complexity of the class increases and 
becomes hard to understand. On the other hand 
lower value of RFC indicates greater 
polymorphism.  

 
• Lack of Cohesion in Methods  

Lack of Cohesion in Methods (LCOM) 
measures the dissimilarities of methods in a 
class on the basis of attributes used by methods 
of class. Always a low value of LCOM is 
desirable. LCOM should be zero or less than 
zero. Greater than zero value of LCOM, 
indicates that there is lack of cohesion. LCOM 
of a class is computed as:  

• LCOM = (number of pair of methods that have 
no common attribute)-(number of pair of 
methods that have common attribute).  
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Metrics for Object-Oriented Design 
(MOOD)  
 
MOOD refers to a basic structural mechanism of 
object-oriented paradigm as encapsulation, 
inheritance, polymorphism, and message passing. 
In MOOD metrics model, two main features are 
used in every metrics; these are methods and 
attributes. Methods are used to perform operations 
of several kinds such as obtaining or modifying the 
status of objects. Attributes are used to represent 
the status of each object in the system. Each feature 
(methods and attributes) is either visible or hidden 
from a given class. The MOOD metrics set 
includes the following metrics:  
 
• Encapsulation  

The Method Hiding Factor and (MHF) and 
Attribute Hiding Factor (AHF) are proposed 
together as measure of encapsulation. MHF 
and AHF represent the average amount of 
hiding between classes in the system.  

 
Method Hiding Factor  
Method Hiding Factor is information hiding 
metric that measure the method encapsulation, 
it count average amount of method hiding 
among all classes in the system, it is a system 
level metric. In computation of MHF inherited 
methods are not included, Visibility of a 
method is computed as  
V(M) = number of classes where a method is 
visible  

 
Visibility of a method is calculated against 
other classes.  

methodsofnumberTotal

IclassesofnoTotalClassallofmethodsallofMVSunof
VisibilityMethod

)./()( −
=

 
 

MHF = 1 - Method Visibility  
Interpretation  
MHF = 0 means that there is no method hiding 
and all method are public.  
If MHF = 1 (100%), it indicates full method 
hiding (that is no method is visible outside its 
class) and all methods are private.  
High value of MHF indicates low functionality 
of class and it also indicates that less number 
of methods is available for reuse therefore 
reducing reusability.  

 
Attribute Hiding Factor  
Attribute Hiding Factor (AHF) is information 
hiding metric that measure the attribute 
encapsulation. It count average amount of 
attribute hiding among all classes in the 
system. It is a system level metric, In 

computation of AHF inherited attributes are 
not included, Visibility of a attribute is 
computed as  
V(A) = number of classes where attribute is 
visible  
Visibility of a attribute is calculated against 
other classes.  

 
Attribute Visibility =  

attributesofnumberTotal

)1classesof.noTotal/(classallofattributesallof)A(VofSun −

 
AHF = 1 - Attribute Visibility  
Interpretation  
AHF = 0 means that there is no attribute hiding 
and all attribute are public.  
If AHF = 1 (100%), it indicates full attribute 
hiding (that is no attribute is visible outside its 
class) and all attributes are private.  

 
• Inheritance  

Inherited features in a class are those which are 
inherited and not overridden in that class. 
Method Inheritance Factor (MIF) and Attribute 
Inheritance Factor (AIF) are proposed to 
measure inheritance.  

 
Method Inheritance Factor  

 
The MIF metric is defined as  

MIF =  

    
classesininheritedanddeclaredmethodsofnumberofsum

classesininhertiedmethodofnumberofSum   

 
Interpretation  
Higher the value of MIF more is the method 
inheritance.  
Zero value of MIF indicates that there is no 
method reusability, the reason may be there is 
no inheritance or all methods are private i.e. 
the scope of methods don't permit inheritance.  
Both too high and low value of MIF is not 
desirable because a low value indicates lack of 
method inheritance and a too high value may 
indicate improper use of inheritance or scopes.  

 
Attribute Inheritance Factor  
The AIF metric is defined as  
AIF= 

classesininheritedanddeclaredmethodsofnumberofsum

classesininhertiedmethodofnumberofSum

 
Interpretation  
Higher the value of AIF more is the attribute 
inheritance.  
Zero value of AIF indicates that there is no 
attribute reusability, the reason may be there is 
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no inheritance or all attribute are private i.e. 
the scope of attribute don't permit inheritance.  
A low value of AIF is desirable as lower as 
compared to MIF. High value of AIF means 
review of scope of attributes is required 
because it may introduce side effects in the 
software.  

 
• Polymorphism  

Polymorphism is an important characteristic in 
object oriented paradigm. Polymorphism 
measure the degree of overriding in the class 
inheritance tree. 

 
Polymorphism Factor  

 
The Polymorphism (POF) metric is defined as  
POF =  

 overrides method possible ofnumber  Maximum

overridesmethodactualofNumber

 
 

Where maximum number of possible method 
overrides a class = number of new methods in 
the class descendent count of the class.  
The value of POF can be varies from 0% to 
100%. If a project have O% "POF, it indicates 
the project uses no polymorphism and 100% 
POF indicates that all methods are overridden 
in all derived classes.  

 
• Coupling  

Coupling shows the relationship between 
modules. A class is coupled to another class if 
it calls methods of another class.  
Coupling Factor  
Coupling Factor (COF) is defined as the ratio 
of actual number of coupling to maximum 
number of couplings in the system.  
The value of COF metric can be varies 
between 0% and 100%. 0% COF indicates that 
no class is coupled and 100% COF indicates 
that all classes are coupled with other classes. 
High value of COF should be avoided. The 
idea of COF metric is same as that of CBO 
metric because they both use coupling factor. 
The main difference between COF and CBO 
is, in COF metric all variables accesses are 
counted whereas CBO metric does not count 
variables.  

 
6. Conclusion 
 
Software metrics are used for measurement and 
these are mainly classified in three categories- 
process, product and resource metrics. A number of 
traditional and OO metrics are available in 

literature. In OO metrics, C&K metrics suite and 
MOOD metrics are most popular .This paper helps 
to understand the existing Object Oriented metrics 
in detail. 
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