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Abstract
Fault-proneness of a software module is the probability that 
the module contains faults and a software fault is a defect 
that causes software failures in an executable project. Early 
detection of fault prone software components enables 
verification experts to concentrate their time and resources on 
the problem areas of the software systems under development. 
In this paper, comparison of clustering based approach and 
neural network based approach has been performed with 
the real time data set named PC1 taken from NASA software 
projects. The performance is recorded on the basis of accuracy, 
MAE and RMSE values. The performance is better in case of 
neural network approach as compared to clustering based 
approach.

Keywords
Fault Proneness, Neural Network, Clustering approach, 
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I. Introduction
Modern systems are primarily based on the software based 
systems. Software quality and reliability have become the main 
concern during the software development. It is very difficult to 
develop software without any fault. System failures due to the 
software failure are common. A software system consists of 
various modules and any of these modules can contain the 
fault which can adversely affect the reliability of the system. 
But early prediction of faulty modules can help in producing 
fault free software. So, it is better to classify the software 
module in faulty/non- faulty module just after completing 
the coding phase. After classifying more efforts can be put 
on the faulty modules to produce reliable software. A fault is 
a defect, an error in source code that causes failures when 
executed. A fault prone software module is the one containing 
more number of expected faults. Accurate prediction of fault 
prone modules enables the verification and validation activities 
focused on the critical software components. Clustering is 
defined as the classification of data or object into different 
groups. It can also be referred to as partitioning of a data set 
into different subsets. In hierarchical clustering the data are 
not partitioned into a particular cluster in a single step. But a 
series of partitions takes place, which may vary from a single 
cluster containing all objects to n clusters each containing a 
single object. In this study, clustering method is being used 
with the Euclidean distance and single linkage. In hierarchical 
clustering an appropriate metric and a linkage criterion is used 
to achieve the pair wise distances of observation in the set. 
The k-nearest neighbor (k-NN) method is usually used to carry 
out classifications. The classification is performed by using 
a reference data set which contains both the input and the 
target variables and comparing the unknown which contains 
only the input variables to that reference set. The distance 
of the unknown to the k nearest neighbors determines its 
class assignment by either averaging the class numbers of 

the k nearest reference points or by obtaining a majority vote 
from  them. The K-nearest neighbor algorithm (KNN) is part of 
supervised learning that has been used in many applications 
in the field of data mining, statistical pattern recognition and 
many others. KNN is a method for classifying objects based 
on closest training examples in the feature space. An object 
is classified by a majority vote of its neighbors. K is always a 
positive integer. The neighbors are taken from a set of objects 
for which the correct classification is known.

II. Literature Survey
1. Lanubile & Lonigro [8] presented an empirical investigation 
of the modeling techniques for identifying fault-prone software 
components early in the software life cycle.
2. Khoshgaftaar [16] introduced the use of the neural networks 
as a tool for predicting software quality.
3. Saida Benlarbi [2] surveyed that the basic premise behind 
the development of object-oriented metrics is that they can 
serve, as early predictors of classes that contain faults or that 
are costly to maintain.
4. Runeson & Magnus [3] proposed that in striving for high-
quality software, the management of faults plays an important 
role. The faults that reside in software products are not evenly 
distributed over the software modules; some modules are more 
fault-prone than others.
5. Briand [10] extracted 49 metrics to identify a suitable 
model for predicting fault proneness of classes. The system 
under investigation was medium sized C++ software system 
developed by undergraduate or graduate students. The eight 
systems under study consisted of a total of 180 classes.
6. A. Mahaweerawat [4] analyzed that to remain competitive 
in the dynamic world of software development; organizations 
must optimize the usage of their limited resources to deliver 
quality products on time and within budget. 
7. P. Bellini [5] compared Fault-Proneness Estimation Models 
that are developed using logistic regression and the discriminate 
analyses.
8. Yan Ma [6] suggested that accurate prediction of fault prone 
modules in software development process enables effective 
discovery and identification of the defects. 
9. G. Pai [13] validated the public domain NASA data set as 
used in their study to predict fault proneness models with 
respect to two categories of faults: high and low. In this also 
used the same data set using a Bayesian approach to predict 
fault proneness models
10. Arvinder Kaur [1] empirically evaluates the performance 
of RF in predicting fault-prone classes using open source 
software.

III. Methodology
The methodology consists of the following steps

A. Find the structural code and requirement attributes
The first step is to find the structural code and requirement 
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attributes of software systems i.e. software metrics. The real 
time defect data sets are taken from the NASA’s MDP (Metric 
Data Program) data repository, [online] Available: http://mdp.
ivv.nasa.gov.in named as PC1 dataset which is collected from 
a flight software from an earth orbiting satellite coded in C 
programming language, containing 1107 modules and only 109 
have their requirements specified. PC1 has 320 requirements 
available and all of them are associated with program modules. 
All these data sets varied in the percentage of defect modules, 
with the PC1 dataset containing the least number of defect 
modules.

B. Select the suitable metric values as representation 
of statement
The suitable metrics like product requirement metrics and 
product module metrics out of these data sets are considered. 
The term product is used referring to module level data. It 
refers to anything to which defect data and metrics data can 
be associated. In most cases products means code related 
items such as a function and systems/sub-systems. The 
term metrics data applies to any finite numeric values, which 
describe measured qualities and characteristics of a product. 
The combined model of the product requirement metrics and 
product module metrics is used in this.

C. Analyze, refine metrics and normalize the metric 
values
In the next step the metrics are analyzed, refined and 
normalized and then used for modeling of fault prediction 
in software systems. PC1 dataset contains 43 static code 
metrics of which various metrics that do not impact binary 
classification are removed like module identifier, call pairs, 
condition count, cyclomatic density, Decision count, Decision 
density, Edge count, Essential density, Parameter count, global 
data complexity, global data density, maintenance severity, 
modified condition count, multiple condition count, node count, 
error count, normalized cyclomatic complexity, number of 
lines, pathological complexity and percent content  and the 
remaining 22 have been used for training and testing data. In 
the requirement based dataset the number of Input Metrics 
are eight.

D. Combine requirement and code metrics
Combining requirements and code metrics have done using 
inner join database operation. An inner join creates a new 
result table by combining column values of two tables (A and 
B) based upon the join-predicate. The query compares each 
row of A with each row of B to find all pairs of rows which 
satisfy the join-predicate. When the join-predicate is satisfied, 
column values for each matched pair of rows of A and B are 
combined into a result row. The result of the join can be defined 
as the outcome of first taking the Cross join of all records 
in the tables (combining every record in table A with every 
record in table B) then return all records which satisfy the join 
predicate. Application of this operation to join requirement and 
code is possible using three metrics product_ module_metrics, 
product_requirement_metrics and product_requirement_ 
relation.

E. Use Hierarchical Clustering Technique for classification 
of the software components into faulty/fault free 
systems
In our study the Hierarchical Clustering Technique is used with 
the Euclidean distance and single linkage which is employed 
to classify the components in faulty/fault free systems. 
Clustering is a very effective technique to identify natural 
groupings in data from a large data set, thereby allowing 
concise representation of relationships embedded in the data. 
Clustering allows us to group software modules into faulty and 
non-faulty categories hence allowing for easier understand 
ability.

F. Use KNN Neural Network based algorithm for 
classification of the software components into faulty/ 
fault free systems
It is very important to find the suitable algorithm for classification 
of software components into faulty/ fault free systems. The 
techniques build models using software metrics and classify 
the components as faulty and fault free. There are variety of 
neural network based fault prediction techniques experimented 
for classifying components into faulty and fault-free, but we 
selected the k-NN algorithm.

G. Implementing the model and finding the results
The proposed methodology is implemented in the MATLAB 
7.4.Evaluate both the approaches for the modeling of the 
reusability data. Implement the model and test the performance 
of the model using following criteria:

Perform the training of the dataset.• 
After training, test it on the basis of error values MAE and • 
RMSE.

1. Mean Absolute Error
Mean absolute error, MAE is the average of the difference 
between predicted and actual value in all test cases; it is the 
average prediction error. The formula for calculating MAE is 
given in equation shown below:

2. Root Mean Squared Error
RMSE is frequently used measure of differences between 
values predicted by a model or estimator and the values actually 
observed from the thing being modelled or estimated. It is just 
the square root of the mean square error as shown in equation 
given below:

H. Comparing the final results
After calculating MAE and RMSE values for each and every 
algorithm, the comparisons are made on the basis of the least 
value of MAE and RMSE error values. The mean absolute error is 
chosen as the standard error. The technique having lower value 
of mean absolute error is chosen as the best fault prediction 
technique.
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IV. Results and Discussion
In this study, training and testing methodology is being used, 
wherein a project is chosen for training the system. The NASA 
MDP dataset named PC1 is used in this. Then a clustering 
algorithm and neural network based KNN algorithm is applied 
on the same project and the final calculated values are then 
used to classify the modules of project as fault prone or fault 
free. The classification is based on values of accuracy, MAE 
and RMSE. 
The following Table represents the comparison:

Table 1: Computed Result for both Approaches

Technique
Parameters

Accuracy 
(%) MAE RMSE

Hierarchical 
Clustering 64.3678 1.0800 0.1200

Neural 
Network 
(KNN)

82.8467 1.0352 0.0636

The above table represents the comparison between the two 
approaches. The results show that the Neural Network based 
approach is better than the Clustering approach with 82.8 % 
(approx.) accuracy. This can be depicted with the help of a 
graph as follows:

Fig. 1:

V. Conclusion
We presented a comparison of fault prediction model using 
hierarchical clustering and neural network approach to estimate 
software reliability and software quality. In order to achieve 
software quality faults must be known prior to development 
so that more emphasis can be made on fault prone areas. We 
used the training and testing methodology. By analyzing the 
results it is clear that Neural network based KNN approach 
gives the better result.                                                                                                
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