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Abstract: Rapid evolution in software requires regression
testing to be performed as an essential activity which validates the
software before the next release. Where software developer may
add or removes intended features to maintain the software
according to the customer requirements. In that case, complete
test cases execution is nearly infeasible due to limited time and
resources. So, themain aim of prioritization isto test any software
with minimal time and maximum efficiency in terms of fault
coverage rate. This paper proposed different similarity-based
prioritization techniquesto provide ranking to the test cases based
on their influence level which is computed as similarity degreein
three levels for the software to be tested. Each level representsthe
integration of selected coverage criteria’s. In order to validate our
proposed technique, we have conducted a case study to measureits
effectiveness in prioritizing the test cases. We experimentally
observed that by incorporating a similarity-based approach with
more than one coverage criteria; results for similarity-based
prioritization are promising than any other conventional coverage
based approaches in terms of Average Percentage of Faults
Detected.

Keywords : Software Testing, Regression Testing, Test case
prioritization, APFD.

. INTRODUCTION

Regron testing ensures that the enhancement of any

software doesn’t affect the performance of the previous one.
Thisisavery complex activity in perspective of time and cost
where more than 50% of the cost is used in the software
maintenance phase [4]. In this competitive world, software
changes rapidly due to frequent advancement required by the
customers. In that case, testing requires a number of existing
and new test cases to be executed to reveal maximum faults
after certain modifications. But to execute a complete test is
impractical within limited time and resources. To solve the
above problem researchers classified test suite optimization
into three main categoriesi.e.
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TCS (test case selection), TSM (test suite minimization)
and TCP (test case prioritization). Several test suite
optimization techniques have been proposed to solve the
above problem. Test case prioritization isone of theimportant
techniques for ranking the test cases with respect to selected
testing criteria. Selection of testing criteriadepends on severa
godls, such as (1) the test cases with higher coverage are
executed earlier (2) to increase the fault detection ability (3)
to decrease the time and cost required for satisfying the
selected coverage goals [1, 5]. The aim of any prioritization
technique is to increase the possibility of meeting certain
criteria by the resultant test suite with earlier fault detection
ability. Coverage-based test case prioritization primarily
concentrates on different code coverage information to
rearranges the order of test cases to reveal maximum faults as
early as possible [1]. However, previous studies show that in
some cases, code coverage as selection criteria is not
sufficient to guarantee a high fault detection rate [6].

In recent years, similarity-based test case prioritization
techniques, combining  clustering  approach  [7],
ART-approach [8] and other similarity-based prioritization
[9], have gained more attention. Similarity-based test case
prioritization techniques primarily concentrated on test case
diversity that helpsto detect more faults[10, 11]. But, most of
the techniques use single criteria to measure the diversity
between test case pairsthat are not sufficient to get an optimal
result. However, the optimal test suite is best generated by
multiple coverage criteria[12, 13, 15, 16, 18].

In this paper, we present several similarity-based
prioritization techniques based on pair-wise selection
strategy. Pair wise comparison of test cases is a fundamental
strategy to inspect test cases and choose an association
between them in afinite test set. Our technique evaluates the
similarity degree for each test case pair in three levels and
accordingly assigns the execution order to the test casesin a
test suite. We also empirically evaluate their improvement in
fault detection rate that let devel opers initiate debugging and
amending faults before the release of any software product.
The results show that some of the proposed techniques can
attain higher fault detection rate, in terms of APFD, in
comparison with the other considered techniques and random
ordering. The rest of the paper is organized as follows.
Section 2 illustrates the background of the proposed work.
After that, we presented our proposed test case prioritization
techniques in Section 3, followed by an experimenta
evaluation in Section 4.
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Finally, we conclude this paper in Section 5.
II. BACKGROUND

A. Test CasePrioritization

Test case prioritization is one of the regression testing
techniques widely used for getting an optimal test suite. The
technique reassures the high fault detection rate of atest suite
by executing essential test cases on priority basis. That results
in earlier detection of faults as well as earlier initiation of
debugging process. The test case prioritization problem is
framed as follows [1]:

Given: atest suite TS; the set of permutations PT of TS;
and, afunction f from PT to the set of al real nhumbers.

Problem: To find TS’ €PT such that,

VTS’ e PT = f(TS’) > f(TS”)

Coverage Similarity

The test case pair is said to be similar, if they are identical
in terms of some selected criteria, where, the criteria may be
coverage aso. Coverage might be a branch, statement,
def-use, control-flow, MC/DC, function, path, and data flow
etc. We can apply more than one criterion to measure the
similarity value, which represents how much the test case pair
isidentical to each other [12, 15]. With the help of coverage
similarity, any prioritization technique can improve the
ordering of test cases which may also increase the fault
detection rate.

I11. PROPOSED APPROACH

Here we introduced the proposed approach in detail which
is primarily divided into four phases:

Instrumentation: Software under test is executed on
predefined environment to gather test case coverage detail
(statement, MC/DC, and branch coverage) for test suite.

Distance calculation: The distance between test case pair
for each criterion are calculated.

Integrated similarity degree calculation: The similarity
values of test case pairs for each criterion are integrated.

Apply prioritization techniques and calculate APFD:
Apply techniques to order the test cases and then evaluate
fault detection effectiveness of prioritized test suite.

A. Test Case Similarity

The objective of the similarity based test suite prioritization
strategy isto order the test cases based on the similarity values
among them. For similarity analysis, certain distance
measures are avail able which helps to evaluate the difference
level between the test case pair [17]. The resultant ordered
test suite must satisfy the coverage requirements as the
origina one. Hence, the goal is to achieve maximum
requirement coverage and higher fault detection rate by the
ordered test cases.

Cartaxo et a. [14] proposed a similarity function as a
comparison metric to find the most similar and diverse test
casesin atest suite.

Similarity function[ij] = nit fAvg(|i]. i (D)

Wherenit representsthe number of identical transition and
(Iil, If]) represents the average transition between path lengths.
With the help of the calculated similarity degree of each pair
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of test cases the n x n square similarity matrix is created,
where n isthe number of paths and each path represented as i
(1<i>n)iscaled atest case.

Coverage: Coverage of any test case (TC) is a set of three
coverage criterial{s,.m,, by} {s.ma. bab...., {s.my. by )l

where (s, m;. b;} signifies a satement coverage
specification s; , modified decision/condition coverage
(MC/DC) m; , and a branch specification by

Let (T) ={s,.50,...5,} M(T) ={m;m, ....m;}, and
B(T) = {b,.b...... b} signify the set of statement coverage
specifications, the set of MC/DC specification, and the set of
branch specification, exercised in the execution of test case t
to validate the software to be tested, respectively. Here
coverage set may be of more than three coverage criteria
which absolutely depend on user’s choice.

Coverage Smilarity: We presented step-wise procedure of
evaluating similarity degree between two test cases T; and T}
i.e. (Step-i) Statement similarity specification (CS-),
(Step-ii) MC/DC similarity specification and statement
similarity specification (CS-1), and (Step-iii) Branch,
statement, and MC/DC similarity specification (CS-111).

Let the Coverage Set of any test case pair T; and T; be
(5:.M;,B;) and (5;.M;.B;) respectively. Let the distance
between statement, MC/DC and branch coverage of the test
case pair T; and T; be m(5;.5;), m(M; M;) and m(EB;. B;) .
Where, the distance is calculated by applying Eqg.1. The
proposed techniques use the ‘Geometric Mean’ to evaluate
the integrated similarity degree for test cases T; and T},
whichis calculated in three steps:

Step 1.
C5—1= m(5.5;) )
Step 2
T
cs—1=" \,1' m($5.5;) % mw(M;, M;) ©)
Step 3:

[
cs—1=" J m(5:.5;) x m(M. M;) x m(B..B))  (4)

However, we demonstrate our techniques using three
criteria, but it is also flexible to simplify the above equations
to function on more than three criteria.

B. Test CasePrioritization

Our proposed technique uses similarity degree between
each pair of test cases to rank the test cases.
Suppose we have a test suite ‘TS’ of ‘m’ number of test cases.
Select all possible pairs of different test cases and divide them
into K different groups. Each group comprising test case pairs
with the same similarity value and it is designated
by & (1 = k = K}, where k represents the group index. A
smaller k specifies al test case pairs of that group having
maximum similarity value.
The proposed similarity based prioritization techniques are
illustrated as follows:
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Fig. 1. Control flow diagram of pushdown procedure

PS1 (Total CSi similarity prioritization): The technique
generates K different groups of test case pairs using their
similarity values CS-i. At firgt, a test case pair of maximum
similarity value is selected and chooses any one test case T
fromthat pair randomly. Continuously all the pairs containing
T were selected from the same group. In case of atie, the
technique arbitrarily picks one pair to break this. Repetitively,
the above processis executed for each group one by one until
every unique test case has been chosen from each group.

P2 (Total CS-i dissimilarity prioritization): The technique
issimilar to PS1, apart from the selection process for test case
pair having minimum similarity values, and the above process
is executed in ascending order for remaining groups.

PS3 (lterative CS-i dissimilarity prioritization): In
descending order (Gpto G;) of the group number, the
technique selects one test case pair from each group.
Excluding the selected pairs, the above selection process
repeats on the remaining groups until every test cases have
been included for prioritization purpose.

P (Iterative CS-i similarity prioritization): This technique
is equivalent to the above technique i.e. PS3, apart from the
test pair selection process from each group is in ascending
order of the group index (G, to Gy} instead of in descending
order.

PS5 (Advanced iterative CS-i dissimilarity prioritization):
The technique selects one test case pair (T,.Ty ) from group
Gy, and then the further test case pairs are selected containing
T, or Ty, if available, from each group in descending order of
the remaining groups (Gy,_,to G, ). Afterwards, the selected
test case pair from the group is to be removed. For each
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remaining group, thistechnique reiterates the above discussed
selection process until all thetest cases have been included for
prioritization purpose.

PS6 (Advanced Iterative CS-i similarity prioritization): This
technique is quite similar to the above technique i.e. PS3,
apart from that the selection process of test case pair from
each group is executed in ascending order of the group index
(Gyto Gy ), instead of in descending order.

IV. EXPERIMENTAL DISCUSSION

This section presents the experimentation and eval uation of
the proposed prioritization techniques. The experimentation
compares the relative performance and effectiveness of the
proposed techniques with some standard state-of-the-art
prioritization techniques [1].

A. Subject Program

Figure 1 presents a control flow diagram of the standard
pushdown procedure [3], a case study on which the proposed
techniques have been performed to evaluate the performance.
This work also uses hand-seeded faults [2] for the subject
program. We have inserted different types of errors in the
faulty version of the subject program which is represented by
fault matrix (see Table 1). During the evaluation process,
three coverage parameters are used i.e. statement, MC/DC,
and branch coverage to measure the distance between test
Cases.
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All the mentioned coverage information is calculated
manually to validate the proposed techniques. Based on the
caculated distance (similarity degree) values, further
prioritization will be processed.

B. Effectiveness Measure

The performance metric “average percentage of faults
detected” (APFD) introduced by Elbaum et al. [1] has been
widely used to evaluate any prioritization techniques. A
Higher value of APFD concludes improved fault detection
rates.

Let TSbe atest suite of n test cases, F represents a set of k
faults exposed by test suite, and TF; signifies that the fault i
reveals by the first test case of the prioritized test suite TS’.
The equation to calculate APFD value for test suite TS’ is as
follows:

TH +TF 4+ + Tk
APFD =1 -

nm

1
+5 (3]

C. Experimental Evaluation and Comparison

Before applying any prioritization techniques, for each
selected criterion the distance between each pair of test cases
must be calculated by using Eq. 1. We evaluate the similarity
values of every possible test case pairs in three levels using
Eg-2, Eg-3, and Eg-4. We observe from Table 2 that the
similarity values between test case pair are relatively different
at each level. These valuesillustrate that use of more than one
criterion in similarity-based approach gives the optimal result
in comparison to conventiona prioritization techniques.
Moreover, Table 2 presents the similarity values for few of
the test case pairs only. With the help of these coverage
similarity values, further prioritization techniques are applied
to get ordered test cases.

T2 * * ®

T3 x x x >< b

T4 S *

T5 x x

T6

T7 X x

T8 X *

T9 b4 x

T10 S X * *

T11 X x

T12 S S * *

* designate fault is revealed, and blank cell
indicates fault isnot revealed

We use Table 3 to show the results of different pair-wise
test case prioritization techniques (PS1 to PS6) using CS-
similarity values. By considering those similarity values, the
different test case pairs of T1 to T12 are categorized into
different groups (see leftmost columns of Table 3). By
implementing each technique from PS1 — PSG, the possible
ordering of test case pairsis shown in the rightmost columns
of Table 3. Similarly, al the mentioned prioritization
techniques are also applied to CS-1l and C-lll similarity
values.

We aso analyze the result of proposed and conventional
techniques on the subject program that is presented through
Table 4. For each technique, we deliver a valid ordering of
test cases in Table 4. For single test case prioritization
techniquesi.e. S2, S3, and $4, we use three coverage metrics
(i.e., Statement, MC/DC, and Branch) to order the test cases.
And, for similar test pair prioritization techniques i.e. from
PS1 to PS6, we use the coverage similarity metricsi.e. CS-,

Table- |: Fault matrix for pushdown procedure CSIl, and  CSIlI to  order the test cases
Tt k1 |F2 |F3 |F4 |F5 |F6 | F7
Cases
T1 E *
Table- II: Name of the Tablethat justify the values
Test Cases T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
CS 055 | 025 | 027 | 083 | 033 | 1.00 | 027 | 050 | 067 | 083 | 0.60
T1 CSl 045 | 022 | 024 | 070 | 033 | 100 | 025 | 040 | 061 | 070 | 054
CSHliI 045 | 023 | 024 | 069 | 033 | 1.00 | 025 | 041 | 063 | 069 | 0.56
CS 055 | 033 | 062 | 040 | 055 | 060 | 054 | 08 | 062 | 050
T2 CSHI 052 | 029 | 059 | 038 | 045 | 060 | 051 | 081 | 059 | 042
CSlil 052 | 029 | 057 | 039 | 045 | 059 | 052 | 079 | 060 | 041
CS 070 | 027 | 050 | 025 | 070 | 063 | 050 | 027 | 058
T3 CSHI 067 | 023 | 040 | 022 | 062 | 061 05 023 | 058
CSHil 066 | 024 | 041 | 023 | 062 | 060 05 024 | 057
CSH 030 | 075 | 027 | 060 | 070 | 030 | 030 | 0.63
T4 CsHl 025 | 065 | 024 | 051 | 067 | 028 | 025 | 0.64
CSHil 026 | 067 | 024 | 053 | 066 | 027 | 026 | 0.62
CSH 037 | 08 | 030 | 055 | 055 | 100 | 050
T5 CSHI 034 | 070 | 027 | 052 | 045 | 100 | 040
CSHII 035 | 069 | 027 | 054 | 045 | 100 | 041
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Table- I11: Ordering of Test Casesusing Coverage Similarities (CS-1)

Similarity Group Selected test pairsin order
Value Index Test Case Pairs Seq. No. PS1 PS2 PS3 P4 PS5 PS6
1.00 Gl (T4, T7) (T5, T11) 1 (T1, T7) (T1, T3) (TL, T3) | (T, T7) | (TL, T3) | (T1,T7)
0.90 G2 (T9, T12) 2 (T5, T11) (T3, T7) (T1,T4) | (T9,T12) | (T1,T4) | (TL, T5)
0.88 G3 (T2, T10) 3 (T9, T12) (T1, T4) (T8,T11) | (T2,T10) | (T1,T6) | (T1,T10)
(T1, T5) (T2, T12) (T5,
0.83 G4 ) (17, 712) 4 (T2, T10) (T1, T8) (T6,T7) | (TL,T5) | (T1,T9) | (T7,T10)
0.75 G5 (T4, T6) (T6, T8) 5 (T1, T5) (T3, T5) (T6,T10) | (T4,T6) | (T1,T2) | (T1,T12)
0.70 G6 (T3, T4)Tg3’ T8) (T4, 6 (T1,T1) (T3, T1) (T5,T6) | (T3, T4) | (T3 T12) | (T2, T7)
0.67 G7 (T1, T10) 7 (T5, T7) (T4, T7) (T8,T12) | (TLT10) | (T1,T12) | (TL,T9)
0.66 G8 (T7,T10) 8 (T7,T1) (T7,T8) (T2,T6) | (T7,T10) | (T3, T9) | (T1,T6)
0.63 G9 (T3, T9) (T4, T12) 9 (T4, T6) (T4, T5) (T8, T9) | (T4,T12) | (TL,T10) | (T1,T4)
0.62 G10 (T2, T5) (T2, T11) 10 (T6, T8) (T4, T10) (T2,T11) | (T3,T8) | (T1,T3)
(T1, T12) (T2, T8) (T4,
0.60 Gl1 T8) (T7, T12) 11 (T3, T4) (T4, T11) (T2,T8) | (T1,T5) | (T5T11)
Table- IV: Analysis of Different Prioritization Techniques
Order of Test Cases
Catego .
ry Techniques Index T T T
T1L | T2 | T3 | T4 | T5 | T6 | T7 | T8 | T9 10 1 12
i Random Ss1 2 | 4|1 |112|8|10|5|3|7]|9]|12]|¢®
O5
B 'g § Total-St Coverage V] 8 4| 1| 5|11 9|10|6|2]|3]|12|7
N2
o= ©
5 3 Total-MC/DC Coverage 3 11|52 |4| 9|8 |12|7]|1]| 6|10 3
(7ol
Total-Br Coverage A 9 6 2 5 11 8 10 7 1 4 12 3
Total C-i similarity prioritization (PS1) CS 1 7 12 9 3 10 2 11 5 8 4 6
Total C-i dissimilarity prioritization (PS2) CS 1 10 2 4 6 9 3 5 12 8 7 11
Iterative C-i dissimilarity prioritization (PS3) CS 1 11 2 3 9 6 7 4 12 8 5 10
Iterative C-i similarity prioritization (P$4) CS 1 5 10 8 7 9 2 12 3 6 11 4

Advanced iterative C-i dissimilarity prioritization csi 1 6 P 3 10 4 1 9 5 8 12 7

g (PS5)
% Advanced Iterative C-i similarity prioritization (PS6) CS 1 6 10 9 3 8 2 12 7 4 11 5
é Total C-i similarity prioritization (PS1) CSHI 1 7 9 10 3 11 2 12 5 8 4 6
N
g Total C-i dissimilarity prioritization (PS2) CSHI 1 12 2 6 4 10 3 7 11 8 5 9
; Iterative C-i dissimilarity prioritization (PS3) CSHI 1 12 2 4 3 11 5 6 10 8 7 9
% Iterative C-i similarity prioritization (P$4) CSHI 1 5 8 9 7 10 2 11 3 6 12 4
'—é Advanced iterative C(;g;a milarity prioritization csl 1 8 P 4 3 6 12 5 7 9 1 | 10
;% Advanced Iterative(g—siﬁs)i milarity prioritization csil 1 6 1121101 3 8 5 9 7 4121 5
% Total C-i similarity prioritization (PS1) CSHlI 1 7 12 | 11 3 9 2 10 5 8 4 6
7 Total C-i dissimilarity prioritization (PS2) CSHlI 1 9 2 4 5 11 3 7 12 8 6 10
Iterative C-i dissimilarity prioritization (PS3) CSHlI 1 8 2 3 6 10 4 5 12 7 11 9
Iterative C-i similarity prioritization (PS4) CSHlI 1 5 11 | 10 9 7 2 8 3 6 12 4
Advanced iterative C(;g;similarity prioritization csil 1 7 2 3 10 5 1 4 6 8 12 9
Advanced I terative C-i similarity prioritization csil 1 6 1 | 10 3 8 2 9 7 4 12 5
(PS6)
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To validate the results, we measure the APFD value of the
prioritized test suite by each technique using Eqg. 5. For
example, the resulting APFD’s for the three test case orders
(Random, Total-St Coverage, and Advanced lterative CS-i
Dissimilarity Prioritization) are 62.56%, 38.62%, and 72.0%,
respectively. The test order by PS5 is, in fact, an optimal
order of the test suite in comparison to the test order by S-1
(random) and S-2, ensuring the earliest discovery of the
maximum faults. The APFD percentage illustrates that the
similarity based prioritization techniques gives a better result
as compared to the other conventional techniques.

The andysis of different prioritization techniques is
illustrated in Table 1V.

The graphical representation of the comparative analysis
based on APFD for each subject programisgivenin Figure 2.
The y-axis in the graph represents the APFD percentage
against the techniques considered in the x-axis. From Figure
2, it can be concluded that the proposed similar test pair
prioritization strategy improved the performance as compared
to the random and single test case prioritization strategy. The
experimental results indicate that the APFD obtained by
applying our proposed approach is on an average greater than
that one obtained by applying the random or single test case
prioritization strategy. Out of the proposed prioritization
techniques, Total C-i dissimilarity prioritization (PS2) and
Iterative C-i dissimilarity prioritization (PS3) performs better
than other proposed techniques.

V. CONCLUSION

Pair wise selection of test case is afundamental strategy to
compare and prioritize them by measuring their associations
between them. Using the idea of similarity approach with
multiple criteriais quite attractive to arrange the test casesin
some specific order. The main target of this proposed
prioritization method is to order the test cases based on the
similarity between test cases to conduct regression testing
more effectively to achieve more than one performance goals
such as statement coverage, branch coverage, and MC/DC
coverage. To attain this goal the test cases are prioritized
based on level-wise calculated similarity value for each pair
of test cases. Using the idea of combining similarity strategy
with more than one coverage criteria, we proposed various
prioritization techniques to order the test cases based on
user’s requirement. The proposed work is empirically verified
with the help of one standard performance metric i.e. APFD.
And results revea that our techniques are practicable and
some of them are quite effective as compared to traditional
approaches.
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