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Abstract 
One of the major concerns of software development is to 
develop quality software. To analyze the software quality there 
are number of quality measures, one of such measure is the fault 
based analysis. In this work we have defined a clustering 
approach to perform the fault based analysis. The presented 
work is divided in two stages. In first stage, the software 
modules are been divided under the clusters based on modular 
errors as well as the error density. Once the clusters are 
obtained, the next work is to identify the software criticality 
based on mean absolute analysis. The work is implemented in 
Matlab environment and obtained results shows that the 
presented work has identify the error modules significantly.  
Keywords:  Software Quality Analysis, Clustering, Mean 
Absolute Error. 
 
1. Introduction 
 
Software fault analysis is one of the major factor to 
analyze the software quality. Software faults itself are 
categorized under different classes such as errors, faults 
and the failure. The presented work is about to analyze 
the software quality based on software error and the error 
density. Error density here defines the number of faults or 
errors associated with particular module[1,2]. A software 
module having the higher number of faults or error is 
represented as the non reliable module. The another 
concern with the software error is the type of error 
associated with the module. An error can be a fatal or non 
fatal error or the fault. An error, that can be avoided is 
called non fatal error such kind of errors are not much 
critical. Whereas if some error is associated with the 
software the system itself and the occurrence of the error 
abort the complete execution, such error is represented as 
the critical error. Higher the error criticality, lesser the 
module quality will be. In this paper, the main concern is 
given to the errors and its association with different 
modules is considered to analyze the software quality. 

The errors are having the important role in software 
development.  
 
A) Software Errors 
 
Software reliability is basically a process to analyze the 
errors in the software product. Before going into the 
details of quality analysis  techniques one should know 
what errors are. In day-to-day life we say whenever 
something goes wrong there is an error. This definition is 
quite vast. When we apply this concept to software 
products then we say whenever there is difference 
between what is expected out of software and what is 
being achieved, there is an error. For the output of the 
system, if it differs from what was required, it is due to an 
error. This output can be some numeric or alphabetic 
value, some formatted report, or some specific behavior 
from the system. In case of an error there may be change 
in the format of out, some unexpected behavior from 
system, or some value different from the expected is 
obtained. These errors can due to wrong analysis, wrong 
design, or some fault on developer's part. All these errors 
need to be discovered before the system is implemented at 
the customer's site. Because having a system that does not 
perform as desired be of no use. All the effort put in to 
build it goes waste. So testing is done. And it is equally 
important and crucial as any other stage of system 
development. For different types of errors there are 
different types of testing techniques. In the section that 
follows we'll try to understand those techniques. 
 
B)  Clustering 
 
The objective of clustering is the classification of objects 
according to similarities among them, and organizing of 
data into groups. Clustering techniques are among the 
unsupervised methods, they do not use prior class 
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identifiers. The main potential of clustering is to detect 
the underlying structure in data, not only for classification 
and pattern recognition, but for model reduction and 
optimization. Different classifications can be related to 
the algorithmic approach of the clustering techniques 
 
C) Similarity Measures 
 
Since similarity is fundamental to the definition of a 
cluster, a measure of the similarity between two patterns 
drawn from the same feature space is essential to most 
clustering procedures. Because of the variety of feature 
types and scales, the distance measure (or measures) must 
be chosen carefully. It is most common to calculate the 
dissimilarity between two patterns using a distance 
measure defined on the feature space. We will focus on 
the well-known distance measures used for patterns 
whose features are all continuous. The most popular 
metric for continuous features is the Euclidean distance. 
An important component of a clustering algorithm is the 
distance measure between data points. If the components 
of the data instance vectors are all in the same physical 
units then it is possible that the simple Euclidean distance 
metric is sufficient to successfully group similar data 
instances. However, even in this case the Euclidean 
distance can sometimes be misleading. Each physical 
object is defined by its height and width measurements. 
Despite both measurements being taken in the same 
physical units, an informed decision has to be made as to 
the relative scaling 
 
2. Review of Literature 
 
Software process improvement (SPI) is viewed as 
improving the software processes for the intent of 
increasing the quality of the software products 
[Sommerville 2004] [Daniel & Galin 2003] This can be 
done through understanding the original software process 
and change it in order to increase the quality of the 
software products [Larman 1997]. Grady claims software 
defect data is the most valuable source of information for 
software process improvement decisions. Further, the 
defect data provides a way of comparing improvements 
done against historic defect data in order to measure the 
effect of the improvements. He argues how ignoring 
defect data might yield dire consequences for business 
performance of an organization through reduced customer 
satisfaction and increased operational costs [Blanchard 
1992]. Grady claims software defect data is the most 
valuable source of information for software process 
improvement decisions  [Grady, 1996]. Further, the defect 
data provides a way of comparing improvements done 
against historic defect data in order to measure the effect 
of the improvements. He argues how ignoring defect data 

might yield dire consequences for business performance 
of an organization through reduced customer satisfaction 
and increased operational costs. [Grady, 1996]. Seliya et 
al. in 2002 : investigates the currently available 
regression tree algorithms for software fault prediction. 
These are, cart-ls (least squares), s-plus, and cart-lad 
(least absolute deviation). It was observed that s-plus trees 
had poor predictive accuracy and were large and more 
complex then cart. Khoshgoftaar et al. in 2003 
:introduces a new approach called Rule- Based Modeling 
(RBM) for detecting and removing training data outliers 
in an effort to improve the accuracy of a Case-Based 
Reasoning (cbr) classification model. They evaluate the 
approach by comparing the classification accuracy of cbr 
models built with and without removing outliers from the 
training data set. It was demonstrated that applying the 
rbm technique for eliminating outliers significantly 
improves the accuracy of cbr-based software quality 
classification models Khoshgoftaar et al. in 2004 : 
introduces the context of case-based reasoning, two 
practical classification rules that allow appropriate 
emphasis on each type of misclassification as per the 
project requirements. The suggested techniques are 
especially useful for high-assurance systems where faulty 
modules are rare. Kokol et al. in 2006 : presents the use 
of advanced tool for data mining called Multimethod on 
the case of building software fault prediction model. 
Multimethod combines different aspects of supervised 
learning methods in dynamical environment and therefore 
can improve accuracy of generated prediction model.  
Gao et al. in 2007: identifying which software modules, 
are likely to be faulty is an effective technique for 
improving software quality. However, classification 
techniques such as the logistic regression model (lrm) 
cannot be used to predict the number of faults. In contrast 
count models such as the Poisson regression model (prm), 
and the zero-inflated Poisson (zip) regression model can 
be used for software quality. It was observed that the zip 
model yielded better fault prediction accuracy than the 
prm. Quah and Thwin: “Application of Neural Network 
for Software Quality Prediction using Object-Oriented 
Metrics” this presents the application of neural network in 
software quality estimation using object-oriented metrics. 
Quality estimation includes estimating reliability as well 
as maintainability of software. Reliability s typically 
measured as number of defects. Maintenance effort can be 
measured as the lines changed per class. Two neural 
network models are used: they are Ward Neural Network; 
and General Regression Neural Network (GRNN). GRNN 
network model is found to predict more accurately than 
Ward Network model. Zhong et al.: “Unsupervised 
Learning for Expert-Based Software Quality Estimation” 
current software quality estimation models often involve 
using supervised learning methods to train a software 
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quality classifier of a software fault prediction model. In 
such models, the dependent variable is a software quality 
measurement indicating the quality of a software module 
by either a Risk-Based class membership or the number 
of faults. In reality, such a measurement may be 
inaccurate, or even unavailable. In such situation, this 
paper advocates the use of unsupervised learning 
techniques to build a software quality estimation system, 
with the help of a software engineering human expert. 
 
3. Research Methodology 
 
The presented work is about to analyze the software 
quality based on software modular matrics. The metrics 
considered in this work are the error criticality and the 
error density. The presented work is implemented on 
authenticated dataset that is having the a large number of 
module set with required metric information. Now instead 
of processing each module separately, the clustering 
approach is been implemented to categorize the modules 
based on the type of criticality and based on the error 
density.  The modules included in this work are 
 
A) Data Collection 
 
First task of the proposed work is about to get the fault 
values based dataset from the dataset is having some of 
the following kind of data. The data is collected using 
secondary means 

1. It contains the information respective to 
some modules of some running software. 

2. It contains the module with module id and 
some specific matrices such as line of code. 
Cyclomatic complexity etc. 

3. It contains the information about number of 
faults and type of faults. 

The initial information driven here is given by 
This is a real time C project which has approximately 315 
KSLOC.  There are eight years of error data associated 
with the metrics.  The changes to the modules are based 
on the changes reported within the problem reports  
 
This file contains defect data that changes constant 
throughout the life cycle of that defect.  This file 
essentially outlines the history of the defect.  The dates 
for ACTIVITY and TRIGGER entries are the dates on 
which the defect was opened.  The dates for 
TARGET_PRODUCT_ID and DEFECT_TYPE are the 
dates on which the defect was closed. 
 
 
 
 

DEFECT_ID -  The unique numeric identifier 
of the defect. 

ENTRY_TYPE   The type of defect history 
entry represented. 

ENTRY_DATE  The date associated with the 
defect data entry. 

ENTRY_SEVERITY   The severity at the time of the 
entry. 

ENTRY_PRIORITY   The priority at the time of the 
entry. 

ENTRY_DATA   The data contained in the entry 
 
B) Clustering Algorithm 
 
A partitioning algorithm partitions a dataset of n objects 
into clusters (k<=n). The K-Means and K-medoids 
methods are well known partitioning algorithms. The K-
Means algorithm is a centroid based technique in which 
the cluster similarity is measured in regard to the mean 
value of the objects in a cluster (i.e. each cluster is 
represented by the centre of the cluster. Strength of the k-
means is that it is relatively efficient with a complexity 
O(tkn), where n is number of objects, k is number of 
clusters, and t is number of iterations. It often terminates 
at a local optimum. 
 
The basic steps of clustering are defined here under. 
Step 1 Accept the dataset with n number of data values 
Step 2.  Define the number of clusters called K.  
Step 3.  Determine the centroid of the data set. 
Step 4.  Take each sample in sequence and compute its 

distance from the centroid of each of the clusters 
and group these K clusters according to the 
distance from centroid of the cluster. 

Step 5.  Check for some common data set in each group. 
If there is some such value, eliminate them.  

Step 6.  Repeat the process from Step 2 till all items are 
not collectively categorized. 

Step 7.  Exit 
 
Once the clustering is performed, the next work is about 
to analyze each software module separately for the error. 
The error analysis is here defined in terms of Mean 
Squared Error. Based on this error anlaysis, the 
identification of critical modules is done based on error 
density and the error criticality. 
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4. Results 
 
The presented work is implemented in matlab 7.8 
environment. The results obtained from the system are 
given as under 

 
 

Figure 1: Fault Analysis in C Means Clustering 
 
Here figure 1 is showing the results of fault occurrence in 
a software project. Here the fault criticality is between 0 
and 1. Higher the bar more critical the fault is. 
 

 
 

Figure 2: Fault Analysis in KMeans 
 

Here figure 2 is showing the results of error analysis in 
case of K Means Clustering.  
 
 
 
 

5. Conclusion 
 
In this present work a clustering approach is been defined 
to analyze the software quality. The work is based on the 
modular analysis under the error criticality and error 
density analysis. Once the modular information is 
identified, at the final stage, the mean absolute error is 
been used to identify the error criticality over the system. 
The result shows that the presented work has done the 
significant improvement while performing the analysis.  
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