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Abstract

The Euclidean distance and correlation measured by comparing the line executed by the test case to find the similarity
of the test cases. The test cases have the lowest value of distance means highly similar and possible executing a
similar line or path. The research tries to eliminate redundant test cases based on that similarity. Several redundant
test cases are eliminated to get the best test cases. By Euclidean distance, the research can eliminate a similar test

case on the test suite.
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1. Introduction

The definition of the test case by IEEE is a set of test
inputs, execution conditions, and expected results
developed for a particular objective, such as to exercise a
particular program path or to verify compliance with a
specific requirement!. Test case repository or test suite
may contain redundant, ambiguous, vague, and unfit test
cases®. Using the test case similarity check on the test
suite will decrease the redundant test cases.

The Euclidean distance is used to calculate many cases
of similarity. The distance similarity between the test
cases with the same length can be calculated by summing
the ordered point-to-point distance®. The problem with
the similarity of the test cases used the distance
measurement is not checking the code coverage of the
test case. The code coverage needs to check to confirm
that each line of code executed on the testing process®.

The white-box testing consists of analyzing the source
code in order to guide the selection of test data uses
several methods and concerns the internal logic of source
code. Basis path testing guarantees that the test case

executing every statement in the program at least one
time during testing’. Using a given test suite on the source
code throughout the software testing process helps to
understand the code coverage °.

This research enhances the previous research on test
case redundancy’ which combines preprocessing on test
case similarity. In the previous research, the redundant
test cases are investigated by path coverage using all the
test cases on the test suite. The duplicate test case must
be eliminated before investigating the redundant test case
by path coverage to reduce the number of test cases on
the test suite. The elimination of redundant test cases is
to reduce the number of test cases on the test suite by
using the Euclidean distance score. After that, code
coverage on test cases is investigated using path coverage
to eliminate redundant test cases and the best test cases
on the test suite are acquired to achieve 100% code
coverage.

2. The Principle of Redundant on Test Case

The consequence of redundant test cases is many test
cases with no use. The redundancy will increases the
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Figure 1. Concept of redundant test cases

the testing effort, cost and time of testing®. The
fundamental concept of a redundant test case on code
coverage will illustrate uses a union of sets on a
mathematical approach. The test cases in the test suite
may cover one or more code coverage. The research will
identify redundant test cases based on coverage
information using the line of code executed by the test
cases.

The Venn diagram will be used to illustrate the concept
of redundancy in Figure 1. The example, there are 5 test
cases (TC-1, ..., TC-5) that intersect with each other. The
intersect means that some or all coverage from the test
case containing another test case.

In Figure 1, there are 3 test cases (TC-1, TC-2, TC3)
that have an intersection with other test cases. There are
2 redundant test cases because the coverage of the test
case is already covered by another test case’. Finding and
eliminating redundant test cases will increase the
effectivity of the testing process.

3. Euclidean Distance

The experiment using the Euclidean distance calculation
to find the similarity among the test cases on the test
suites. The distance score on Euclidean is fiddling around
with distance measures for some time especially with
regard to profile comparison methodologies!®.

d= \/zle(vli - %) )
The equation 1 is the Euclidean formula for calculating

the distance between the two variables. Euclidean
distance can calculate the similarity of the objects such
as two person’s profiles, a person and a target profile, in
fact basically any two vectors taken across the same
variables!?.

Identifying the similarity of a test case on the test suite is
critical. Similar test cases in the test suite might repeat
the same testing phase. The experiment tries to identify
similar test cases by the distance score and then removing
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the several test cases. The lowest score of the similarity
means that the test cases have highly similar.

4. Methodology

The experiment suggests using distance and correlation
measurement as preprocessing to minimize the number
of test cases on the test suite. The distance and correlation
measurement on the pre-processing is to calculate the
similarity among the test case that already executed on
the source code. The step by step preprocessing describes
in Figure 2. The result from preprocessing is a new test
suite without the similarities on the line executed by the
test case.

The next step is to find the redundant test cases based
on path coverage to ensure that the test suite achieves 100%
code coverage. The path coverage is used to find the code
coverage of the test case which already cover or under
coverage by another test case. The coverage matrix and
coverage score used to know the relation between the test
case and path. The step by step to find redundant test
cases based on the path coverage describes in Figure 3.

5. The Experiment

The experiment examines code coverage on the java
source code with if-condition as shown in Figure 4.
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package nestedif;
import java.util.Scanner;
public class IFCond {
private static Scanner input;
public static void main(String[] args) {
int score;
input = new Scanner(System.in);
System.out.printIn(*" Please Enter you Score: ");
score = input.nextint();
if(score>=90 && score<=100){
System.out.printIn("Your Grade is A"™);
} else if (score<90 && score>=80){
System.out.printin("Your Grade is B");
} else if (score <80 && score >=70){
System.out.printIn("Your Grade is C");
} else if (score <70 && score >=60){
System.out.printIn(*Your Grade is D");
} else{
System.out.printIn("You Faild on this class, try
next year");

}
N

Figure 4. Java source code with if-condition.

Table 1. Example of the result of the test case executed

Test case Result of the test case

name
TC-1 0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,1,0;
TC-2 0,0,0,0,0.0.1,1,1,1,0,1,0,1,0,1,0,1,1,0,1,0;

Table 2. Example of the test case distance measurement by
Euclidean distance

Test case distance Distance score
1&2 2.4494897
1&3 2
1&4 2

The given test suite consists of 10 test cases that already
executed on java source code. The result of executing the
test cases used in the experiment is line executed.

Table 1 shows the data from the test case, TC-1 is the
name of the test case. The value of the test case result
consists of the lines executed by the test case. The 0 value
means that the line on the code is not inspected by the test
case and 1 means that inspected.

The first process of the experiment is to find a similar
test case uses Euclidean distance from the test suite to
reduce the number of test cases. The example of the result
is shown in Table 2. The distance score defines the
similarity among the test case. The value of the distance
score is 0 means that the test case is definitely similar.
The experiment can remove several test cases to
eliminate a similar test case.

The new test suite without a similar test case will be
used on the next step. Before investigating the redundant
test cases based on the code coverage using the path
coverage method, the experiment generated
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Figure 5. Flow graph of the if-condition java source code

Table 3. Result of coverage matrix

Path Subset
P1 S1=(TC-1)
P2 S2=(TC-8)
P3 S3=(TC-4)
P4 S4=(TC-5)
P5 S5=(TC-2, TC-6, TC-7)

the control flow graph and the possible path of the if-
condition java source code as shown in Figure 5.
Based on the flow graph, the path of the source code is as
follow:

e Path-1 (P1): 1-2-3-3.1-End

e  Path-2 (P2): 1-2-3-3.2-4-4.1-End

e Path-3 (P3): 1-2-3-4-4.2-5-5.1-End

e  Path-4 (P4): 1-2-3-4-5-5.2-6-6.1-End

e  Path-5 (P5): 1-2-3-4-5-6-6.2-7-End

The new test suite is investigated to the path and the
result using on coverage matrix and coverage score
calculation. The coverage matrix describes the possibility
of the test case on the path. On the other hand that one
path may be investigated by no one or more than one test
case such as shown in Table 3.

The coverage score is calculated by the coverage
matrix result. The coverage score describes the number
of paths executed by the test case divided by all number
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of paths. The example result of a coverage score below
contains coverage score (CS) on TC-n and then using the
coverage score calculation.

1. CS(T1)=1/5=0.2

2. CS(T2)=1/5=0.2

Identifying the subset of the test cases used the
coverage matrix and coverage score to guide on selecting
the final test suite without a redundant test case.

6. Result and Discussion

The experiment uses the pre-processing to find a similar
test case based on the score of the distance. The result of
distance calculation using Euclidean distance with
distance score 0 are TC-2 & TC-6,TC-2 & TC-7, TC-3 &
TC-9, TC-3 & TC-10, TC-6 & TC-7 and TC-9 & TC-10.

Several test cases must be eliminated to find a unique
test case. The experiment will select and delete several
test cases by random. This is the step to select the test
cases.

(i) TC-2==TC-6, TC-6 Deleted, Result: TC-2
(il)) TC-2==TC-7, TC-7 Deleted, Result TC-2
(iii) TC-3==TC-9, TC-9 Deleted, Result TC-3
(iv) TC-3==TC-10, TC-10 Deleted, Result TC-3
(v) TC-6==TC-7, already deleted.

(vi) TC-9==TC-10, already deleted.

The result of the selection of similarity test cases is TC-
2, TC-3 and test case deleted is TC-6, TC-7, TC-9, TC-
10. The test case elimination by the distance score is not
considered the test case code coverage. The result of the
selection test case similarity then uses to check the path
coverage of the test case to ensure the code coverage.
The new test suite consists of TC-1, TC-2, TC-3, TC-4,
TC-5, TC-8. The result after the elimination of a similar
test case, only 6 test cases need to verify the redundancy
and TC-3 is redundant. The redundant on this condition
because of the TC-3 is covered by another test case. The
result of the new test case can achieve 100% code
coverage is TC-1, TC-2, TC-4, TC-5, TC-8.

7. Conclusion

The research confirms the number of redundant test cases
on the test suite is reduced because of the similarity. The
current research eliminates a similar test case before
checking the redundancy of the test case based on path
coverage. In the experiment, the new test suite selected
by Euclidean distance that must be verified on

redundancy by path coverage is reduced by 40% and also
satisfy 100% code coverage with 1 test case redundant
that analyzes by path coverage.

Elimination of test cases based on coverage
information does not guarantee to keep the fault detection
capability of a given test suite. Future research is needed
to consider the similarity in fault detection capability of
test cases for the purpose of redundancy detection.
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