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ABSTRACT 

Coupling measurement is a focus of study for many of the software professionals from last few years. Object-

oriented programming is an efficient programming technique for programmers because of its features like 

reusability, data abstraction etc. Coupling is a very impotent factor in object-oriented programming for 

software quality measurement and used as predictors of software quality attributes such as fault proneness, 

impact analysis, ripple effects of changes, changeability etc. Many researchers have worked on coupling 

measurement and found various dimensions of coupling. Researchers have also worked on various aspects of 

coupling like static coupling measurement, dynamic coupling measurement, class level coupling, object level 

coupling etc. But still there is no standardization in the field of coupling measurement which is accepted 

worldwide. As a result of this it is very difficult to select any existing measure which obtain clear picture of 

state-of-art of coupling measurement for object-oriented systems. This paper analyses some terminologies of 

coupling measurement proposed earlier and discusses usefulness of each. 
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I. INTRODUCTION 

Object oriented technology gaining significant importance in the field software development. To 

evaluate and maintain quality of object-oriented software there is a need to assess and analyse its 

design and implementation using appropriate measurement metrics [5]. A quality metrics should 

relate to external quality attributes of a design. External quality attributes include maintainability, 

reusability, error proneness, and understandability.  

Based on observations and empirical studies, coupling has shown a direct impact on software quality 

[5]. In general, one of the goals of software designers is to keep the coupling in object-oriented system 

as low as possible. Classes of the system that are strongly coupled are most likely to be affected by 

changes and bugs from other classes. Such classes have more architectural importance; coupling 

measures helps in such happenings [2].  

It is commonly observed in an object-oriented programming technique, inheritance and polymorphism 

is used more frequently. Static coupling measurement attributes are not sufficient to measure coupling 

due to inheritance and polymorphism.       

As a result we focus on coupling measurement. We discuss various proposed dynamic coupling 

measurement metrics and their correlation quality attributes. We compare all measurement aspects 

and discuss in order to design uniform and standardized framework for coupling measurement.  

The following section outlines the related work for object-oriented coupling metrics. Section 3 a 

detailed survey of existing coupling measures is carried out. In section 4 we provide comparative 

study of all the frameworks. Section 5 concludes the paper.   
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II. MOTIVATION 

Object-oriented measurement has become popular area. There are large numbers of measures 

proposed for object oriented attributes such as coupling, inheritance, coherence. Also, there are 

several negative aspects regarding the manner in which the measures are developed and being 

developed. Coupling is a more complex software attribute in object oriented systems but our 

understanding about coupling measurement factors is poor. There is no standardization for expressing 

coupling measures; many measures are not operationally defined i.e. there is some ambiguity in their 

definitions. As a result, it is difficult to understand how different measures relate to one other and 

what their potential use is.  All above aspects ultimately shapes to a need of detailed study of coupling 

measurement in object-oriented systems. 

III. RELATED WORK 

In this section we perform a detailed survey of existing coupling measurement frameworks in object-

oriented systems.  

3.1. Framework by Erik Arisholm [4] 

The framework described by Erik considered following points regarding coupling measurement. 

• Dynamic behavior of software can be precisely inferred from run time information.  

• Static coupling measures may sometimes be inadequate when attempting to explain 

differences in changeability for object oriented design.  

The author derived three dimensions of coupling. 

1. Mapping : object or class 

2. Direction: import or export 

3. Strength: number of dynamic messages, distinct methods, or distinct classes. 

The empirical evaluation of the proposed dynamic coupling measure consists of two parts. 

• First to assess fundamental properties of the measure Second part evaluates whether the 

dynamic coupling measures can explain the change proneness of class.  

• Erik used the concept of role-models for dynamic coupling measurement. 

• Scenario: a specific sequence of interactions between the objects. 

• Role: abstract representation of the functional responsibility of each object in a given 

scenario.  

Object can have many roles because it may participate in many scenarios. The role-model reflects the  

dynamic coupling between the roles along three orthogonal dimensions: direction, mapping and  

strength. 

• Direction of Coupling (Import and Export coupling): Dynamic import coupling counts the 

messages sent from a role, whereas  dynamic export  coupling counts the  messages 

received. 

• Mapping: Object-level and Class-level Coupling: Object-level coupling quantifies the extent 

to which messages are sent and received between the objects in the system. Dynamic, class-

level coupling quantifies the extent of method dependencies between the classes 

implementing the methods of the caller object and the receiver object. 

• Strength of Coupling: The strength of coupling quantifies the amount of association between 

the roles. It is of three types.   

1. Number of dynamic messages. Within a run-time session, to count the total number of 

times each message is sent from one role to another to implement a certain functional 

scenario. 

2. Number of distinct method invocations. To count the number of distinct method 

invocations between two roles. 

3. Number of distinct classes. To count the number of distinct classes. 

Dynamic coupling is compared with static coupling and three important differences are Scope of  

Measurement, Dead code, Polymorphism. In all three measures dynamic coupling is considered more  

suitable than the static coupling. The relationship between dynamic coupling measures and the change  

proneness of the classes is explored by Erik and concluded that changes may prone to error. 
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3.2. Framework by R. Harrison, S. Counsell, R. Nithi [6] 

This framework involves following points regarding coupling measurement. 

1. Coupling between Object (CBO): Is a count of the number of classes to which a class is 

coupled. It counts each usage as a separate occurrence of coupling. This includes coupling via 

inheritance. 

2. Number of Associations (NAS): is defined as the number of associations of each class. 

Counted from design documents. Counts repeated invocations as a single occurrence of 

coupling. This also includes coupling from inheritance.  

Author considered that CBO is greater than NAS.  

Three hypotheses related to coupling are investigated by the authors: 

1. H1: As inter-class coupling increases, the understandability of a class decreases. This 

hypothesis is rejected by authors. 

2. H2: As inter-class coupling increases, the total number of errors found in a class increases. 

This hypothesis is rejected by authors. 

3. H3: As inter-class coupling increases, the error density of a class increases. This hypothesis is 

supported by authors. 

To investigate these hypotheses author studied dependent variables such as  

• Software Understandability (SU) 

• Number of known errors(KE) 

• Error per thousand non-comment source lines(KE/KNCSL) 

Also, Coupling due to object as a parameter of methods and return type for a method is considered by 

authors. 

3.3. Framework by Sherif M. Yacoub, Hany H. Ammar, and Tom Robinson [5] 

The authors have referred many papers and conclude following points regarding coupling 

measurement. 

Two design metrics are considered by authors. 

1. Static: can only calculate design time properties of an application. 

2. Dynamic: used to calculate actual runtime properties of an application. 

Two types of coupling is considered by authors 

1. Class level coupling (CLC): Only invocations from one method to another are considered.  

2. Object level coupling (OLC): The invocations from one method to another and frequency of 

invocations at run time is also considered.  

Authors also considered that, there is correlation between the number of faults and complexity of 

system. Therefore, static complexity is used to assess the quality of software. To measure dynamic 

complexity metrics authors used ROOM design charts. Cyclomatic complexity, operation complexity 

is calculated from ROOM charts. 

Authors explained export and import object coupling with context, description, formula and impact on 

design quality attributes. 

1. Export object coupling (EOC): Measure is a percentage of number of messages sent from 

object A to object B with respect to total number of messages exchanged during the execution 

of some scenario.  

2. Import Object coupling (IOC): Measure is a percentage of the number of messages received 

by object A and was sent by object B with respect to the total number of messages exchanged 

during the execution of some scenario. 

3.4. Framework by Erik Arisholm, Lionel C. Briand, and Audun Føyen [1] 
The authors described many significant dynamic coupling measures and highlights way in which they 

differ from static measures. Authors collected the measures using UML diagrams and accounted 

precisely for inheritance, polymorphism and dynamic binding. 

Classification of dynamic coupling measures  

1. Entity of measurement: The entity of measurement may be a class or an object. 

2. Granularity: The granularity can be class level or object level. 

3. Scope: The objects and classes are to be accounted for measurement.  

The authors captured situations for import and export coupling. 
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1. Dynamic messages: Total number of distinct messages sent from one object to other objects 

and vice versa, within the scope considered. 

2. Distinct method invocations: Number of distinct methods invoked by each method in each 

object. 

3. Distinct classes: Number of distinct classes that a method in a given object uses. 

The measures described by authors are summarized into table 1. 
Table 1.  Heading and text fonts. 

Direction  Entity  Strength 

Import coupling 

Class 

Dynamic messages 

Distinct Methods 

Distinct classes 

Object 

Dynamic messages 

Distinct Methods 

Distinct classes 

Export coupling 

Class 

Dynamic messages 

Distinct Methods 

Distinct classes 

Object 

Dynamic messages 

Distinct Methods 

Distinct classes 

 

The authors described much more regarding polymorphism and dynamic binding using the above 

measures than the others and concluded that coupling is one of the factors which affect change 

proneness. 

3.5. Framework by Lionel C. Briand, John W. Daly, and Jurgen Wust [3] 

The authors identified six criteria of dynamic coupling measures. 

1. The type of connection: What items (attribute, method or class) constitutes coupling. 

2. The locus of impact: To decide whether to count import or export coupling. 

3. Granularity of the measure: The level of detail at which information is gathered, i.e. what 

components are to be measured and how exactly the connections are counted. 

4. Stability of server: There are two categories of class stability defined. The first is unstable 

classes which are subject to modification or development (user defined) and stable classes 

which are not subject o to change (library). 

5. Direct or indirect coupling: To decide whether to count direct or indirect coupling. For 

example, if a method m1 invokes a method m2, which in turn invokes a method m3, we can 

say that m1 indirectly invokes m3. Methods m1 and m3 are indirectly connected. 

6. Inheritance: inheritance-based vs. non-inheritance-based coupling, and how to account for 

polymorphism, and how to assign attributes and methods to classes. 

IV. COMPARISON AND DISCUSSION OF EXISTING FRAMEWORK  

A comparison shows that there are differences in the manner in which coupling is addressed. There 

are differences due to different points of focus by different authors. It is observers that there is no 

uniformity in the measurement. The significant differences are discussed in the following subsection. 

4.1 Type of coupling  

 In most of the frameworks the entity of measurement is a class or an object. But, the mechanisms that 

constitute coupling are different. Erik uses the concept of role-model that constitutes dynamic 

coupling. Harrison considers coupling due to any means between the classes including parameter 

passing to a method, return type of a method. Sherif and his team consider invocation from one 

method to another as a coupling. Lionel and his team consider connection due attributes, classes, and 
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method as a coupling. There are differences in the mechanism that constitute coupling with respect 

each framework.  

4.2 Strength of coupling 

It depends on type of connection and frequency of connection between two classes. Different types of 

coupling have different strengths. Erik counts the strength in terms of number of dynamic messages, 

number of distinct method invocations, and number of distinct classes involved in coupling. Harrison 

counts it in term of number of classes to which a class is coupled and counted each invocation 

separately. Sherif and his team counts strength in terms of method invocations and frequency of 

invocation. Lionel and his team have considered granularity instead of strength. Measure for strength 

of coupling is not uniform it also varies as per author. 

4.3 Direction of coupling 

The framework by Erik distinguishes import and export coupling. Import coupling counts messages 

sent from a role, whereas export coupling counts the messages received. Harrison has not discussed 

anything regarding direction of coupling. Sherif and his team have explained import and export 

coupling with respect to total number of messages exchanged during scenario. Lionel and his team 

explained it as a locus of impact in which import coupling is analyzed as client whereas export 

coupling as server in their roles. Definition of import and export coupling is also ambiguous. There is 

need to clearly define the concept of client and server class.  

4.4 Direct and indirect coupling 

Only Lionel and his team have discussed the concept of direct and indirect coupling. The observation 

is that many measures stated have used the direct coupling but some of measures have used indirect 

coupling also. Consideration of direct or indirect measure is again a matter of discussion. Many 

authors have not defined direct and indirect coupling. There is a need to clearly define these terms and 

to show measures under the terms. 

4.5 Stability of server class 

This point is unique to the framework by Lionel and his team. Using a stable class is better than using 

an unstable class, because modifications which could ripple through the system are less likely to 

occur. The remaining frameworks have not discussed this point; this is again an important point. How 

stability of server class is important that is also not discussed by many authors. 

4.6 Inheritance 

Inheritance is very important aspect of dynamic coupling. It is observed that there is a need to 

consider inheritance based coupling in measurement. Erik has considered polymorphism as part of 

dynamic coupling but not discussed inheritance. Harrison has considered coupling due to inheritance 

but not given any measures of inheritance and non-inheritance based coupling. Sherif also has used 

ROOM charts which shows coupling due to inheritance but explicitly it is not discussed. Erik and his 

team accounted inheritance, polymorphism and dynamic binding using various levels of granularity.  

Lionel and his team have differentiated various measures under the category of inheritance based and 

non-inheritance based coupling. There is no clear picture of how to use inheritance in coupling. Every 

author has different idea regarding inherence for coupling measurement. 

4.7 Granularity 

The granularity of the measure is the level of detail at which information is gathered. This is also an 

important point but not discussed by all the authors. Erik and Lionel have discussed the point but both 

have given a different explanation of the same. Very few authors have discussed this point. There is 

no clear understanding regarding granularity when we consider multilevel inheritance. 

V. CONCLUSIONS 

In this paper, we have studied five frameworks of dynamic coupling measurement for object-oriented 

systems. The motivation is to point out lack standardization and uniformity in the dynamic coupling 
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measurement. We have made comparison of all five frameworks with respect to total seven aspects. It 

is found that all frameworks differ in the definitions of measure, depth of measure, scope of measure 

and inclusion of points for coupling measurement. Many measures are ambiguous for e.g. type of 

coupling is an aspect in which cases which constitutes to a coupling are clearly not defined. Similarly, 

it is found with inheritance, strength of coupling and all other aspects of dynamic coupling 

measurement. Finally we come to the conclusion with following points. 

• There is need of standardization in the field of dynamic coupling measurement 

• Clear definition of every aspect of a measurement is needed 

•  Scope of measurement is needed to define for each measure 

• Every measure must be empirically supported 

These are problems we faced in the study of the various frameworks emerged as ideas to design a new 

framework model for dynamic coupling measurement.  
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