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Effectively Metamorphic Testing Based on Program Path Analysis
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Abstract Metamorphic testing is very practical and effective for programs with oracle problems.
Much research has been done in this field. Based upon existed methods of metamorphic testing
and program path-analysis, the authors first present a set of metamorphic testing criteria for the
test with binary metamorphic relations. These criteria define the adequacy of metamorphic test
suites at several different levels. Then, three new testing algorithms are given to generate test
suites that could satisfy the criteria above. Finally, these algorithms’ performances are fully
proved with the technique of mutation analysis. The experiment results show that testing effects
are greatly decided by the selection of metamorphic relations and testing criteria, and the algo-
rithm APCEMST could detect faults quickly and exactly with fewer test cases than traditional
method.
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TREH 4 <> 8. M B4R 1< d i 15 BT
3B D, w4 EE L FE R AR 2 0 1 Y 4
AT D, (a) o i F MR, XFFR BT A Deu (D
MR) =D, . Wit 1% % & D, — D L4 A.D,=
Dyy (D, —D{ MR, 5T (b) il (¢) 1 MR, il MR, A~
SRR BT DR AT A AT REAS R T D
WEHE D, A A D)= Dy (D, s MR))
(i=2,3) JHEAFMIX D) N\ Dy, 40 D, b [ 5384

Jias s A B AR 1< 2 B ikt

O WS A 1-1 3 1 BRER MR W5 R r FORR
BEIE XA 20 = fCon) SUFRAEC A o2 B OL T 5 o0 i
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(a) XFRIEA % RMR,

(b) 1-1RAE X FRIEAZ K RMR,

(c) 1-n WA 5 ZMR,

Kl 3 APPCEMST 8 ik A7 id #2 8 2K

4 KWERSWH

U588 5 AR ) FA 3 R R A 0 A I s A T it 2 Y
LR B AR A AR D) T e Ty
4 A 2 A (ELJR 0508 5C AR A T A BB XA [
TR IR Py 4 T A 50 A O AR A A A L I fE 25 T
AT AN A7 A L R AR R . DR IR 7 X 58 A 3 B R 47

0. Input a, b, ¢
1. match =0

WFFE I 3 SR TS 3 M7 (9 5 35 B HAR R e
K38 3 R SEER X EE A5 — R R A e

TEIE » B AT A6 52 61 23 B 149 J7 9k % 3 3 Bl
B3 o A RS I P 4 B R RE E AT I T IR 4 2
ZMIEREF TriSquare B9 ¥ H & . % #8 JF B JH)
WAL A ER 3 R T 0 S8 abc A AT LI
= AT st At 2 TR B = A8 SR 05 T 54
PN

16. h=sqrt(pow(a, 2)—
pow(c/2,2))
17. print("Isoceles”)

21. h = sqrt(pow(a,2)—

N
— 18. return (cxh)/2

22. print("Isoceles™)
23. return (bxh)/2

pow(b/2,2))

®|11. p=(atbtc)/2

P13 bt+c=<a

26. h = sqrt(pow(b, 2)—

27. print("Isoceles”)
28. return (axh)/2

12. print("Anomalistic")
13. return sqrt(px(p—a )=
(p=b)x(p—c))

pow(a/2,2))

=

?

_|29. print( "Equilateral ")

> 5, 7,9, 14, 19, 24. print("Not a triangle”)
30. return sqrt(3) xaxa/4 6,8, 10, 15, 20, 25. return 0

Kl 4 =ML TriSquare K2 K

AT AEL Y a, b, c ANEEW N = B R, T2
Fr it O B BT A A s A SR A L BT LA
Dyt (TriSquare) ={(a,b,¢) | (a+b>)Na+c>b) A
(b+c>a) . FAl1 ol TriSquare ¥ T 7 45 . JC Wi 78
KAEAMIWEL 1. Hh MR; . MR, Fl MR; & 448 1
A7 VUG Pk BAs 1 s R 1 an sl 5 s AR =4

£ ODC =143 91K a b.c. Wl OD=0B=1b,%
BC=Fk, i1 =MILW MBI H, = ODC F OBC
Ay T FRAE 45, B TriSquare (a. b, ¢) = TriSquare(k,
bye) s R AR AT W3 T8 XF M 4 F O g T
PO 401 D5 R P AR k= /20" 267 —a” s AT
F 38t MR;. [R1 3R AT LIRS 36 ) MR F1 MR;.
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& 1 ET TriSquare EEMENB T X R

) Thf Dr(MR;) Dy, (MR;)
MR, (a0 )= (b,a,c) {Ca,sbyo) | a=b) N\ (a+b>0)}
MR, (a0 ) =C(asc,b) %t F MR, : {Casbse) [ (b=c) N (b+c>a)}
MR; (,a ,//7 ,/c )=C(c.b,a) TriSquare(a’ » 8’ +¢') — 4% TriSquare(a,bsc) {Casb,o) | (a=0c) N\ Cat+c>b) )
MR, (a" b vc")=(2a,2b,2¢) Dyt (TriSquare) %)

Heg:

MRs | (a" 0" )= (V202 +2c2—a® ,b.c)

MRs | (&' 0 e = (ar V2T 207 0) TriSquare(a’,b" ,¢’) =TriSquare(a,b,c)

MR: | (a0 )= (asb, /2a% + 26> — %)

{(asbso)|a®?=b>+c?)
{Casb,o) | b*=a’+c?)
{Casb,o) | ?=a’+b%)

e 1 WA X R E XEE R ((asb.0) | Ca+b=>c) N (b+c=>a) N (atc=>b) ) Bl asb,c AU R =MATE ;

2. MR, ,MR; ,MR; , MR5 , MRg , MR7 J& X} FR Wi A% 56 & .

B 5 Mk MRs By BE

7B S BT e PP A I X P 497 B e R B E A
OIVER A RCH ARD TR ARSI T, FRATT 8 X R 4
AR VEAL 3 88 3 A=l iy gt A8 I 491 4. FRATTAE
FEFF TriSquare HJE T3 AR5 2 AL CAOR) F1 ¥ 4
A AE B (DSA) P A5 TURPBEAS 1) A8 S 484 43 31 A
4R A AR EE D R — R, nE 4
H SRR AR BT s ik 2 S ER JE 4 5 TriSquare
25 5 KA ) TR AN

el KA 2 A AN 3 AT AU RY 5
AR

5 2. K T AT p= (a+b+ o) *
27;

5. A6 18,2328 A LR b0/ 2 B
Bon 27

AR5 4, B 30 AR R R “return sqrt(3) %
axa/2”.

BT MR, .MR, I MR, 3 kWi 56 3 ) 45 44 1
4 3 Ji AR AR ARL , By AAE A ] APCEMST 553 )
ik TriSquare i}, H 33 F MR, .MR, fl MR 4 Ji§i i)

ﬁﬁ%ﬁ%%ﬁ%ﬁ&@ngawum0wm¢
D) B 4 B 4% Path #6820 AT — WA AT, T
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Jn, 55 m UM I
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[

HP BEE FlLePs()hy

Jl, S5 AU R 90 B DR B AR
FltPs(i)= LD ot

lo. see
4.2 XWHERS5LERR

FATBAT T WAL, 5 1 AL, 4y Al

3 R B EAES (G=1,2,3, DI’ Ik
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TS A5 P i A ORI T8 A (] 19 4500 A 22 1 it A G R
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Background

Software testing is an important activity of software
quality assurance. But sometimes, it is difficult to decide the
expected result for program under test, which is called oracle
problem. Metamorphic testing (MT) checks programs by ex-
amining relations among several executions, and expected re-
sults are not required. A lot of facts indicate that MT is good
for solving oracle problem.

Although MT is effective, there is no criterion for guid-
ing metamorphic test cases’ generation at present, and this
lack causes many problems. On one hand, without guideline,
plenty of test cases with a similar testing performance, such
as executing the same program path, may be generated at one
time. This redundancy will reduce the efficiency of testing.
On the other, testing may be inadequate as some structural
elements, such as certain branches and sentences in program.
are uncovered by test cases. So MT criteria’s construction is
an important task. Path-coverage is a strict white-box criteri-
on. It demands that the test suite designed could make each
executable path covered at least once, so it has larger cover-

age than other white-box criteria. This criterion can be used
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to relive the problems above.

The authors first present three MT criteria based on
path-coverage criterion, that is, APC, APCEM and APP-
CEM. They define the adequacy of metamorphic test suites at
several different levels and their strictness increase gradually.
Then, three new algorithms are provided to generate
test suites that satisfy APC, APCEM and APPCEM respec-
tively. The experiment results show that testing effects are
greatly decided by the selection of metamorphic relations and
testing criteria, and the algorithm APCEMST could detect
faults quickly and exactly with fewer test cases than tradi-
tional method. In a word, the authors’ algorithms are
effective.
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