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Abstract

Software restructuring aims at restructuring the functions and is used to improve the cohesiveness of the
software system. However existing restructuring algorithms have some limitations such as difficulty to
restructure the functions, delays to obtain solution quality which is bug-free, expensive in terms of cost and
low cohesion. In entropy-based fuzzy c-means clustering algorithms, member functions are restructured
and achieve high cohesion and low coupling. This paper suggests the use of vectors to calculate the
similarities between member functions as patterns for the member variables which are further used in
clustering. After finding the similarities between the functions, the proposed entropy based FCM algorithm
is used in order to restructure the member functions. The proposed entropy-based fuzzy c-means will be
tested by using different object-oriented system software to ensure that the model is accurate when
compared with Fuzzy c-means. The proposed system will increase the cohesion and reduces cost.

Keywords: software restructuring, entropy based FCM, cohesiveness, coupling, classes, member functions,
member variables.

1. INTRODUCTION

Software restructuring modifies source code data for future changes. Restructuring in general has little impact on
the overall project structure. It should mainly focus on individual modules for design details and local data
structures defined within the modules. In general, software restructuring aims to increase maintainability of a
software system in order to better facilitate other maintenance activities, such as high cohesion, low coupling, and
the addition of new functionalities within a system [2]. Real-world software needs to grow over time to meet
changing needs. Over time, the software is updated, modified and changed as the code becomes more difficult.
As a result, software quality suffers, and much of the program development is dedicated to software maintenance
[20].

The degree to which a software module executes a particular task is referred to as cohesiveness. High cohesion
and low coupling are two of the most significant software design principles. Cohesion measures the strength of
the link between distinct components, whereas coupling evaluates the dependencies between various components.
Cohesion and coupling are two features that have a big impact on a number of important software quality attributes
including maintainability [17]. As a result, cohesion and coupling control is crucial for system design and cost
minimization [14].

Refactoring aims to improve numerous areas of software quality, including understanding abilities and making
developers programme faster, which helps to detect bugs. As a result of restructuring, the internal structure of the
code changes, affecting the code's cohesion and coupling. Software developers try for optimal cohesion while
minimizing coupling. There are many different types of structural features that link software things together.
Restructured the function based on the lexical information-based coupling and cohesion of the source code. [18].
As software evolves over time, resulting in increased levels of internal complexity, the task of balancing cohesion
and coupling becomes more difficult [15]. Based on the clustering algorithms functions are restructured from the
cluster. Various type of clustering algorithms is used to restructure the function. In this approach entropy based
fuzzy c-means clustering algorithm is used. Entropy fuzzy ¢ means clustering algorithm is used to cluster the
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clustering of member function with the help of linkage strategy. Fuzzy clustering is a type of clustering where
each data point can be assigned too many clusters. Based on the data, different similarity measures might be
chosen [4].

Clustering is a technique for grouping elements that are similar or related. The strength of the association between
the component's elements can be determined via clustering analysis. At the functional level, this study proposes a
method for function restructuring using the clustering technique. It focuses on automated support for spotting
inadequate coherent functions and assisting with restructuring decisions rather than an automated restructuring
process [20]. Refactoring tries to enhance a number of aspects of software quality, including readability. It also
allows developers to programme more quickly and helps in the detection of errors. Because refactoring modifies
the code's internal structure, internal quality attributes like as coupling and cohesion will be altered [11]. By
using, Entropy based fuzzy ¢ means clustering algorithm, which is used to restructure the functions and increase
cohesion as much as possible

The study's following sections are organized as follows: The relevant work based on software restructuring is
provided in section 2, and the proposed work's working technique is presented in section 3, in section 4 denotes
the result with their detailed discussion and section 5 containing the conclusion and future works.

2. LITERATURE REVIEW

This research is mainly related to restructuring the functions present in the cluster. The basic purpose of software
restructuring is to improve maintainability so that other maintenance tasks, such as high cohesion, low coupling,
and repairing previously unnoticed faults, may be performed more easily.

Amarjit Prajapatil [11] had suggested a Software Package Restructuring with improved Search-based
Optimization and Objective Functions. A software restructuring challenge has been identified as a result of this
paper, which entails redesigning the package structure of a big, object-oriented software system with the fewest
changes possible. In order to overcome this issue, paper suggest a search-based software restructuring strategy as
a solution to this problem. The findings suggest that the proposed technique increases package structure quality
not only in terms of quality measures, but also in terms of developer satisfaction. In order to increase package
quality, it also keeps the amount of changes to a bare minimum. These deterministic software restructuring
methodologies have shown promising outcomes when used to simple and small software systems. These
approaches, however, present numerous obstacles when dealing with big and complicated software systems.

Anshu Parashar et al. [12] had presented a Restructuring Object-Oriented Software Systems Using Various aspects
of Class Information. Changes to a software system on a regular basis degrade the source code's design and, as a
result, increase the system's complexity. Systems are often reformed to enhance the damaged design by
rearranging classes into packages using good design principles. The proposed approach is used for five various
object-oriented software applications and it compared with other existing approaches. As a result, the
recommended approach is being used to improve the software system's design. Such methods can reconstruct a
software system, which is advantageous for structural quality but may be inconvenient for developers.

Lifeng Mu et.al [9] has suggested a hybrid genetic algorithm for software architecture restructuring. The major
goal of this study is to automatically restructure the system in order to increase its maintainability. The author
presented the Hybrid Genetic Algorithm (HGA) to overcome this problem. Finally, to increase the quality of the
solution, a modified genetic algorithm is applied. Compared to HCA and GNE, HGA can provide higher-quality
solutions. However, it will take hours to obtain solution quality.

Abdulrahman Ahmed Bobakr Baqais and Mohammad Alshayeb [3] had developed an automatic software
refactoring. This paper's major goal is to automate the software refactoring process at both the design and code
levels. In this method SLR is used for automatic refactoring process. While the majority of the papers describe
code refactoring, only a few recent papers focus on model refactoring, according to the findings. Search-based
refactoring is getting popular, and various academics have utilized it to do refactoring in a time- and cost-effective
manner but no tool is created as an outcome of this technique.

Soumaya Rebai et.al [15] was presented a software restructuring process via commit message. The main objective
of this paper is to improve software quality and developer productivity. Our approach outperforms previous
studies that applied refactoring based on static and dynamic code analysis alone, according to an evaluation based
on six open source projects but it can be complex, expensive, and risky.

Ricardo Perez-Castillo et.al [10] had developed a software modernization to embrace quantum technology. This
paper presented a software modernization approach (model-driven reengineering) for restructuring classical
systems so that they can work conjunction quantum systems, resulting in target environments that combine both
processing paradigms. The proposed method is analytic and is based on current software engineering standards
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like the Knowledge Discovery Metamodel and the Unified Modelling Language. However, because new meta-
elements would not be recognized by existing UML modelling tools, standardization and conformance would
suffer.

Satnam Kaur et.al [7] had presented a multi objective refactoring and new method for its recommendation. The
primary goal of this study is to improve the quality of software without altering its observable behavior. We
offered a brief review of multi-objective search-based software restructuring and used the MOSHO (multi-
objective spotted hyena optimizer) to find the optimum compromise between these three goals. When class
importance and code smell severity scores are used, the results reveal that MOSHO's refactoring solutions are
much superior to other methodologies. However, in the world of software engineering, automatically detecting
refactoring possibilities remains a difficult issue.

Masoud Aghdasifam et.al [2] had suggested a New Metaheuristic-Based Hierarchical Clustering Algorithm for
Software Modularization. The major goal of this study is to increase the internal quality of software without
affecting its exterior behavior. TDHC is a new search-based top-down hierarchical clustering approach proposed
in the study that can be used to modularize the system. According to results on seven folders of Mozilla Firefox
with various functionalities and five other software systems, the TDHC produces modularization that is closer to
the human expert's breakdown than the other available algorithms. But the structure of the tree system will be
changed.

laakov Exman and Alexey Nechaev [8] had presented a Software Refactoring Automation using Algebraic
Higher-Abstraction. Objective of this paper refactoring is both simpler and mathematically rigorous when done
at a higher-abstraction level. This work proposes a novel algebraic approach to refactoring, the algebraic
representation is a dependable source of refactoring rules, with the possibility of eventually obtaining a rule set
that leads to complete automation. At the lower abstraction and source program level refactoring is very complex
and expensive.

Faizan yasin and kareem ullah [22] has suggested an automatic genetic algorithm for code smell detection and
refactoring. The main objective of this paper is adjusting a software's internal structure without affecting its
functional behavior or functionality in order to improve the software's internal non-functional properties. This
paper proposes the Object-oriented search based refactoring method. It determines the best solution for reworking
code by using refactoring methods to refactor the code. It only suggests a solution, one that is not automatically
implemented, because if the program automatically changes the name or performs refactoring, it may cause
problems, particularly at the end of the project, because the output of the function or programme will be altered
as a result of the change in the method's name.

Sarika Bobde and Rashmi Phalnikar [5] has proposed a number of software metrics for evaluating the quality of
object-oriented classes in need of refactoring. This paper provides various object-oriented software metrics and
examines the need for them in the restructuring process.

3. PROPOSED METHODOLOGY

The method is primarily focused on clustering algorithms and used to refactoring the functions present in the
cluster. The proposed entropy-based fuzzy ¢ means clustering algorithm is employed to address this issue. The
proposed software restructuring approach includes the software's source code, which includes functions and
variables. Software restructuring contain several phases, first software source code is given as an input and it
contain total classes, there are number of functions and variables are present the classes. In the second phase, the
software extracts from the classes the set of member variables as well as the set of member functions. The data is
subsequently encoded in the type of vectors, based on the frequent usage pattern of member variables and their
member functions. For a given function value, each vector denotes the usage pattern of each member variable.
These vectors are used to assess member variable similarity as well as usage patterns between member functions.
Entropy fuzzy ¢ means clustering algorithm is used to cluster the clustering of member function with the help of
linkage strategy. Then next phase is Due to the frequency usage pattern, each cluster formed signifies a cohesive
set of member variables that are evaluated as a single unit. Finally, based on proposed entropy based fuzzy c
means clustering algorithm member function of each classes are restructured.
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Figure 1: Model Architecture of proposed method
The software restructuring problem is defined in this paper as a problem of improving existing functions and
variables, as well as the structure, of object-oriented software systems by redistributing source code classes into
the most appropriate functions based on low coupling, high cohesion, and low modification degree quality criteria.
One of the most important software design criteria is to have high cohesion and low coupling. Cohesion is a
measure of how well the elements of a component are connected, whereas coupling is a measure of how dependent
they are on each other. The problem must be stated in terms of classes, with each class comprising a certain
number of member functions and variables.
We characterize the software restructuring challenge as a multi-objective optimization problem with numerous
conflicting goal functions and variables. The mathematical form of multi objective optimization problem is given
in equation 1, [19]
Minf (x) ={[f1(x), f2(x), ..., fm(x)]",M > 1

gix)=0,j=1,...,p;

hi,(x) =0,h=1,....0;

xt<x <x%*(x)=0,i=1,...,P; (1)

Where M is the number of objective functions and it must be greater than 1 and P, Q are the number of inequality

U

constraints and equality constraints. The set X = {x1, x2.... xn} represent variables.xil“ , X;  are the lower and

upper bound of the variable.g; (x), hy (X) represent the inequality and equality constraints.

In figure 1, input of this method is given in the form of source code. Source code of this method is defined as a
version of software and the purpose of the source code is taken to mean any fully executable description of a
software system. A human-readable text written in a computer language is known as source code and it’s contained
a set of instructions written and developed by a programmer using computer programming languages. The
objective of source code is to provide precise computer rules and requirements that can be turned into machine
language.

DOI : 10.21817/indjcse/2022/v1315/221305011 Vol. 13 No. 5 Sep-Oct 2022 1415



e-ISSN : 0976-5166
p-ISSN : 2231-3850 Sarika Bobde et al. / Indian Journal of Computer Science and Engineering (IJCSE)

The decision to move classes into more appropriate functions and variables can be used to develop a restructuring
solution in a software function restructuring challenge. Software system containing ‘n’ number of classes and the
class contains ‘n’ number of member function and ‘n’ number of member variables. In order to evaluating and
guiding the restructuring process the number of restructuring objective functions are used.

3.1. Extraction of functions and variables

Next step is extracting the function and variables, in order to extracting the functions and variables we separate
the member functions and member variables from the class. The software allows you to extract a set of member
variables and member functions from classes.

After a frequent usage pattern of member variables is computed, the data is encoded in the type of vectors.

Each vector denotes the usage pattern of each member variable for a specific function value. These vectors are
used to evaluate member variable similarity as well as the pattern of usage between member functions. Example
for similarity between the member function and member variables are given below,

0]]1.00 057 051 026 031 033

111057 1.00 0354 025 031 043

211051 054 1.00{ 0.19 025 036

31 025 025 0.19 [{1.00 0.50 0.38

41 031 031 025050 1.00 0.56

51 033 043 036 (038 058 1.00

Figure 2: Example of similarity measurement

After the similarity measurement between member variable and member functions the clustering algorithm that
is entropy based fuzzy c-means clustering algorithm is used to clustering that is grouping the member functions.
Entropy based fuzzy c-means clustering algorithm
In order to grouping the member functions, entropy based fuzzy c-means clustering algorithm is used. After
measuring the similarities between member function and member variables the member functions are given to the
entropy based fuzzy c-means approach. Fuzzy clustering is a type of clustering where each data point can be
assigned to many clusters. Depending on the data or the application, different similarity measures can be
employed.
The fuzzy c-means technique is employed in this method to partition the functions into clusters. Each function is
assigned a membership value for each cluster. The fuzzy c-means clustering technique is an unsupervised fuzzy
logic-based solution for multiclass and ambiguous clustering issues. Due to various attributes, we can formulate
function f as x= {x1, x2, X3... Xa}, the FCM algorithm divides x into several clusters. The objective function of
FCM clustering algorithm is given in equation 2, [20]
J =iz 2921 Ujjm ||x,-_uiII2, (2)
Where u=[1;j]cx is a partition matrix with constraints.};{_; U;; = 1 and 0 < u;; < 1, m is the fuzzy
coefficient and ¢ denotes the number of clusters. Where U;; and V;is denoted in equation 3 and 4, [20]
-1
xi vi||2m=1
"y = - il . )

Zg=1(llxj-vql|ym=T
v; = D 4
(= )
In order to improve FCM performance, an FCM algorithm that includes entropy functions is developed. A fuzzy

clustering strategy combining the potential of C-means clustering and a fuzzy entropy function is created in order
to make the algorithm noise-resistant. A variation of FCM based on information entropy is suggested to discover
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the optimal number of clusters. The author introduces a weighting parameter to the goal function in order to
change the location of the cluster centers and limit the influence of noise.

Let X = {(xg, Ug), s=1... S} is a fuzzy set with U membership degree of X to X. the fuzzy entropy of X is given

in equation 5 [21],
HX) = K X5=1 h(us) (5)

K is a constant positive andh () is denoted in equation 6,

1
2u;  if ug <=

h(us) = , ; ©)
2(1 —ug if ug >

3.2. Restructuring Functions

After grouping all the member functions together using entropy based fuzzy c-means clustering algorithm then all
member functions are entered into next phase that is restructuring functions. In order to increase the cohesion and
decrease coupling all member functions should be restructured. A refactoring approach has been proposed and
assessed for cohesion quality based on these clusters, offering a set of refactoring methods that developers must
follow in order to strengthen cohesion without altering the meaning of the software system. Figure 2 shows a
software restructuring problem representation in terms of functions and decision variables.
Restructuring problem
encoding
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O—@—) @" 2 Y AT99YIS
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Figure 3: Software restructuring problem representation

Figure 3 shows the software restructuring problem representation, in which each vector index is mapped to a class
representing the variable, and a number of member functions denoting the range of variable values are mapped to
the index values. The associate member functions must be defined when the variables have been identified and
encoded into an appropriate representation. Based on the approach, we shall restructure the member functions
using entropy based fuzzy ¢ means clustering technique.

Algorithm 1: Pseudocode for overall system

pseudocode
Input data = source code
{
For all classes in source code
Classes
Member variables (MV)
Member functions (MF)
# extracting MF and MV from class
Encoding data in the type of vector
Similarity measurement of MV and MF
# entropy based fuzzy c-means clustering algorithm
FCM clustering algorithm eq. [2]
# restructuring functions
Multi objective optimization problem eq. [1]
}

End for
Output: Restructured the functions present in the cluster to increase cohesion
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4. RESULT AND DISCUSSION

The purpose of this method is to refactoring the member functions present in the cluster in order to improve the
cohesiveness. The proposed entropy based FCM clustering algorithm is evaluated in this section. Clustering
algorithm examines the data enter to determine whether it has been restructured. An optimization is utilized to
solve the entropy based FCM clustering optimal problem in order to increase the cohesion and performance of the
system. The dataset was initially taken and extracting the functions and variables from the class. Then measure
the similarities between functions and variables. After that functions are restructured using entropy based fuzzy c
means clustering algorithm for high cohesion. Clustering is done with the help of linkage strategy. Finally, the
functions are restructured to measure the cohesion value.

In this approach datasets ate collected from GitHub there was totally five datasets are used named as YKSMGM,
store POS, metro system, Health- Starts ~-With- A —Diet, Auction system.

Dataset LOC Class Package Member Member
Count Count function Variable

YKSMGM 6418 19 5 154 41
Store POS 9804 40 8 202 56
metro system 29168 41 1 243 65
Health-Starts-With-A- | 16400 39 3 5279 4353
Diet
Auction System 319351 | 633 2 9796 7453

Table 1: datasets (collected from GitHub)
Precision is the number of positive class forecasts that actually belong to the positive class. Recall is the number
of positive class predictions made from all positive cases in the dataset. As a result, true positive was defined as
the percentage of total member functions correctly placed in their original class, whereas false negative was
defined as the percentage of total member functions not correctly placed in their original class.

recision = |correctndetected| R
p - |detected|
|correctndetected|
recall = 8
|correct| ®)

Correct is the total number of true positive introduced mutations discovered, whereas detected represents the total
number of introduced mutations recognized by our approach. Precision is the percentage of introduced mutations
accurately detected, while recall is the percentage of introduced mutations correctly identified. Because it is
evident that precision and recall metrics measure two distinct notions, we decided to test our proposed technique
using the F - measure to achieve a balance between the two. F-Measure generates a single score that accounts for

both precision and recall concerns in a single number.
precisionxrecall

F — measure = 2 X — )
precision+recall
FCM with M=10 Entropy Based FCM with M=10
Name of Precision Recall F-measure Precision Recall F-measure
Software
YKSMGM 96.209 87.425 91.421 96.419 95.209 96.452
StorePOS 96.127 87.508 91.966 96.870 95.253 96.848
metro system 93.597 88.190 90.664 97.638 95411 96.459
Health-Starts- 96.008 87.434 91.423 96.661 95.146 95.952
With-A-Diet
Auction System | 96.194 86.762 91.439 98.022 95.545 96.832
Table 2: precision, recall, f-measure values
Table 2 contain the precision, recall and F-measure value for each dataset.
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FCM Entropy based FCM
Dataset
M=8§ M=9 M=10 M=8§ M=9 M=10
YKSMGM 78.95 84.21 89.47 84.21 89.47 94.74
Store POS 80.00 85.00 90.00 85.00 90.00 95.00
metro system 78.05 82.93 89.02 82.93 90.00 95.01
) 79.49 84.62 89.74 82.50 87.50 94.99
Health-Starts-With-A-
Diet
Auction System 79.62 84.68 89.73 82.41 87.52 94.94
Table 3: Accuracy
TP+TN
Accuracy rate= (10)
TP+TN+FP+FN

Where, TP = True Positive, TN = True Negative, FP = False Positive, FN= False Negative.
Compared to the existing FCM our proposed entropy based FCM reach high accuracy rate.

95

Accuracy
=] o
V)] <

L
=]

75
M=8

=0—YKSMGM for FCM
Store_POS for FCM
=&—metro system for FCM
—— Health-Starts-With-A-Diet for FCM

=o— Auction System for FCM for d FCM

M=9 M=10
=0—YKSMGM for Entropy based FCM
Store_POS for Entropy based FCM
=&—metro system for Entropy based FCM
== Health-Starts-With-A-Diet for Entropy based FCM

—&— Auction System for Entropy based FCM

Figure 4: Comparison of proposed and existing accuracy

Lack of Cohesion of Methods (LCOM) is a code measure that is specific to the classes in your codebase. LCOM
for a class will vary from O to 1, with 0 indicating total cohesiveness and 1 indicating total non-cohesiveness. This
makes sense because a low "lack of cohesion" score indicates a high level of cohesion. LCOM is defined as,

LCOM =

1-m

2Tk n(a)-

m

(11)
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Tight Class Cohesion (TCC) is a measure that compares the number of visible directly related methods in a class
to the maximum feasible number of connections between the visible methods of a class. For a given class C, let
be the set of all public methods in C, and A be the set of all attributes in C.

7] 1,
(|M—p|) where (T)lepl(lMpl —-1)/2 (12)
2
The overall connection is represented by the LCC. It depends on how many ways there are and how they are
grouped together. When LCC=1, all of the class's methods are connected in some way, either directly or indirectly.
|T|+|L]

TCC =

-2 "
This is the case of cohesion.
Before clustering the cohesion measure for each dataset are given below in table 5.:
Name of Software Cohesion before Clustering
LCOM TCC LCC

YKSMGM 0.134 0.676 0.854
Store_POS 0.762 0.773 0.874
metro system 0.4298 0.7167 0.839
Health-Starts-With-A-Diet 0.291 0.302 0.287
Auction System 0.389 0.585 0.765

Table 5: Cohesion measure

In table 6, cohesion after clustering and clustering using entropy based using FCM (m=10) for all five datasets are
given below.

Name of Software Cobhesion after Clustering (m=10) Cohesion after Clustering using entropy
based FCM (m=10)
LCOM TCC LCC LCOM TCC LCC
YKSMGM 0.107 0.542 0.685 0.100 0.507 0.640
Store_POS 0.611 0.620 0.700 0.571 0.579 0.654
metro system 0.344 0.574 0.672 0.322 0.536 0.628
Health-Starts-With-A-Diet | 0.233 0.242 0.230 0.218 0.226 0.215
Auction System 0.312 0.469 0.613 0.292 0.438 0.573

Table 6: Cohesion measure after clustering for FCM and Entropy based FCM

Software FCM Entropy based FCM
M=8 M=9 M=10 M=8 M=9 M=10

YKSMGM 78.389 80.265 81.452 79.285 80.965 83.154
Store POS 75.236 82.362 84.265 81.465 83.765 85.432
metro system 71.654 70.165 71.254 69.425 70.865 73.165
Health-starts- 65.345 65.842 66.345 64.765 66.034 69.754
with-A-Diet

Auction system 68.385 71.341 73.361 70.685 72.685 75.654

Table 7: Authoritativeness comparison
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The resemblance between the restructuring solution provided by the automatic restructuring approach and the
restructuring solution suggested by experts is measured by authoritativeness.to find authoritativeness different
measures can be used such as MOJO and MOJOFM, etc. In this study we used MOJOFM measure to calculate
authoritativeness.

MOJOFM(M, M,) = 100 —( mno(mMa_ o 100) (14)

max(mno(VM,Mq,
Let M and Ma be the two modularization solutions, Where Mojo FM (M, Ma) denotes authoritativeness, M and
Ma denote the modular architecture developed by the approach and authoritative modular structure provided by
experts, respectively, and max (mno (M, Ma) denotes the maximum distance between any remodularization M
and the remodularization Ma.

Authoritativeness

BFCM @ Entropy Based FCM

Figure 7: Comparison of proposed and existing authoritativeness

Software FCM Entropy based FCM
M=8 M=9 M=10 M=8 M=9 M=10

YKSMGM 85.284 95.565 97.348 96.565 98.548 99.246
Store_POS 74.287 77.564 79.356 79.564 81.356 84.546
metro system 79.593 89.235 91.278 90.235 93.678 95.568
Health-starts- 96.645 87.452 91.452 88.852 94.352 96.897
with-A-Diet

Auction system 82.624 81.095 82.012 85.095 84.012 89.234

Table 8: Stability Comparison

Another important criterion to compare clustering algorithms is stability. An automatic software remodularization
approach should not generate a dramatically different modular structure but still produce different clusters when
architectural changes happen. The similarity between two partitions Pi and Pi+1 generated by the same algorithm
in two subsequent versions of a system is used to measure algorithm stability. The stability of an algorithm can
be determined by measuring MoJoSim (Pi, Pi+l). Stability(m™) = MOJOFM(M™, M™1). Where
M™and M™ ! are the software remodularization results generated for two consecutive versions of a software
system.
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Figure 8: Comparison of proposed and existing Stability

software FCM Entropy based FCM
M=6 M=8 M=10 M=6 M=8 M=10

YKSMGM 98.465 98.965 99.022 99.165 99.462 99.865
Store POS 99.265 97.765 98.872 98.065 99.072 99.654
metro system 96.365 97.345 98.465 97.945 98.965 99.098
Health-starts- 97.672 97.654 98.265 98.254 98.985 99.435
with-A-Diet

Auction system 97.962 97.895 98.345 98.995 98.945 99.653

Table 9: Non-extreme distribution comparison

In order for a well-modularized software system to function well, each module's size should not be too tiny or
huge. As a result, an automatic software restructured technique should produce a modularization solution with
better class distribution across modules. To evaluate the extremity of module size we defined non-extreme
distribution function as follow,

k
Yi=1,M; is not EXTREMEIMil

NED =

n
m;is not extreme if 5 < |M;| < 1.5 X
IMA, 0| where M; is the size of the module i,and k,n, |M,,;,| number of modules, and
number of classes in system.

(15)
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Figure 9: Comparison of proposed and existing Non-extreme distribution

parameter FCM Entropy based FCM
m=38 m=9 m=10 m=38 m=9 m=10

Gini Index 88.45 89.45 90.95 89.65 91.16 91.75
YKSMGM Information gain 88.92 90.35 91.18 90.15 91.38 92.14
Store POS Gini Inde.x ' 88.35 89.35 90.55 89.75 91.12 92.35
- Information gain 88.82 90.65 90.18 90.35 91.58 92.64
metro system Gini Inde.x ' 88.25 88.95 89.55 89.25 90.72 91.45
Information gain 88.62 89.25 90.18 90.35 91.18 92.14
Health-Starts- Gini Index 88.95 88.75 89.45 89.95 90.62 91.55
With-A-Diet Information gain 89.32 89.15 89.88 90.25 91.24 92.17
Auction system Gini Inde.x ' 88.65 89.75 90.15 90.55 90.98 91.85
Information gain 89.45 89.95 90.48 90.85 91.44 92.57

Table 10: Comparison of proposed and existing Non-extreme distribution for Gini Index and Information Gain

After splitting across a certain attribute, the GINI index determines the purity of a specific class. The best split
improves the purity of the sets formed as a result of the split. If L is a dataset with j different class labels, GINI is
defined as,

GINI(L)=1—Y!_, P? (16)
If class i in L, pi is the relative frequency. If the dataset is divided into two subsets L1 and L2 with sizes N1 and
N2 respectively based on attribute A, the GINI is calculated as,

N1 N2
GINI (L) = GINI (L1) + ~ GINI (L2) (17)
Information gain is based on entropy. Information gain is the difference between the Entropy of a class and the
conditional entropy of the class and the provided feature. It calculates the difference in Entropy before and after
aset L is split on a feature f, i.e. the utility of a feature f in categorizing. When the information gain value rises, it
means the feature f is getting more useful for categorization. Splitting should be done using the feature with the

most information gain. Assuming that are v different values for a feature f, Information gain is after splitting L on
a feature f is measured as,

IG (L, f) = Entropy(L) — YV_4 % entropy (L”) Where,|L” | represent the subset of L with f=v.
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Figure 10: Gini Index and information gain for proposed and existing system

The experiments outcome showed that the entropy based fuzzy c- means clustering algorithm can discover the
optimal solution for restructuring the member functions which is used to increase the cohesiveness of the system.
According to the outcomes, the suggested entropy based fuzzy c-means algorithm is best suited for software
refactoring.

CONCLUSION

This research offered an entropy-based software restructuring strategy for upgrading the software system's current
structure. In addition, the member functions are restructured using a proprietary optimization approach for high
cohesion and low coupling. For determining the purity of a class and the difference in Entropy between before
and after the split in the characteristics of a class, the GINI Index and Information Gain are used. In comparison
to our present FCM technique, the suggested software restructuring approach produced a restructuring solution
with a probable optimum solution. As a result, the suggested method might be a viable option for upgrading
current restructured software systems. Our next study will include experimenting with the suggested technique on
other software applications and analyzing the results with more industry-experienced software engineers.
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