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Neuro-Fuzzy Based Approach to Software
Reusability Estimation

Deepika* and O.P. Sangwan**

Abstract : Software reusability is a quality attribute in which new software or its module is used with or
without littlemodification. Inthis paper we have proposed a modd based on five parameters: Understandability,
Interface Complexity, Portability, Maintainability, and Customizability for accessing the level of reusability
using Neuro-Fuzzy technique. The proposed modd using ANFIS (Adaptive Neuro Fuzzy Inference System) is
trained well and predicts satisfactory results with average training error 0.0221 and average testing error
0.04836, using hybrid as optimization method.

Keywords : Software reusability, Understandability, Interface Complexity, Portability, Maintainability,
Customizability, Neuro-Fuzzy.

1. INTRODUCTION

Softwarereusability isa quality attribute, which measuresthe ease with which we can use the previously
acquired conceptsin new stuations. It givestheextent that how much aparticular software component isreusable.
The estimation of software reusability isdone on the bassof factors affecting reusability [1]. In order to select the
important factorsaffecting reusability different paperswhichtaken into account the different factors of reusability
were selected and out of that fivemost important factorswere selected in order to estimate the reusability. Different
researchers used different techniquesin order to estimate the level of reusability on the basis of the factorsthey
havetakeninto congderation. Inthis paper, we have discussed about thefactors used by various researchersfor
software reusability estimation. We have proposed aneuro-fuzzy model to estimate softwarereusability level on
thebasisof five parameters Undersandability, I nterface Complexity, Portability, Mantainability, and Customizahility.

Thispaper isorganized asfollows. Section Il summarizesrelated work to predict software reusability, Section
I11 describesthefactorsused, Section |V eaboratesthe proposed ANFI S approach, SectionV showsexperimenta
design, Section VI explain theresults, conclusion and future scopeis presented in section V1.

2.RELATEDWORK

In order to measure reusability one hasto consider thefactorsthat affect reusability. Different researchers
have takeninto account different factorsto measure reusability and used different soft computing techniquesto
measurethelevd of reusability. Sangwan et al. [ 2] proposed amodel based on four parametersi.e., changeahility,
understandability, documentation quality, and interface complexity of software for assessing software reusability
level using soft computing techniques. In order to predict thelevel of reusability they used fuzzy model, neural
network model and neuro-fuzzy model. The study showsthat soft computing techniques can efficiently predict the
reusability level and neuro-fuzzy mode can befurther extended ascost estimation model and for quality prediction.
Neuro-Fuzzy approach wasused by Kumar et al. [3] inorder to predict reusahility of software components and
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aframework for component reusability management in software component intermediate releasewas aso proposed
and concluded that neuro-fuzzy gives better result than standalone FIS or ANN and helps maintain the better
software product quality and resource management acrossreleases.

A fuzzy logic model was proposed by Singh et al. [4] based on five parametersto predict the level of
reusability. Reusahility hasbeen discussed in termsof component based development and also proposed reusability
metricsfor components. The study showsthat fuzzy logic resulted in better understanding of thereusetask andto
estimate the development efforts. Singh et al. [5] introduced various metrics and estimate reusability using fuzzy
logic approachfor aspect oriented software. They havetakeninto account four metrics SoC, coupling, and cohesion,
szemetricsthat affect software reusability in agpect oriented softwareand concluded that proposed modd based
on fuzzy will help software developer select best qudlity of softwarein term of reusability among aspect oriented
software.

Object oriented metricswaspresented by Amin et al. [ 12] to measure thefactorsaffecting reusability. Factors
that were taken into consideration were flexibility, maintainability, portability, documentation, stability,
understandability, usage history, variahility, and scope coverage and determined the correlation between these
different factors of reusability. Three metricswere proposed by God and Sharma[8] i.e., coupling, complexity,
and portahility to check theleve of reusability usng Neuro-Fuzzy approach and resultsshowsthat Artificial Neuro
Fuzzy Inference System (ANFIS) model was appropriatefor assessing thereusability of components.

3.FACTORSUSED
Table 1. FactorsAffecting Software Reusability
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Based onthestudy of different research papersasshownin Table 1, we have identified five most important
factorswidely used by various researcherswhich affect software reusability namely: Understandability, I nterface
Complexity, Portability, Maintainability, and Customizability. The details of thesefactorsare asfollows:

Understandability : It givesusthe effortsneeded to recognize the concept behind asoftware component.
The higher theunderstandability the better will be the reusability.

I nterface Complexity : Thenature of components can betreated asblack box, the source code may or may
not beavailable, and application caninteract with these componentsonly with the help of well-defined interfaces
with lesscomplexity as much aspossble. For better reusability theinterface complexity should be low.

Portability : Itisthe ability of acomponent to betransferred from onelocationto another with littleor no
modification. The component should have high portability for better reusability.

Maintainability : It isthe ease of modifying, correcting faults, and improving performance, and adapting to
changed environments. For better reusability maintainability should be more.

Cugomizability : It isthe ease of modifying according to cusomer’sindividud requirements. If cusomizability
isupto expectation then the reusability of the componentswill be more and it will be easily maintained for future
releases. Thesefactorsare selected on the basis of following table:

4. PROPOSED ANFISAPPROACH

The proposed Neuro-Fuzzy systemisbuild, trained, and tested inMATLAB (Fig 1) and following stepsis
followed inthisapproach:

Study papers which take mto consideration
different reusability factors

Most relevant factors are identified

Define mput parameters, membership
functions and rules using mamdani model

Input data to
ANFIS editor

Load traming data and calculate
traming error

Load testing data and calculate
testing error

Check RMSE to estimate
reusability

Fig. 1. Proposed Approach.
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To study different paperswhich takeinto account different reusability factors.

To sdlect the most important factorsaffecting reusability.

Define membership functionsand rules of input variablesusing mamdani system.

For eachinput variable membership functions (low, medium, high) is determined.

For each output variable membership functions(very low, low, medium, high, and very high) isdetermined.
Fuzzy rulesare generated in mamdani fuzzy inference system (FIS) on the bass of input variablesand
membership functions.

Onthebassof fuzzy rules, thetraining data, and testing datafor ANFI S editor isevaluated.
Using training and testing data, training and testing error isevaluated.

5. EXPERIMENTAL DESIGN

Inproposed modd for reusahility, theinput variablestaken areundersandability, interface complexity, portability,
maintainability, and cusomizability. Each of these consists of fuzzy setslow, medium, and high. Membership function
used istriangular membership function (trimf) and fuzzification processis gpplied on these setshy taking normalized
valuesof theseattributes. The output isreusahility, consisting of fivefuzzy setsvery low, low, medium, high, and
very high. ThegivenANFI S system contains 243 rules, 5 inputs and single output. The dataset for reusability is
referred astraining data and testing data. Upontraining, thetraining error will be shown by the ANFIS which
reflects how good the mapping functionisworking. Testing datawill be used to validate the model and to check
how ANFIS behavesfor known data. The Fuzzy I nference System used for our model isof Mamdani-type and
generated using Grid Partioning method. The number of datasets used for training is 100 and dataset used for
testing is50.

P4

Fig. 2. Software Reusability Model with 5 inputs, 1 output, and 243 rules
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Fig. 3. Membership Function Editor for Input Variable
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Table 2. Experimental Results

Rule# Understandability Interface Complexity Portability Customizability Maintainability Reusability

1 03(L) 0.6(H) 0.54(M) 03(L) 0.6(H) 03(L)
2 0.35(L) 0.575(M) 032(L) 029(L) 03(L) 0.314(L)
3 0.5(M) 0.5(M) 0.5(M) 0.5(M) 0.5(M) 0.5(M)
4, 06(H) 0.4(M) 0.7(H) 08(H) 0.9(M) 0.7(H)
5 087(H) 0.15(L) 0.63(H) 0.7(H) 0.9(H) 0811(VH)

Table 2 shows resultsfor some rulesfor different values of input variables used and value of reusability
achieved.Defuzzification: Defuzzificationisaprocessinwhich fuzzy valuesare converted into crigp quantities. Different
methodsused for defuzzification are centroid method, middle of maximum, smallest of maximum, largest of maximum,
or weight average method etc.

The most commonly used method is centroid method and haslarge applicability. It isalso called Center of
Gravity or Center of Area. The defuzzified output for z* isby (1) and validated for rule number 1, 3and 4 from
table 2.

7 = [nc(@.zdz/[p(2)dz @
Where j denotes an algebraic integration.

" = 0.341 (forrulel)
Z = 0.476(forrule3)
" = 0.696 (for rule4)

N
|

N
I

6.RESULTS

Theaveragetraning error is0.0221 giventhe number of epochsis 100 using Hybrid as optimization method.
Theaveragetesting error after validation of training data comesout to be 0.04836 when error toleranceisO. The
rulesdesigned are based on domain knowledgeand theresult isverified for therulesusng Centroid asdefuzzification
method. Theresult showsthat ANFIS modd isappropriatefor estimating the level of reusability and will help a
software developer in selecting better quality of software intermsof reusability.

7.CONCLUSIONAND FUTURE SCOPE

We have proposed soft computing techniquei.e. Neuro-Fuzzy technique, to estimate level of reusahility i.e.
very low, low, medium, high, very high. MATLAB isused for our proposed work and ANF Stool isusedto train
and vaidatethemodel. Fiveimportant variablesthat affect software reusability namely understandability, Interface
complexity, portahility, customizability, and maintainability were identified. Onthe basis of input variables, 243
rulesaredesigned inthe systemand output reusahility istested with respect to thefive input variablesused. The
rulesdesigned are based on domain knowledgeand theresult isverified for therulesusng Centroid asdefuzzification
method. The averagetraining error is0.0221 given the number of epochsis 100 using Hybrid as optimization
method. The averagetesting error after validation of training data comesout to be 0.04836 when error tolerance
is0. We have used Neuro-Fuzzy technique asit combinesthe benefit of both neural network and fuzzy lozic and it
isconcluded that proposed ANF S mode canhelp the software developer in selecting better quality of softwarein
termsof reusability. Infuture, apart from Neuro-Fuzzy technique other soft computing techniqueslike Support
Vector Machine(SVM) candso betakeninto consideration for theassessment of reusability of software components
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