
IJCST  Vol. 5, ISSue 2, AprIl - June 2014

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  455

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Identifying Errors in Software Modules by Using 
K-Means Clustering Algorithm

1Pusparaju Mellaki, 2S.Bosubabu, 3M.Srinivasa Rao
1,2,3Dept. of CSE, VITAM College of Engineering, Anadapuram, Visakhapatnam, AP, India

Abstract
Unsupervised techniques like clustering may be used for fault 
prediction in software modules more so in those cases where 
fault labels are not available. In this paper Quad Tree-based 
K-Means algorithm has been applied for predicting faults in 
program modules. The aim of this paper are twofold. First Quad 
Trees are applies for finding the initial cluster centers to be input 
to the K-Means Algorithm. Input threshold parameters govern 
the number of initial cluster centers and by varying the user can 
generate desired initial cluster centers. The concept of clustering 
is gain has been used to determine the quality of clusters for 
evaluation of the Quad Tree-based initialization algorithm as 
compared to other initialization techniques. The clusters obtaines 
by Quad Tree-based algorithm were found to have maximum 
gain values. Second the Quad Tree-based algorithm is applied for 
predicting faults in program modules. The overall error rates of 
this prediction approach are compared to other existing algorithms 
and are found to be better in most of the cases.
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I. Introduction
K-Means clustering is a nonhierarchical clustering procedure in 
Which items are moved among sets of clusters until the desired 
set is reaches. The partitioning of data set is such that the sum of 
intracluster distances is reduces to an optimum value K-Means 
is simple and a widely used clustering algorithm.
The Quad Tree-based method assigns the appropriate initial cluster 
centers and eliminates the outliers hence overcoming the second 
and third drawback of K-Means algorithm. In this work we focus 
on a practical problem that occurs when the fault data for modules 
are not available. To solve this challenging problem, researchers 
have applies a combination of clustering techniques to cluster 
modules and this process was followed by an evaluation phase 
of an expert.
The overall error rates of this prediction approach are compares 
to other existing algorithms and are found to be better in most of 
the cases. Clustering gain values for the best cluster by K-Means 
and by Quad Tree-based algorithm are very close thereby proving 
the effectiveness of the algorithm.

II. Exixting System
In this study we focus on a practical problem that occurs when the 
fault data for modules are not available. To solve this challenging 
problem researchers have applied a combination of clustering 
techniques to cluster modules and this process was followed by an 
evaluation phase of an expert who was an experience engineer and 
labeled each cluster as fault-prone or not fault-prone by examining 
not only the representative points of each cluster but also some 
statistical data such as global mean median, and percentile of 
each metric.
The objectives of this paper are as follows: First Quad Trees are 
applied for finding initial cluster centers for K-Means algorithm. 
By varying the value of threshold parameter a user can generate a 

desired number of cluster centers to be used as input to the simple 
K-Means algorithm. Second the Quad Treebased algorithm is 
applies to predicting faults in program modules.

III. Proposed System

A. Quad Tree
A Quad Tree in two dimensional spaces is a 4-way branching tree 
that represents recursive decomposition of space using separators 
parallel to the coordinate axis. At each level a square subspace 
is divided into four equal size squares. This data structure was 
named a Quad Tree by Finkel and Bentley in 1974.

B. The Proposed Initialization Algorithm
Parameters and Definitions 
MIN: user defines threshold for minimum number of data points 
in a sub bucket.
MAX: user defines threshold for maximum number of data 
points in a sub bucket  user specified distance for finding nearest 
neighbors.
White leaf bucket: a sub bucket having less than MIN percent of 
data points of the parent bucket.
Black leaf bucket: a sub bucket having more than MAX percent 
of data points of the parent bucket.
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These neighborhoods sets will now be expanded to include the 
ᴕ nearest neighbors ofci. This is done in lines 14-20, where we 
select an unmarkes center ck, mark it, find its -nearest neighbors 
and include them in the set Ri. After one neighborhood set is 
exhauste in lines 21-22 the mean of all centers in Ri is calculate 
and include in the set of cluster centers C.
Complexity of the algorithm: The complexity of generating the 
black leaf buckets is (b+1)ᴗc where the depth of the tree is b, 
v is the number of data points and c is a constant. Lines 12-24 
generates the neighborhood sets of the m black leaf buckets and 
this takes O(m2) time.

IV. Results

A. Data Sets
We conducte experiments on four real data sets to test our 
algorithm. These data sets are: AR3, AR4, AR5 available at and 
Iris data set Of these the first three data sets are related to software 
fault prediction. The synthetic two dimensional two class data sets 
(SYD1 and SYD2) have been taken to illustrate the initialization 
algorithm. Out of the total of 163 data in SYD2 10 data have been 
introduced as noise. Descriptive statistics for all the synthetic data 
sets are given in Table 1.

Table 1: Descriptive Statistics for all the Data Sets

B. Metric Thresholds
In order to determine acceptable metrics thresholds there are three 
methods describes as follows:

Experience and Hints from literature: The thresholds values 1. 
are specified according to the empirical researchers previously 
introduced in the literature.
Tuning machine: This approach uses a repository of 2. 
problematic items. Accordingly there are chosen threshold 
values that maximize the number of correctly detected 
items.
Analysis of multiple versions: This method does not 3. 
parameterize a strategy with several thresholds but adds an 
important time viewpoint for each suspected entity.

C. Evaluation Parameters
A confusion matrix is formes as in Table 2. The Actual labels 
of data items are place along the rows while the predictes labels 
are placed along the columns. If a not faulty module is predicted 
as nonfaulty then we get the condition of cell A which is True 
Negative and if it is predicted as faulty then we get the condition 
of cell B which is False Positive.

Table 2: Confusion Matrix

The following equations are used to calculate these FPR, FNR, 
Error and Precision.

In this paper for calculating the evaluation parameters if any metric 
value of the centroid data point of a cluster was greater than
the threshold that cluster was labeled as faulty and otherwise it 
was labeled as nonfaulty. After this the predicted fault labels were 
compared with the actual fault labels.

D. Gain
The optimal number of clusters is said to occur when the intercluster 
distance is maximize and the intracluster distance is minimize. The 
clustering gain attains a maximum value at the optimal number 
of clusters.

E. Experimental Setup and Results
Table 4 fifth column presents the gain values obtaine by applying 
QDK algorithm on various data sets. To be able to compare our 
clustering quality with the K-Means algorithm we adjusted the 
threshold parameter ᴕ to obtain the same number of clusters (3 for 
AR3, 3 for AR4, 2 for AR5, 3 for Iris, 3 for SYD1 and 4 for SYD2) 
which gave maximum gain values for K-means algorithm.
Table 3 presents the prediction error analysis for the QDK approach 
as compared to other approaches namely two stage approaches 
with simple K-Means with six attributes (KM), Catal et al. Two 
stage approach (CT) [1], Catal et al. Single stage approach (CS) 
[1], Naı¨ve Bayes (NB) and Linear discriminant analysis (DA). 
QDK, KM, CT and CS approach as well as NB and DA have 
considered six attributes from the mentioned data sets.
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Table 3: Software Fault Prediction Error Analyses

Table 4: Various Results of Different Initialization Techniques

V. Conclusion
In this paper we have evaluate the effectiveness of Quad Tree-
based K-Means clustering algorithm in prediction faulty software 
modules as compare to the original K-Means algorithm. Quad 
Trees are applies for finding the initial cluster centers for K-Means 
algorithm. In case the user intends to form a desires number of 
clusters for K-Means algorithm the Quad Tree-based algorithm 
can give K initial cluster centers to be used as input to the simple 
K-Means algorithm. This is facilitated by varying the value of the 
threshold parameter which is input to the Quad Tree algorithm. In 
fact in the case of AR4 and AR5 data sets the overall error rates 
of QDK are comparable with the supervise learning approaches 
NB and DA. The number of iterations of K-Means algorithm is 
less in the case of QDK except for AR5 and the SSE as well as 
percent Error also give fairly acceptable values.
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