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Abstract: 
Software metrics have been studied in the procedural paradigm as a quantitative means of assessing the software 
development process as well as the quality of the software products. Several studies have validated that various metrics 
are useful indicator of maintenance. However, software metrics have rarely been studied in object oriented paradigm. 
Very few metrics have been proposed to measure object oriented systems, and the proposed ones have not been 
validated. 
This research concentrate on Li object oriented metrics and the analysis of these metrics with maintenance factor. In 
addition a set of new metrics are proposed that can find the impact on maintainability of a class by using the 
combination of one Li metric with another metric. 
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1: INTRODUCTION 
Software maintenance is one of the most difficult and 
costly task in the software development process. Among 
all the factors which have a potential influence on 
software maintainability, software metrics, especially 
which measures the inter-connectivity of system 
component, have been shown to have an impact of 
software system maintainability in the procedural 
paradigm [2]. 

Object oriented paradigm gives the way of effective 
maintenance of program components. The process of 
maintenance expedites the software development and 
thereby resulting in high quality work in minimum time. 
They are easy to understand, adapt and scale because of 
modular structure, relatively low coupling and high 
cohesion [1]. 

In this research paper, we are combining the one Li 
metric with one another to analyze the object oriented 
systems developed using maintenance factor.  
Second section describe the prior work in the field of 
software metrics particularly Li Metrics. Since the third 
section of the research paper is proposing the new 
metrics Metric 1, Metric 2, Metric 3. The fourth section is 
result and analysis. Finally section five presents some 
conclusions and future work. 

2: LITERATURE REVIEW 
Understanding the object oriented paradigm is the first 
step toward the definition of metrics for that paradigm. 
The study of object oriented paradigm results in object 

oriented concepts such as: object, class, attributes 
inheritance, method, and message passing. 

A significant number of object oriented metrics have 
been developed. For example, metrics proposed by Abreu 
[2], CK metrics [3], Li and Henry [4] metrics, MOOD 
metrics [5], Lorenz and Kidd [6] metrics etc.  

Li discovered some metrics as he discovered problems 
with Chidamber and Kemerer metrics during the course 
of defining the unit definition model for the metrics. An 
alternative metrics suite was proposed by Li [LI98]. Six 
metrics, Number of Ancestor Classes (NAC), Number of 
Local Methods (NLM), Class Method Complexity (CMC), 
Number of Descendent Classes (NDC), Coupling through 
Abstract Data Type (CTA), and Coupling through Message 
Passing (CTM) were proposed in order to overcome some 
limitations found in Chidamber and Kemerer metrics. 

2.1. Number of Ancestor Classes (NAC) 
• NAC measures the total number of ancestor classes 
from which a class inherits in the class inheritance 
hierarchy. 
• In this the unit for the NAC metric is class, because 
the attribute that the NAC metric capture is the number 
of other classes environments from which the class 
inherits. 
• If a sub class accesses the inherited properties from 
the super class without using the method defined in the 
super class, the encapsulation of the super class is 
violated.  
• The larger the NAC metric, the harder it is to maintain 
the class. 
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2.2. Number of Local Methods (NLM) 
• The Number of Local Methods (NLM) is defined as 
the number of local methods defined in a class which are 
accessible outside the class  
• It measures the attributes of a class that WMC metric 
intends to capture. This attribute is for the usage of the 
class in an object-oriented design because it indicates the 
size of a class’s local interface through which other 
classes can use the class. 
• The larger the local interface of a class, the more 
effort is needed to design, implement, test, and maintain 
the class. 

2.3. Class Method Complexity (CMC) 
• The Class Method Complexity (CMC) metric is defined 
as the summation of the internal structure complexity of 
all local methods.  
• This metric affect the effort required to design, 
implement, test and maintain the class. 

2.4. Number of Descendent Classes (NDC)  
• The definition of NDC is the total number of the 
descendent classes (subclass) of a class. 
• NDC argued that the data attributes and methods 
that are inheritable from the class by its subclass. This 
might increase the complexity measure cause by the 
inheritance relations among the classes.  
• It seems logical that the more direct children a class 
has, the more classes it may potentially affect due to 
inheritance. 
• The larger the NDC metric, the harder it is to maintain 
the class. 

2.5. Coupling through Abstract Data Type (CTA) 
• The Coupling through Abstract data Type (CTA) is 
defined as the total number of classes that are used as 
abstract data types in the data-attribute declaration of a 
class. 
• Two classes are coupled when one class uses the 
other class as an abstract data type [16]. 
• This metric gives the scope of how many other 
classes’ a class needs in order to provide its own service 
to others. 
• The number of variables having ADT (Abstract Data 
Type) may indicate the number of data structures 
dependent upon the definitions of other classes. 

• The more ADTs a class has, the more complex the 
coupling is of that class with other classes. 

2.6. Coupling through Message Passing (CTM) 
• Coupling through Message Passing (CTM) is defined 
as the number of different messages sent out from a class 
to other classes excluding the messages sent to the 
objects created as local objects in the local methods of 
the class.  
• Two classes can be coupled because one class sends a 
message to an object of another class, without involving 
the two classes through inheritance or abstract data type 
[LI98]. 
• The metric gives an indication of how many methods 
of other classes are needed to fulfill the class’ own 
functionality.  
• The number of messages send out from a class may 
indicate how dependent the implementations of the local 
methods are upon the methods in other classes. 
3. PROPOSED METRICS 
In this section, a set of new metrics are proposed to 
measure the reusability of an object oriented codes. 
3.1. Metric1 (NAC + NDC) 
• If a sub class accesses the inherited properties from 
the super class without using the method defined in the 
super class, the encapsulation of the super class is 
violated.  
• It seems logical that the more direct children a class 
has, the more classes it may potentially affect due to 
inheritance. 
• Therefore the maintainability of a class increases with 
the increase in combination of NAC and NDC. So NAC + 
NDC have positive impact on maintainability of a class 
3.2. Metric2 (CTA + CTM) 
• The number of variables having ADT (Abstract Data 
Type) may indicate the number of data structures 
dependent upon the definitions of other classes. 
• The number of messages send out from a class may 
indicate how dependent the implementations of the local 
methods are upon the methods in other classes. 
1. Therefore the maintainability of a class increases with 
the increase of coupling between the classes. So CTA + 
CTM have negative impact on maintainability 
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Table 1: Value of proposed metrics 
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Table 2: Value of metrics 

Class   Metric1  Metric2 

 NAC  NDC  (NAC + NDC)  CTA  CTM  (CTA + CTM)  

Employee 0  2  2  4 2 6 

TechnicalEmployee 1  2 3 0  1 1 

NonTechnicalEmployee 1  0  1  0  2  2  

Engineer 1 0 1 0 3 3 

Consultant 1 0 1 0 2 2 

 
5. CONCLUSION AND FUTURE WORK: 

The aim of this research was to implement the Li metrics 
for the object oriented paradigm. Propose and 
implement additional metrics for the object oriented 
paradigm. Investigate these metrics and their relationship 
for maintainability. 
The result of the analysis of the Li metrics shows that 
There is a strong relationship between metrics and 
maintainability factor. The prediction is successfully cross 
validated. Another future prospect would be to have the 
data set as projects with identical requirements done in 
different object oriented languages.  
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