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ABSTRACT

The objective of software testing is to find the maximum number of errors as early as possible in the software
development phase. Software testing ensures the quality of the source code and testing authenticates the incorrectness of
the program. The detection of flaws in the C++ source code which leads to logical errors are identified. The code is
improved by automatically detecting the defects which are not detected by the compiler. The users are relieved from the
liability of detecting these defects. These frameworks of defects are automatically extracted from the C++ source code by
analyzing the object oriented applications. The piece of code contains defect are found and feature values are assigned for
training the system. The feature values of defects and non-defect programs are converted into attribute relation format file
which constitutes the data set. Machine learning algorithm was used to classify the fault and non-fault statements in the

object oriented applications.

Keywords: object oriented applications, machine learning, ADTree, training, fault prediction, WEKA.

INTRODUCTION

Faults may occur in any circumstances of the
program which causes malfunctioning and prevents the
realization of expected or previously specified results. All
the translators are not furnished to identify all kinds of
faults. A C++ code snippet can be tested to improve the
confidence by revealing probable flaws or deviations from
user's requirements. In this paper various rules were
developed which automatically detects the faults C++
programs. Machine learning algorithms were used to
detect the faults.

Fault identification in a program begins at the
lowest level with unit testing, and progresses towards the
integration testing where the units are tested together to
ensure that they interacts correctly. The various tools for
testing object oriented programs and various testing
techniques are presented. The paper is organized as
follows: The various existing survey is discussed in section
2, machine learning based methodology for testing the
object oriented applications is explained in Section 3, the
results discussions are illustrated in Section 4 and the
Section 5 Concludes the proposed work.

EXISTING WORKS

Software testing techniques are classified in to
black box and white box categories. Black box testing
determines whether the program meets its functional and
non-functional requirements without regard to its
implementation. Functional test cases are constructed
based on the specification of the unit. Black box testing is
achieved by some ways like boundary value analysis and
equivalence class partitioning and graph based testing

White box testing examines the procedural details
of the unit. It tests the statements, branches, control flows
and dataflow of the source code without any reference to

the specification. Coverage criteria are applied to
determine the code coverage of the unit. Basis path testing
and control structure testing are some of the white box
testing methods. Basis path testing is performed using the
flow graph. McCabe’s cyclomatic complexity is used to
find the upper bound of the test to be conducted over the
software. Condition is testing, data flow testing and loop
testing fall under control structure testing. These
traditional testing techniques are not adequate for testing
the object oriented software.

Extensible Markup Language (XML) helps data
exchange in business applications. Verifying the accuracy
between these objects is done through object mapping [1].
The discussed works detect defects which lead to logical
and execution errors in object oriented languages. The
author [2] performed static testing for finding the
inheritance related bugs and property errors in the product.
Code analysis extracts the code for testing, and data flow
testing was based on the bug analysis of the program.

Bayesian network model [3] relates object
oriented software metrics to software fault content and
proneness. They addressed the internal product and
external quality metrics. Wrong usage of formal
parameters lead to logical errors. The author [5] identified
defects in hybrid inheritance, runtime polymorphism,
member function call, conditional statement and function
overriding. Also dangling reference problem was
addressed and missing address and new operators were
identified in C++ applications.

Data flow testing was performed by [6] using the
state based testing. Various algorithms [7] were developed
for the detection of defects in GUI applications. Eclat tool
generates the test cases and classifies the test inputs in the
JAVA program [8]. The author [9] represents the actions
of the GUI applications as a tree and each sub-tree denotes
one or more test cases. A group of strongly related
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components are macro components which have high level
operations.

The user interface testing tool (UITT) was
developed using GUI testing modeling language (GTML)
based on Extended Backus Naur Form (EBNF) grammar,
for testing JAVA swing based applications. They tested
the swing, classes, visual macro model editor and word
processor components.

The relationship between object oriented metrics,
the prediction accuracy of the machine learning classifier
and fault detection on open source software [10] has been
performed. Algorithms were designed [11] to identify the
defects in graphical user interface widgets. Machine
learning is the application of algorithms which makes the
machine to learn through experience. Machine learning
algorithms [12-13] are used in complicated domains where
human effort is insufficient.

The supervised and unsupervised learning
algorithms are used for classifying the complex data. The
unsupervised learning algorithms do not use class labels
for training. The detailed survey [14] explains the various
machine learning based testing. Supervised machine
learning models are trained with class labels. The authors
[15] used various machine learning algorithms to reveal
the faults.

MACHINE LEARNING BASED OBJECT
ORIENTED TESTING

To overcome the problems in the existing system
machine learning based approach was used for finding the
faults in the object oriented applications. Various object
oriented programs were collected from the bench mark
suite.

All the C and C++ programs were analyzed for
faults which are not identified [5] by the compiler. The
use case diagram for identifying the faults in object
oriented applications is shown in Figure-1.
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Figure-1. Use Case diagram for identifying the faults in
object oriented applications.

Finite automata and regular expressions were
used to analyze the source code of the object oriented
applications. Code constructs are evaluated for finding the
violations. Feature values are assigned to the code
fragments which leads to logical errors undetected by the
compiler. The construction of the feature values with the
class label is used to train the machine learning based
testing system. The machine learning tool kit WEKA, data
mining algorithm is used to train the fault prediction
system.

Training the Fault Prediction System

Machine learning algorithms such as data pre-
processing, classification, regression, clustering,
association rules, and visualization are used in data
mining. To find the faults in the object oriented programs
data pre-processing and classification algorithms are used
in the proposed work. All the attributes are preprocessed in
the training instances.

Attribute Table is a collection of data set for
applying data mining tasks. The Table-1 describes
features, feature values and the result of the prediction
system for identifying the faults. If non-fault was
identified from the source code, “correct” is the feature
value for the “result” attribute, Otherwise if fault is
identified then “Fault” is the feature value of the for the
“result” attribute which is the target label of the machine
learning system.
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Table-1. Feature values and the class label for the training data set.

Program Constructs | Syntactic Features Feature Value Result
Variable 1 Correct
Open Bracket 1 Correct
Array Positive Value 1 Correct
Close Bracket 1 Correct
Others 2 Fault
Keyword 1 Correct
Space 1 Correct
Char Variable 1 Correct
Equal 1 Correct
String 1 Correct
Others 2 Fault
Keyword 1 Correct
Throw sz_:lce 1 Correct
String 1 Correct
Others 2 Fault
Keyword 1 Correct
Open Bracket 1 Correct
Argl 1 Correct
If, while, for Condition 1 Correct
Arg2 1 Correct
Close Bracket 1 Correct
Others 2 Fault

Bench mark suite was taken to build the training
data set for fault prediction system. The various program
constructs such as Array, Character, Throw, If, While and
for are analyzed for faults. The syntactic features for the
various program constructs and their corresponding feature
values are listed. The result attribute, which is the target
label for the machine learning algorithm is listed in Table-
1. These program constructs are analyzed for faults in their
syntactic features such as keyword, space, open bracket,
positive array values, variable, equal operator, string,

arguments, conditional operators, close bracket and
increment operators. The Table-2 is the sample of valid
and invalid training instances to build the fault prediction
system. The construction of the training data set is shown
in Figure-2 which was developed using C#. The C#
analyse system build the large training data set for finding
the faults in the object oriented system. The algorithm
Alternate Decision Tree (ADTree) is used to train the
system.
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Table-2. Training data set for the object oriented systems.
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Char 111 ? 2111112 ?2|?]°? ? ? Fault
Throw 1)1 ? 20?21?2110 ?]7? ? ? | Correct
throw 111 ? 20?21?2122 ?]°? ? ? Fault
If 1(7? 1 21?21?21 ?211]1]1 ? 1 | Correct
If 1(7? 1 21?21?21 ?211]2]1 ? 1 Fault
while 1] 7? 1 21?21?21 ?21111]1 ? 1 | Correct
while 1] 7? 1 21?21?21 ?211]2]|1 ? 1 Fault
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Figure-2. C # Fault analysis system.
The result model of the machine learning
classifier is shown in Figure-3.

-

Figure-3. ADTree machine learning classifier.

Experimental Results

The untrained Program under Test (PUT) is
applied to the fault prediction system. The attribute file
format is constructed for the prediction system. The class
label is set as “?” for the testing instances. This testing
instance is applied to the training data set. The attribute
file format of the program under test shown in Figure-4.
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@relation train-test

@attribute keyword numeric
@attribute space numeric
@attribute open bracket numeric
@attribute positive numeric
@attribute variable numeric
@attribute equal numeric
@attribute string numeric
@attribute argl numeric
@attribute condition numeric
@attribute arg2 numeric
@attribute increment numeric
@attribute close bracket numeric
@attribute result{correct, fault}
@data

1,1,2,2,2,2,1,2,,2,2,2,?

1,1,2,2,2,2,1,2,2,2,2,22

1,12,2,22,12,2,2,2.2,?

1122222222222

1212222111217

Figure-4. Attribute file format of testing data sample.

The ARFF view of the test data of program under
test is shown in Figure-5. The attributes which are not
available and the class label are marked as “?”, hence the
corresponding slots are empty in the ARFF view.
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Figure-5. ARFF view of test data of program
under test.

The designed fault prediction system evaluate
and analyze these testing instances and detect the faults
and correct program statements using the training data set.
The ARFF View of predicted faults is shown in the Figure-
6. The “predictedResult” attribute shows the classification
of program constructs in the object oriented programs.
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Figure-6. Predicted result of program under test.

The tree view of the machine learning classifier
and the Region of Characteristics (ROC) curve is shown in
Figures [7-8].
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Figure-7. Tree of the program under test.

The analysis the performance of the data set
classification by the ADTree machine learning classifier is
shown in Figure-8. That visualization of the attributes and
based on the data values is displayed as Threshold Curve.
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Figure-8. ROC of the data set.
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CONCLUSIONS

The objective has been achieved by detecting
defects in C++ source code which leads to logical error.
The proposed fault prediction system classifies the
program constructs in to correct and fault statement which
is not detected by the compiler. Traditional object oriented
testing methods takes more time to detect the faults if the
Lines of Code (LOC) is very high. This issue is resolved,
while applying the machine learning algorithms with the
existing system. An attempt has made to reduce the defect
detection rate.
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