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Abstract: Predicting quality of software is one of the major concerns in software engineering that needs to be estimated. It can be predicted
effectively with the help of combination of neural networks plus fuzzy logic which is collectively referred as Neuro-Fuzzy technique. It is one of
the research areas of machine learning. The Neuro-fuzzy model proposed in paper is used to estimate number of defects/faults in system by taking
object oriented (OO) design metrics into consideration design metrics are used as independent variables while numbers of faults is used as
dependent variable.

The paper conducts empirical study of model by taking public dataset KCI from NASA project database and the model is being validated by using
MATLAB simulation.
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|. Introduction

The changing business rules of software industry have led to increase in complexity of software that causes uncertainty among users
problem domain. Various parametric techniques have been failed to handle such uncertainties. They are been handled by soft
computing techniques like neural networks (NN), neuro-fuzzy techniques (ANFIS), machine learning algorithm and estimations by
analogy. neural networks has its application in areas like finance, geophysics, medicine, geology etc. whenever there is task of
prediction, control or classification, the solution is provided by combination of neural networks and fuzzy logic system.
It is not feasible to design full fault prone system due to changing business requirements and complexity of software. Various studies
have been conducted and still going in order to estimate or product number of faults in system by incorporating several novel
techniques for measurement of object oriented (OO)design characteristics like encapsulation, inheritance, information hiding and
message passing. The objective of study defines proposed neuro-fuzzy models that predicts error rate by validating it on public KCI
dataset under NASA object database. The results are shown with help of simulation tool called MATLAB. The remainder of paper
is organized as follows: Section 2 presents back round of conducted studies by various researchers. Section 3 gives brief description
of fuzzy logic. Section 4 conducts empirical study by processing and analyzing dataset using MATLAB. It is followed by conclusion
and references.

I1. Literature Review

Khoshgaftar et.al[1] devised model for predicting software quality by using neural networks (NN) they compared neural network
with discriminate model and found NN model has better accuracy. But, it did not make use fuzzy rules to discover explicit knowledge
related to model. Kamiyaet.al[2] proposed a method to estimate number of faults in given closes by using complexity metrics as
independent variables. Emamet.al [3] devised model to predict faulty classes in java application. Fioravanti and Nesi [4] worked on.
200 different metrics for identifying fault proneness among classes. Aggarwal et.al [5] propped furry model to predict software
quality. It is based on furry logic approach that identifies error prone components. Singh et.al [6] proposed Gene Expression
Programming (GEP) algorithm by using soft computing technique. It is used to product fault proneness software by introducing new
metric fault factor (FF). Hu and Zhong [7] prepared model to predict risks associated with software module using NN.

111, Fuzzy Inference System (FIS)

Estimating number of faults for different iterations cannot be done by traditional methods that rely only on algorithmic data without
deriving any knowledge. To perform this task, two machine learning techniques viz. neural network and fuzzy logic system can be
used. Both are separate techniques with their different roles but the model proposed in study comprises of neuro-fuzzy hybrid system
that combines advantages of fuzzy system (for deriving exploit knowledge) and neural network approach (for deriving implicit
knowledge).

Fuzzy logic system or fuzzy inference system (FIS) is a technique that works on human decisions by deriving inferences from vague
and ambiguous data. It applies knowledge gained through experience and fuzzy mathematics to solve prediction issues. It is known
that FIS does not require any prior knowledge and experience related to given problem FIS is rule based system that performs non-
linear mapping between input and output. The equation dealing with fuzzy system is given by:-
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f(x) = X (i=1 to m)yi(n(i=1 to n) F(x;) / ¥(i=1 to m) m(i=1 to n) F(x;[8]
The parameters used in equation are as:-

y— output

i— 1 to m means rules from 1 tom

xi= input set (Xi, X2 ... Xm)

7 = membership function

F(x)= individual function values associated with rules

1V. Design of Empirical Study

The study is conducted in order to estimate number of faults present in given classes. Traditional metrics are not adequate for
estimating OO faults. So, object oriented CK metrics are used that have objected oriented features like inheritance, coupling, memory
allocation etc. The word CK stands for Chidamber and Kemerer [9].

4.1. Source of data

The study involves usage of public dataset KC1 from NASA IV and V Facility Metrics Data Program Repository (MDP) [10]. The
dataset consists of 43 KSLOC of C++ code with 145 classes and 2107 instances.

Table 1: Descriptive statistics of 145 studied C++ classes of KC1 [11]

Metrics Min Max Mean Mode S.D. Median

WMC 0 110 17.42 8 17.45 12
RFC 0 222 34.38 7 36.20 28
CBO 0 24 8.32 0 6.34 8
DIT 1 7 2 1 1.26 2
NOC 0 5 0.20 0 0.70 0

LCOM 0 100 68.71 1 36.89 84

4.2. Evaluation Criteria

The training data shown above is used to identify parameters for OO model that deals with lagged variables with fuzzy sets as input
and estimates quality of software. The results are shown with the help of MATLAB using neuro-fuzzy editor.

4.3. Results and Discussions
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Fig 1: ANFIS structure
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It depicts five rules that are produced on basis of input functions. The rules are represented by “AND” function.
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Fig 2: FIS set of rules
Above figure shows five rules with their corresponding values that are clubbed in form of ANFIS structure in figure 3. The rules are

represented by their individual functions as in1=0.5, in2=1.16e+0.3, in3=106, in4=4 and in5=173 with output as out1=1.01e+0.3
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Fig 3: Training dataset

The actual output is being represented by plotting training data graph. It consists information about ANFIS structure holding 5 inputs
and 1 output with 5 input functions. It uses hybrid method with error tolerance factor set to zero.
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Fig 4: Plot of training data vs. epochs

The paper proposed neuro-fuzzy model that is combination of two machine learning techniques-fuzzy logic and neural networks.
Both are combined in order to derive explicit and implicit knowledge. The objective of study defines proposed neuro-fuzzy models
that predicts error rate by validating it on public KCI dataset under NASA object database. The study is conducted to predict error
rate in proposed model and compared it with statistical techniques. It is done by simulation tool called MATLAB. From the results
presented above, it is said that Object oriented (OO) metrics appear to be useful to predict number of faults. The training dataset is
used and graphs are plotted between actual and expected output.
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