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Metamorphic Testing Group Generation and Prioritization Technique
Based on Path Analysis

SUN Chang-Ai XING Jia-Yu LIU Bao-Li FU An

(School of Computer and Communication Engineering, University of Science and Technology Beijing, Beijing 100083)

Abstract  Metamorphic testing (MT) leverages metamorphic properties (usually known as meta-
morphic relationships, MR) of the software under test (SUT) to generate the follow-up test
cases from the source test cases, and verify the test results by examining whether the MR is
followed by the corresponding outputs. MT effectively alleviates the oracle problem because it is
no longer necessary to obtain the expected outputs of individual test cases. Obviously, the used
MRs and source test cases play a key role in the fault detection effectiveness of MT. Although
there are already some test case generation methods for MT, they have the following limitations.
Firstly, the scope of applicable input domains for an MR is not carefully considered, which may
result in invalid test cases. Secondly, only the differences between source test cases are considered
during the test case generation, which may result in insufficient metamorphic testing groups (a
pair of source test case and follow-up test case, briefly as MTG). Finally., the fault detection
capability of test cases is not considered, which may affect the fault detection efficiency of MT. In
order to solve the above limitations, we propose a metamorphic testing group generation and
prioritization technique based on path analysis (PaMTG). PaMTG first obtains all path pairs of
the MR through analyzing the possible paths of the SUT, then generates MTGs to cover as many
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path pairs as possible, and finally prioritizes the derived MTGs according to their covered path

information. A supporting tool was developed and an empirical study was conducted to evaluate

PaMTG in terms of valid MTG ratio, fault detection capability, fault detection rate, and time

overhead. The experimental results show that PaMTG is able to generate valid MTGs, and the

fault detection capability and fault detection rate of the generated MTGs are better than that of

the existing baseline techniques.
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1. public static int myMethod(int , int 3, int 2){
2 if (z=>=0){

3 if(x=>y){

4. if(x>z2)

5 return x;
6 else

7 return z;

8 Jelse{

9. if(y>2)

10. return y;
11. else

12. return z;
13. }

14, Jelse!

15. return 2 —x—Yy;
16. }

17.}
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4‘ [PC: 720) a=X, y=Y, v=7 ’7

(b) PP

’ [PC: true] x=X, y=Y, z:Z‘

l

4{ [PC:X>Y]2=X,y=Y, Z:Z}i

Y
[PC: X>Z]

l’ x=X,y=Y,2=Z 1

A4
[PC:Y>Z]
=X, y=Y, z=7

A,

’ return Z ‘

’ return Y ‘

return Z—X—Y|

return Z ‘
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i . MTGs

1. Initialize MTGs to an empty set

2. D’=CND

3. FOR each PCs; in PCs DO

4 IF PCs; and D' can solve THEN

B D, =PCs, N D’

6 D/ =R(D,,)NC

7. FOR each PCs; in PCs DO

8 IF PCs; and D’/ can solve THEN
9 D.,=PCs; N D’

10. TC, =73(DL,)

11. TC, =R '(TC))

¥ 2025 4F
12. MTG=/(TC,, TC,, set(TC,), set(TC;))
13. MTGs=MTGsU {MTG}
14. END IF
15. END FOR
16. END IF
17. END FOR

18. RETURN MTGs
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1. [Initialize MTG, , MTG, , SMTGs to an empty set

2. FOR each MTGs; =<(TC,, TC; s set (TC,) s set (TC;))

in MTGs DO
3. d=dis(TC,,TC))

4. SMTG={d, MTGs;»

5 MTG,=MTG, U {SMTG}

6. END FOR

7. WHILE MTG, is not NULL DO

8 Initialize SMTG=NULL

9 IF getMaxDisNumber in MTG, is 1 THEN

10. SMTG= getMaxDis(MTG,)
11. ELSE
12. Initialize max=0

13.  SMTGs= getMaxDis(MTG,)
14. SMTG,,, = getLast(MTG,)
=(d" , TC!™ ,TC ,set (TC)
set (TCE )
15.  FOR each SMTGs; ={(d. TC,,TC;,set(TC,),
set(TC;)) in SMTGs DO

16. d=dis(TC,, TC“")
17. IF d>max THEN
18. SMTG=SMTGs;
19. max=d

20. END IF

21.  END FOR

22. END IF

23. MTG,=MTG, U {SMTG}
24. MTG,=MTG\{SMTG}
25. END WHILE

26. RETURN MTG,
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TR LUGGAGE PHONE PARKING CHARGE MATH TAX NUMBER
AV SD P AV SD P AV SD P AV SD P AV SD P AV SD P AV SD P
PaMTG 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100 0 1.00 100.00 0.00 1.00
APPCEMST-Z3 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100 0 1.00 100.00 0.00 1.00
APPCEMST-R 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00 100 0 1.00 100.00 0.00 1.00
PaDMT 87.13 0.00 1.00 83.52 0.00 1.00 35.12 0.00 1.00 32.43 0.00 1.00 100.00 0.00 1.00 100 0 1.00 36.99 0.00 1.00
ART 40.71 7.77 0.79 77.83 5.29 0.71 82.35 5.59 0.97 99.72 0.52 0.35 70.18 20.47 0.61 100 O 1.00 6.73 1.39 1.00
RT 40.51 9.50 0.89 54.50 8.31 0.68 83.16 4.05 0.68 99.72 0.61 0.14 79.47 7.49 0.73 100 0O 1.00 6.72 1.46 0.67
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PaMTG 91.07 0.00 1.00 55.36 0.00 1.00 41.25 0.00 1.00 98.23 0.00 1.00 51.03 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00
APPCEMST-Z3 91.07 0.00 1.00 55.36 0.00 1.00 41.25 0.00 1.00 98.23 0.00 1.00 51.03 0.00 1.00 100.00 0.00 1.00 100.00 0.00 1.00
APPCEMST-R 91.07 0.00 1.00 55.36 0.00 1.00 41.18 0.43 0.59 88.96 3.79 1.00 46.77 4.64 0.30 99.27 0.09 0.21 100.00 0.00 1.00
PaDMT 73.21 0.00 1.00 53.57 0.00 1.00 26.13 0.00 1.00 59.03 0.00 1.00 50.34 0.00 1.00 100.00 0.00 1.00 0.00 0.00 1.00
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Background

Metamorphic testing (MT) leverages metamorphic prop-
erties (usually known as metamorphic relationships, MR) of
the software under test (SUT) to generate the follow-up test
cases from the source test cases, and verify the test results.
MT effectively alleviates the oracle problem because it is no
longer necessary to construct the expected outputs of individual
test cases. Obviously, the used MRs and source test cases play
a key role in the fault detection effectiveness of MT. Although
there are already some test case generation methods for MT,
they have the following limitations. Firstly, the scope of
applicable input domains for an MR is not carefully considered,
which may result in invalid test cases. Secondly, only the
differences between source test cases are considered during
the test case generation, which may result in insufficient
metamorphic testing groups (a pair of source test case and
follow-up test case, briefly as MTG). Finally, the fault
detection capability of test cases is not considered, which

may affect the fault detection efficiency of MT. In order to
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solve the above limitations, we propose a metamorphic
testing group generation and prioritization technique based on
path analysis (PaMTG). PaMTG first obtains all path pairs
of MRs through analyzing the possible paths of the SUT,
then generates MTGs to cover as many path pairs as possible,
and finally prioritizes the derived MTGs according to their
covered path information. A supporting tool was developed
and an empirical study was conducted to evaluate PaAMTG in
terms of valid MTG ratio, fault detection capability, fault
detection rate, and time overhead. The experimental results
show that PaMTG is able to generate valid MTGs, and
the fault detection capability and fault detection rate of
the generated MTGs are better than that of the baseline
techniques, such as random testing, adaptive random
testing, and symbolic execution-based test case generation
technique.
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