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Abstract— In Software fault detection, clustering and 

classification are major issues in software engineering the 

software engineering deals with various techniques of 

prediction such as correction cost, fault, test, effort, 

reusability, security and quality prediction etc. A most 

common and widespread area of research is software fault 

prediction. It is termed as the method of developing models 

which are utilized by the software specialists for identifying 

faulty constructs in the prior levels of Software Development 

Life Cycle. Classical and modern methods have been used in 

this regard. But some intelligent computing methods have 

been found very useful for the clustering of faults such as 

ANN. GA. KBS, ES and Data mining methods. In the thesis 

we have given an extensive research literature survey for the 

various intelligent computing methods as mentioned above. 

Also basic concepts on ANN Clustering, C&RT are given. 

Our main contribution to the work is to deploy data mining 

methods for clustering and classification of software faults. 

WE have also determined the importance different types of 

metrics of faults. 
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I. INTRODUCTION 

Software defect prediction is the process of finding defective 

modules in the software. Defective Software poses 

considerable risk by increasing the development and 

maintenance costs and customer dissatisfaction. 

 It is, therefore of great concern to locate fault prone 

software modules at an early stage of the project. Tracking 

the fault as early as possible in software development process 

will not only improve the effective cost but also helps to 

achieve customer satisfaction and reliability of software 

developed. It is beneficial to predict the faults because it helps 

in estimating test effort, reducing cost and developing a high 

quality and reliable software. To identify the faults we need 

metrics which can measure the faults from system at various 

phases of software life cycle. There is need to define metrics 

based on the formal specifications so that so that they can be 

theoretically as well as empirically validated. Faults can be 

easily recognized by using the metrics, which may lead to 

good quality software. 

II. LITERATURE SURVEY 

At different levels of software life cycle, software exists in 

different forms. It may be a software Requirements 

specification document in the analysis phase, a design pattern 

in the design phase, or an executable Software. 

 Cartwright, M. Shepperd, M found that there was a 

significant difference in the defect densities between those 

classes that participated in inheritance structures and those 

that did not [2]. 

 Xiang-Sun Zhang found that Instead of performing 

a program consisting of instructions sequentially as in a von 

Neumann computer, artificial neural nets have their structures 

in dense interconnection of simple computational elements 

[3]. 

 Norman E. Fenton review literature to find out the 

wide range of prediction models use size and complexity 

metrics to predict defects [4]. 

 Hall T, Fenton N identify consensus requirements 

for metric program success and examine how programs in 

two organizations measured up [5]. 

 Basili V.R. presents the results of a study in which 

they empirically investigated the suite of object-oriented (00) 

design metrics [6]. 

 J.C. Munson, uses the statistical technique of 

discriminate Analysis as a tool for the detection of fault-prone 

programs is explored [7]. 

 Porter. A. Proposed an approach that derives models 

of problematic components, based on their measurable 

attributes and those of their development processes [8]. 

 V.Basili and H.D. Rombach purposes an 

improvement-oriented software engineering process model 

was developed that uses the goal/question/metric paradigm to 

integrate the constructive and analytic aspects of software 

development [9]. 

 S. Henry and D. Kafura puposes a metrics, based on 

the number of possible paths of information flow through a 

given component, were used to evaluate the design and 

implementation of a software system (the UNIX operating 

system kernel) which exhibits the interconnectivity of 

components typical of large-scale software systems [10]. 

III. DATA MINING & ITS TECHNIQUES FOR USED FOR FAULT 

PREDICTION 

Data mining is a process designed to explore and analyse 

large amounts of data to find consistent patterns, trends or 

relationships among variables and then to validate the 

findings by applying the observed patterns to new set of data. 

The ultimate aim of data mining is prediction and predictive 

data mining is the most common type of data mining and has 

the most direct applications to business [11]. 

 Predictive Data mining relies on formulas that 

compare past successes and failures, and then uses those 

formulas to predict future outcomes. It is multidisciplinary 

field which combines statistics, machine learning, artificial 

intelligence and database technology.[12] 

 There are various data mining techniques used for 

predictions which are discussed below. 

A. Regression 

It is a statistical process to evaluate the relationship among 

variables. It analyses the relationship between the dependent 

or response variable and independent or predictor variables. 

The relationship is expressed in the form of an equation that 
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predicts the response variable as a linear function of predictor 

variable. 

Linear Regression: Y=a+bX+u. 

 Here, Y is the dependent variable, X is predictor 

variable. ‘a’ which represent the slope and ‘b’ is the y 

intercept. 

B. Association Rule Mining 

It is a method for discovering interesting relationships 

between variables in large databases. It is about finding 

association or correlations among sets of items or objects in 

database. It basically deals with finding rules that will predict 

the occurrence of item based on the occurrence of other items. 

C. Clustering 

Clustering is a way to categorize a collection of items into 

groups or clusters whose members are similar in some way. 

It is task of grouping a set of items in such a way that items 

in the same cluster are similar to each other and dissimilar to 

those in other clusters. 

D. Classification 

It consists of predicting a certain outcome based on a given 

input. Classification technique use input data, also called 

training set where all objects are already tagged with known 

class labels. The objective of classification algorithm is to 

analyze and learns from the training data set and develop a 

model. This model is then used to classify test data for which 

the class labels are not known. 

1) Naïve Bayes Classifier 

A Naive Bayes classifier is a simple probabilistic classifier 

based on applying Bayes' theorem with strong (naive) 

independence assumptions. Mathematically classifiers map a 

discrete or continuous feature space X to a discrete set of 

labels Y. The Naïve Bayes classifiers are efficiently trained 

in supervised learning due to the precise nature of the 

probability model. Maximum likelihood methodology is used 

to find the parameter estimates in the Naïve Bayes models. 

The advantage of Bayesian models is the easy incorporation 

of different significant but non-quantifiable factors, such as 

quality of verification and validation activities, software 

complexity and test coverage in the model. Mingxil, utilized 

a modified approach effectively to solve the error 

classification problem [7]. 

2) Decision Tree Induction 

A decision tree is a predictive model which can be used to 

represent both classification and regression models in the 

form a tree structure. It refers to a hierarchical model of 

decisions and their consequences. The structure of a decision 

tree looks like flow-chart; internal nodes representing a test 

on an attribute, branches symbolize outcome of the test and 

the leaf nodes denoting classes or class distributions. The root 

node forms the topmost node in a tree. 

 Unknown sample is classified by testing the sample 

against the decision tree, using values of the attributes. A 

traceable pathway from the root to a leaf node holds the class 

prediction for that sample. The classification rules used are 

easily got from decision trees. 

3) Tree Pruning 

Many of the branches of a decision tree when built will reflect 

irregularities in the training data. Tree pruning methods 

discovers this problem of over fitting the data. Pruning 

methods normally use statistical procedures to eliminate the 

least reliable branches. This elimination usually results in 

quicker classification and an enhancement in the capability of 

the tree to appropriately classify independent test data. In the 

pre pruning method, a tree is “pruned" by stopping its 

construction early; thus no further split or partition at a given 

node. On halting, the node becomes a leaf which may now 

hold the most recurrent class in the subset samples, or the 

probability distribution of those samples. 

4) Random Tree 

Random tree is a decision tree that considers K randomly 

chosen attributes at each node and allows class probabilities 

based on back fitting with no pruning (Frederick Livingston, 

2005) [13]. The steps involved in a random tree are A data set 

is created from the training set by sampling with replacement 

members. The number of examples in the data set is equal to 

that of the training data set. This new data set may contain 

duplicate examples from the training set. Using the 

bootstrapping technique, usually one third of the training set 

data is not present in the in-bag. This left over data is known 

as the out-of-bag data. This above process is called 

bootstrapping each tree is made up of a random number of 

attributes. Nodes and l 1 eaves are formed using the attributes 

with standard tree building algorithms. Pruning is not done 

and tree is grown to maximum extent possible. From Figure 

1 it is seen that the split of the nodes can occur using different 

logic for the given class labels. Taking the medial value of all 

the six different trees produces better results. 

 

 
Fig. 1: Six Different Trees Produced Within Random Tree 

5) Classification & Regression Tree 

Classification and regression tree (CART) is a non- 

parametric technique that produces either classification for 

categorical variable or regression trees for numeric variable. 

Trees formed depend upon the values of variable in the 

modeling dataset from which a collection of rules is created. 

Rules are chosen based on the capability of splits formed on 

variables’ values can differentiate observations based on the 

dependent variable. Child node formed by splitting a node 

into two, the rule is applied in the case of parent node. CART 

stops splitting when it detects that there is no further splitting. 

Terminal nodes at end of each branch. 
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Fig. 2: Classification and Regression Tree 

6) Neural Network 

Neural Networks models have significant advantage over 

analytical models because they require only failure history as 

input, no assumptions. Using that input, neural network 

model automatically develops its own internal model of 

failure process and predicts future failure. Neural Network is 

a collection of fast processing and interconnected computing 

nodes called neurons. Each neuron can receive signal, process 

the signals and finally produce an output signal. 

7) Fuzzy Logic 

Logic deals with true and false. A proposition can be right on 

one instance and false on another. For example, “Rose is red”, 

if the rose held is yellow, the proposition that rose is a red 

flower is false or if the rose is of a red variety, then 

proposition is true. If a proposition is true, it has a truth value 

of 1; if it is false, its truth value is 0. 0 and 1 are the only 

possible truth values. Using logical operations, propositions 

can be combined to generate other propositions. 

IV. CONCLUSION 

Time and cost effective software development are decisive 

for today’s developers. This study helps to understand 

effective use of emerging data mining techniques for fault 

prediction in SDLC to develop reliable software. 
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