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   Abstract: There is a number of software quality attributes 

depends on the software design complexity. Coupling and 

cohesion are the two main parameters through which software 

complexity can be measured. To achieve the high degree of 

maintainability, understandability, readability the high degree of 

cohesion is required. PLCReducer is a tool to review the software 

design complexity [ ]. In this paper, the impact of PLCReducer is 

analyzed. To analyze the impact algorithm is applied on five 

different java based projects and the amount of cohesion before 

and after applying the algorithm is shown in the paper. Also the 

results are compared with an existing approach. 
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I. INTRODUCTION 

Coupling and cohesion are among the basic metrics to 

measure the quality of software design. Coupling is the 

measure of the strength of association established by a 

connection from one module to another [1]”. Therefore, the 

difficulty to understand the design and maintain the 

software increases as the coupling increases. In reverse of 

the coupling, high degree of cohesion results in high degree 

of understandability of the modules of a project[2]. A 

number of software quality attributes like maintainability, 

understandability, reusability [3, 4, and 5] are directly or 

indirectly depends upon the degree of coupling and 

cohesion. Reusability on one of the desirable feature by the 

developers and it can be achieved highly by minimum level 

of coupling.  [6, 7, and 8]. Since the quality of software 

depends on both cohesion and coupling, thus during 

reduction of coupling, cohesion can't be overlooked. It is 

imperative to give equal focus on coupling as well as 

cohesion in the process of coupling reduction [9]. Any 

compromise with the cohesion strength impacts the quality 

of the software.     

 In this paper the impacts of 'PLCReducer' are 

analyzed. PLCReducer generates few suggestions that 

include the shifting of methods from a class of one package 

to the class of other package. When the suggested changes 

are incorporated, a fall in the package level coupling is 

observed. But only reduction is coupling cannot insures the 

improvement in design complexity. 

In the following sub-section there is a brief discussion 

about PLC( a coupling metric) PLCoh(a cohesion metric) 

that is used to understand the impacts of PLCReducer on 

cohesion.  

 

A. Brief about PLC and PLCoh 

To observe the impact of PLCReducer, a package level 

coupling metric PLC [10] and cohesion metric PLCoh [12] 

is considered for experiment. To understand the PLC and 

PLCoh, there is a need to understand the terminology used 

to compute the PLC and PLCoh. 

A1. PLC Formulation  

 It is assumed that there are N number of packages in the 

software. If P is the set of packages then P= {P1, P2, P3, 
Pi.....PN}. Then, PLC for the package Pi, is expressed as 

shown in equation 1. 

1

Number of packageused
PLC

Total number of package




( )sumof nubmer of connection and sub connection 

 1

         
N

j i
j

weight of Connections from P to P



...........

........................... (1)

A2. PLCoh Formulation 

Cohesion is the degree of relationship in a component. A 

package consists of classes. Thus for any class Ci that 

belongs package P having Ri be the number of 

relationships that are either directly or transitively related 
with this class Ci and N be the total number of classes in 

package P then, Cohesion of Class Ci is expressed as 

shown in equation. 
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Self relationship is not considered here thus in the 

denominator value in equation 2 is considered as (N -1 ) 

where N is the number of classes in the package. PLCoh of 

package P is normalized value of CiCoh for i = 1 to N. 

Mathematically PLCoh is expressed as follows: 
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The paper is divided into five sections. Section 2 presents 

the state of art related with coupling reduction. In section 3 

the impact on PLCoh after applying the suggestions is 

analyzed. A comparative study is discussed in section 4. 

The proposed work is concluded in conclusion section. 

  

1. Sate of Art  

This section discusses the major work done in the area of 

coupling reduction approaches and its impact on the 

projects cohesion.  

High degree of coupling is undesirable while zero coupling 

is also not ood for software design [11]. Thus, only here is 

one possibility to control the coupling. Many researchers 

suggested the approaches to control the coupling. The most 

popular way to control the coupling is to avoid the cyclic 
dependencies between the modules. To reduce the 

coupling, author visualizes the high-level dependencies and 

then rationalizes them by separating the interface and 

implementation in order to break dependencies. 

Lung et al. proposes a approach based on clustering to 

restructure a low cohesive function into high cohesive 

function but there is no discussion about impact on 

coupling [14, 15]. A. Alkhalid et al. [16] proposed a 

method to reduce the software complexity for which they 

uses adaptive k-nearest neighbour (A-KNN) clustering 

algorithm by refactoring the packages based on similarity 

factor. Based on the similarity values they suggested 

moving a class from one package to other package. Most 

authors focus on removing the cyclic dependency while 
reducing the coupling of the component. Since the quality 

of software depends on both cohesion and coupling, thus 

during coupling reduction phase, cohesion can't be 

overlooked. It is needed in the process of coupling 

reduction [13]. Any compromise with the cohesion strength 

impacts the quality of the software if only focusing on the 

coupling of the entire system. 

 

2. Impact of PLCReducer on PLCoh After Employing 

Suggestions 

As proposed in the previous section, when suggestions 

recommended by PLCReducer are implemented in the 

existing system, methods may get shifted from class of one 

package to class of other packages. In this process, it is also 
possible that whole class of one package is shifted to other 
package. It should ensure that coupling reduction should 

not lead to cohesion reduction.  

 

To verify that PLCReducer only reduces the coupling of 

the system and not to the cohesion, we apply the algorithm 
PLCReducer on four java based projects and analyze the 

PLCoh and Modified PLCoh (MPLCoh) after employing 

the suggestions. Table 1 show that after employing the 

suggestions of PLCReducer, either PLCoh increases or 

remain unchanged. This can be also visualized in the figure 
1. 

 
Table 1. PLCoh and MPLCoh before and After Employing Suggestions

Table 2.  
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Figure 1. Average PLCoh and MPLCoh of Projects 

 
3. Comparative study 

To establish the validity of the proposed algorithm 

PLCReducer, results obtained from project shipment for 

PLCReducer are compared with the approach proposed by 
Alkhalid et al. The detailed structure of project shipment is 

discussed in Table 2. 

 

 

 

 
 

 

 

 

Table 3. Shipment packages and the classes inside the each package  

Package ID Package Class ID  Class 

P1 Shipment C1 Demo 

C2 Segwhite 

C3 Segfor  

C4 shipment 

C5 ContactDetails 

C6 AboutCompany 

C7 Dependency 

C8 DomParser 

C9 CompanyBranch 

C10 seg 

P2 ShipmentCompanyDetail C11 Enquiry 

C12 colorBox 

C13 Box 

C14 BoxWeight 

C15 Feature 

 

4.1. Implementation of Alkhalid et al. Approach 

To find the results for shipment using Alkhalid et al., we 

computed the values as discussed in [16].  

The similarity between a class and package is computed 

using the equation 4 and a similarity metric is generated.  

   ( , )Sim A P w  

…………………………………………………... (4) 

Where A is the class; P is the package; w is the number of 

instances of class A used as attributes by the classes in the 

package P. For this we first calculated the number of 

instances of each class inside all other classes as shown in 

figure 2.  
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Figure 2. Number of instances of each class in all the 

Figure 3. other classes 

 

Table 3 shows the number of connections between the classes inside each package and the number of connections to other 

packages. 

 
Table 4. Number of connections in the original source code of shipment project  

 No. of connections inside the 

package 

No. of connections to other 

package 

Shipment 4 3 

ShipmentCompanyDetail 7 4 

Total 11 7 

 
Similarity matrix consists of two columns representing two packages and 15 lines representing 15 classes in those packages 
as shown in Table 4.  

 
Table 5. Similarity matrix between each class and all other packages  

Class Package Name Shipment ShipmentCompanyDetail 

 Package ID 

C1 P1 0 0 

C2 P1 0 0 

C3 P1 0 0 

C4 P1 0 3 

C5 P1 1 0 

C6 P1 0 0 

C7 P1 0 0 

C8 P1 0 0 

C9 P1 3 0 

C10 P1 0 0 

C11 P2 4 0 

C12 P2 0 1 

C13 P2 0 0 

C14 P2 0 2 

C15 P2 0 4 

 
Based on the values of similarity metrics and alkhalid et al. 

approach changes are proposed that are summarized in 

table 5. 
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Table 6. Suggested changes by Alkhalid et al. Approach  

Class Old package New package 

Enquiry shipmentCompanyDetail Shipment 

shipment Shipment shipmentCompanyDetail 

 
After implementing the changes as per the table 6 the number of connection inside and from other projects are summerized 

in table 6.  

Table 7. Changes in connections number after applying Alkhalid et al. approach 

Package Name No. of connections 

inside the package 

No. of connections to 

other package 

Shipment 0 0 

ShipmentCompanyDetail +3 4 

Total +3 -3 

 

4.2. Results comparision 

Table 7 summarizes the results computed by alkhalid et al. 

and PLCReducer as shown in table 1. Results shows that 

the suggetions derived from PLCReducer are more capable 

to reduce the coupling as well as increase the cohesion. 

 

 
Table 8. Comparative result analysis of Impact on coupling and cohesion  

 % decreace in 

coupling 

%increase in 

cohesion 

Alkhalid Approach 42 27 

PLC Ruducer 65 63 

 

II. CONCLUSIONS 

This paper 'PLCReducer' that is used to reduce the PLC in 

case of faulty design is analyzed with the reference of 

cohesion. It is found that either PLCoh increases or 

remains unchanged, thus validating the 'PLCReducer' 

algorithm. Also the results are compared with an existing 

approach which shows that the suggestions generated by 

PLCReducer are more capable to increase cohesion and 

reduce coupling. Proposed approach is also compared with 

an existing approach [16] and it is found that the 

suggestions generated by PLCReducer are more capable to 

reduce the design complexity.  
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