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1. Introduction

The behavior of a fault plays significant role in deciding the order 
in which it should be retrieved. A fault may be detected by many 
test cases and vice versa. Software maintenance is one of the most 
expensive phases of software development [1, 8, 11, 12, 14, 17]. 
After making the required modifications in the software, 
regression testing is performed to check that (i) the changes made 
in the software do not lead the system to any undesirable 
behavior [11] and (ii) the changes made in the software meet with 
the current requirements of the system.  In order to assure (i) and 
(ii), software should be tested with all existing test cases along 
with the test cases generated for the changed part of it [4].

Most of prioritization techniques mentioned in current studies 
are based on fault - exposing potential (FEP) of test cases. A test 
case may detect different faults and a fault may be detected by 
many test cases. While prioritizing test cases for regression 
testing, test cases are arranged in the test suite according to 
descending values of FEP and are executed in the same order. At 
the time of prioritization, FEP plays significant role in deciding 
the priority value of a test case in test suite. Other prioritization 
techniques are based on the coverage potential of test case. A test 
case that covers maximum functions, classes or code fragments 
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of software program within minimum time have highest priority 
in the prioritize test suite. If two or more test cases cover same 
amount of source program, a tie is broken and that test case is 
assigned highest priority which covers the critical sections of 
software [6]. Whether a part is critical to software application or 
not is defined by its usability and importance. 

Due to limited time and other cost constraints, exhaustive testing 
is not feasible in maintenance phase. Therefore, most promising 
test cases are selected from test suite for execution. Different 
researchers have suggested different test case prioritization 
techniques. Some common techniques proposed are Average 
Percentage of Fault Detection (APFD) based prioritization, 
random test case prioritization, optimal test case prioritization 
and coverage-based prioritization.

In order to reveal a fault, that test case should be executed which 
detects it in minimum possible time. In proposed technique, the 
faults are revealed in the ascending order of their total detection 
time. The results of the comparative study conducted are 
encouraging as the proposed technique performs equally well to 
the parallel techniques APFD, and OTCP with minimum 
number of random test case selection.

2. Review of Literature

In some comparative studies [14,15] the metrics, (i) Average 
Percentage of Fault Detection (APFD) and (ii) total Fault- 
Exposing Potential (FEP) are used for measuring the 
effectiveness test case prioritization. From the experimental 
studies, it has been observed that most of the times total FEP 
coverage based test case prioritization techniques perform better 
than rest of the techniques mentioned in their studies, though 
results could not be generalized due to varying efficacy of 
techniques from one program to another. The metrics TIM 
(Testing Importance of Module) also plays significant role in 
prioritization of test cases [6]. In [6], while prioritizing the test 
cases of a test suite both TIM and fault proneness of the test case 
were taken into consideration. The main advantage of the 
proposed approach is that it can be applied to perform testing of 
new software or software after maintenance. Since it deals with 
the importance of a module, the algorithm proposed is more 
realistic.

Jiang [3] et al. conducted different  empirical studies to find how 
a subset of test suite with high priority value helps in fault 
localization. They considered continuous integration of software 
for locating fault at early stage of software development. By 
conducting various empirical studies on different types of 
software it has been observed that coverage-based strategies for 
prioritizing test cases of a test suite outperform the other 
strategies in continuous integration testing. For testing software 
in realistic environment, the field data is leveraged from the 
users and software is test with the collected field data [9]. This 
method is very effective but due to non-availability of all types of 
users, data collected is not sufficient to generalize the results. For 
business-oriented applications Mei [7] et al. proposed a 
technique for prioritization of test cases. This study takes human 
behavior of developer into consideration while the software is 
maintained. Human behavior is generally underestimated by 
test case designer. Under such circumstances, for the successful 
software maintenance, the implementation of coverage based 
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test case prioritization techniques for regression testing is 
required. The results of experimental study conducted have 
shown that by taking significance of an artifact into 
consideration, efficacy of regression testing can be improved.

Park [10] et al. proposed historical value-based cost-aware test 
case prioritization approach. The main metrics considered in this 
study is Average Percentage of Fault detected per cost (APFDc). 
Their approach mainly depends on the historical value of the test 
case and the fault severity of the same. The experiment set up 
considered in the paper is based on open-source Java software 
ant. The cost effectiveness of a test case at any time is estimated on 
the basis of the previous value of the test case and its fault 
severity. The main contribution of this paper is that it considered 
the critical sections of software.

Mark Sherriff [19, 20] et al. proposed a change impact analysis 
approach to prioritize the test cases for regression testing. They 
used Singular Value Decomposition (SVD) technique to find the 
structure of the file association clusters and the amount of 
variation done by this cluster in the original system after a 
change. U and V matrices provide the information about the file 
association clusters and the values from S represent the 
variation. A large value of variation signifies that the cluster is 
problematic and it requires rigorous testing. This technique has 
been found quite satisfactory if the level of granularity is file and 
provides encouraging results. But nowadays, the granularity 
level has been grained to code fragment level [13] for more 
precise output. 

Engstrom [2] et al. conducted a systematic review of almost all 
regression test selection techniques proposed by different 
researchers from calendar year 1969 to 2006. The review reported 
38 studies with 32 techniques.  Some techniques evaluated in the 
review were found software specific. This study gives the insight 
view of regression testing selection technique. After studying 
each technique mentioned in the review, it has been observed 
that some of the techniques are more frequently used as 
compared to others. It has been further observed that there is no 
such test selection technique which fulfills all the requirements of 
regression testing.    

Sebastian [17] et al. conducted a set of empirical studies that aim 
to find (i) the effectiveness of prioritization techniques to specific 
modified version, (ii) to find the trade-off between fine 
granularity prioritization techniques and coarse granularity 
prioritization techniques. From the empirical studies, based on 
various open source utilities, it has been observed that fault 
proneness measure of a test case plays significant role in 
prioritizing a test case. The analysis results indicate that version 
–specific prioritization can improve the rate of fault detection 
significantly.

3. Research Methodology

The major challenge to perform regression testing is the time 
budget allotted [21]. An efficient test case selection technique is 
always desirable that detects maximum faults in the given time 
budget. In most of the studies conducted in this direction, the 
subset of prioritized test cases contains those test cases that have 
high values of FEP. Test cases are arranged in descending order 
of their FEP values and they are executed in the same order. In 
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After the execution of proposed SIM algorithm described in 
Figure 1, the prioritized test suit P will contain test cases T , T , 5 2

T /T  to reveal all faults.1 4

the current study, a test case selection technique has been 
proposed that re-order test cases in the test suite such that a fault 
which has been allotted minimum time for its detection in the test 
suite is detected first. 

It has been assumed that if a test case detects m faults in n 
seconds, then one fault will be detected in n/m seconds. If a fault 
is detected by more than one test case, the total time allotted to 
detect that fault will be the sum of the times allotted to all test 
cases and that test case will be considered for final execution 
which detects the fault in minimum time. A tie is broken 
arbitrarily. The simple algorithm SIM proposed for this purpose 
has been presented in Figure 1. 

3.1 SIM Algorithm:
Input: A test suite T, set of fault yet to detect (TF), time 
budget (TB)

Output: Prioritized test suite (P)

1. Repeat (step 2- step 6) until TF is empty  and t >TB
2. Select fault F  from TF which takes least time for executioni

3. If F  is detected by more than one test case say T  and T , select i i j

the one which detects it with minimum time. Let the test case 
selected be Ti

4. Include test case T  to Pi

5. Minus fault F  and other faults detected by test case T  from i i

TF. Add time t  to ti

6. Minus T  from Ti

Fig. 1: SIM Algorithm

4. Objectives

The main objective of this comparative study is to analyze the 
effectiveness of SIM algorithm for prioritization of test cases.

1. To analyze how the effectiveness of the techniques varies 
with time budget.

2. To analyze which technique performs better under strict 
time constraints.

5. Major Findings

The results of the comparative study are based on an example of 
test suite tabulated in Table 1. The test suite example has been 
framed without any loss of generality. The comparative results 
show that SIM performs equally well as APFD based 
prioritization and OTCP but the number of random selection of 
test cases is usually lesser than other techniques. Different time 
budget values have been considered for getting better idea about 
the behavior of proposed algorithm in comparison to APFD and 
OTCP technique. 

5.1 Analysis
For the comparative study, a test suite tabulated in Table 1 has 
been taken. The test suite consists of five test cases and when 
executed, it reveals eight possible faults. Further, Fault-Time 
Ratio (FTR) and Promising Test case (PTC) corresponding to 
each fault have been determined with the help of SIM algorithm 
and tabulated in Table 1.

Table 1: Test suits with FTR and PTC
‘1’ means that row fault is detected and ‘0’ means
that row fault is not detected by column test case.

Fig. 2: Effectiveness of APFD Technique
at different Time Budgets

 T1 T2 T3 T4 T5 FTR PTC 

F1 1 0 0 1 0 1.50 T1,T4 

F2 0 1 0 0 1 1.67 T5 

F3 0 1 0 1 0 1.75 T4 

F4 1 0 1 0 1 3.08 T5 

F5 0 0 0 0 1 0.67 T5 

F6 1 0 1 1 0 3.17 T1,T4 

F7 1 1 1 1 0 4.17 T1,T4 

F8 0 1 0 0 0 1.00 T2 
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Fig. 3: Effectiveness of OTCP Technique 
at different Time Budgets
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Fig. 4: Effectiveness of SIM algorithm
at different Time Budgets

The results of SIM algorithm has been compared with other 
parallel techniques APFD based prioritization and OTCP 
technique at three time budgets i.e. 8 seconds, 10 seconds and 12 
seconds. The behaviors of APFD, OTCP and SIM algorithm   at 
three times have been represented in Fig 2, Fig 3 and Fig 4 
respectively.

From the graphs generated, it is clear that proposed algorithm 
detects equal or more faults than APFD based and OTCP 
technique at any given time. Further, in SIM, the possibility of 
random selection of test cases rarely arises as the value of FTR 
calculated for each fault is usually distinct. Though the final 
values of OTCP and SIM are same but still SIM performs better 
and it always gives testers an alternate sequence of test cases that 
generate the same results as other parallel techniques. Also this 
algorithm takes into account the award value of a test case which 
usually changes with the change in test suite T.   

5.2 Results and Discussion
It is evident from the graphs represented in Fig 2, Fig 3, and Fig 4, 
that SIM technique helps in prioritization of test cases and 
competes with two other techniques proposed by different 
researchers. The main advantage of proposed algorithm is that 
contrary to APFD and OTCP, this algorithm rarely assigns same 
value to two faults, which reduce the random selection of test 
cases. It also comments silently on the issue that the priority 
value of a test case is highly dynamic in nature and changes as the 
size of test suite starts changing.
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