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Abstract  Mutation testing is a fault-based software testing technique, which is widely used to
evaluate the adequacy of a given test suite or the fault detection effectiveness of a given software
testing technique. Although mutation testing has a strong fault detection capability, the high
computation cost incurred by a huge number of mutants prevents mutation testing from being widely
adopted in practice. In order to improve the practicability of mutation testing, we proposed the concept
of redundant mutants with the purpose of reducing the number of mutants and the execution of
mutation testing, and proposed a data flow analysis based technique for identifying redundant
mutants. We conducted an empirical study where eleven C programs were used to evaluate the
feasibility and effectiveness of the proposed technique. The experimental results show that our
technique can effectively identify a large number of redundant mutants, reduce the execution time
of mutation testing, and provide a way to evaluate the mutant generation quality of mutation
operators. The concept of redundant mutants and its identification technique proposed in this
paper can not only improve the efficiency of mutation testing, but also provide useful guidelines
for selecting mutation operators in the context of constrained resources available for mutation

testing.
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TESS 8 AT AR ZS WO AHABL S PR oy 5 g Y TU AR 72
S

1. int fO){ 1. int fO{ 1. int fO{

2_ cen 2. en 2 cen

3. area(r) 3. area((++1)); 3. area(r)

4. ee 4. oo 4. oo

5.} 5.} 5.}

6. void area(r){ 6. void area(r){ 6. void area(r){

7. en 7. en 7. aee

8. ar=3.14%r%r; 8. ar=3.14%r*r; 8. ar=3.14*(++r)*r;
9. printf("%d", ar)||9. printfC"%d", ar %||9. printf("%d", ar);
10.} 10.} 10.}
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BT IR S EBIN Ry ~R, FRATH T
TORZAE SR B CRE D Bk i A 1
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B R IT S o 58 TR R R AR E s FE R
HBAE TR 0 € AR SR M (def o, s) B0 HIZZ 5
£ M(use,v,s)) 0,35 TR L4175 5%, 8
SAEEE duCo;osyys o) IR T AR B o8 SCVEH BE
JIRAE BT B) s o AV IV T E i 05 ) s TR
HORIURAE SRS M, oo R y I A8 5 44 R X
R TCAY S AR — 04 (my ;).

BAEE IR TIR A SRS A (DR
Ja o3RRS B SR SRR du Coasy sy 3 AR
A hE o Y E LA M (def s o, s) AT AR 5246
M Cuse v, s,)  FF RN HE M 3 B 7 15 1) s, FIAH
P BT AETE 4] s, i J& B 7 )3 B (5~ 7)) 5 M43 37
S R, ~ R TR S 57 14 (8~ 38) 5 Jie S i i
TR SRR A (42). Hd, AddReMu(M(def s vs
s1) s MCuse v, 5,)) ¥5i 2 SR E U R 4E M (def
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B M(usesv,s,) WYL S ARG S0 TOAR 7E 524K
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35.

36.
37.
38.
39.
40.

R

9"11‘>9F:<f1 vfz #"'#fU}qB:
by b s DU={du(vy ys11 5521) sdu(vy 4515 »

Sme, amy, ) )

INITIALIZE M,, to an empty set
FOR each f; in F DO
FOR each variable v in f; DO

R

R

&

R,

FOR each du(v,s, ,s,) of v in DU DO
Mddef,v,s1)<dulv,s +s5)
MCusesvss:)<—du(v,s;55,)

bi<s51 b, <5,

IF ((b;==0b;) && (type(bh;) == DBasicBlock)
AddReMu(MC(def,v,s1) s M(use,v,s,))
CONTINUE

END IF

IF (type(h;) == BasicBlock) & & (b;<"b,))
DO

IF (b; == NextBlock(b;))
AddReMu(M(def.vss1) s M(use,vssy,))
BREAK

END IF

b; = NextBlock(b;)

WHILE (b, <" 6;)

END IF

IF (type(h;) == DBasicBlock) & & (b;<"b;))
DO

by =UpperBlock (b;)

DO
IF (b; == NextBlock(b,))

AddReMu(M(def,v,s1) ,MCuse,v,s,))
BREAK
END IF
b, = NextBlock(b,)
WHILE (b, <" 5,)
b;=UpperBlock (b;)
WHILE (b, <" 6;)
END IF
Ji<bis fi<b;

IF (fi—>f, & & UpperBlock (b)) ==
&.8&. type(h;) == BasicBlock))
AddReMu(MC(def,v,s1) sM(use,vys:))
CONTINUE
END IF
END FOR

END FOR
41. END FOR
42. RETURN M,

AddReMu(M(def,v,s1),M(use,v,s,))
1. FOR each m; in M(use.v,s,) DO

2.  Randomly select m; from M(def,v,s,)
3. M,.=M, U{m,m;)}

4. ENF FOR

5. RETURN M,
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AN ECE WLOBRE T B — A duCossos,) il
L3 B AR AR B AR B o E B R
AR S BT R &2 22 B OCL) 524 dulo, s »s,)
5 /2 Ry ~ R, B 5 3 A8 5 o fiff F A S 4 b i i
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K —AFEF S (PG 1] 72 )7 4 TP Y tot_info
FRIF) 78 ) A SCH HY A B T 850408 U 20 A 1 TC A A2
SR T vk, B 8 JR AT tot_info AR Y SE ] 1 &
I3RS A Protewm MR SR T 23 728 S AR B A
ReMuDF 1] 28 55 1A 1) i A i A 40 1

80 double LGamma(x)

81 double x;

82 {

83 static const double cof[6]={

84 76.18009173, —86.50532033, 24.01409822,

85 —1.231739516, 0.120858003e—2, —0.536382¢—5

86 i

87  double tmp=0.0, ser=0.0;

88 int j=0;

89  if (x<0.0){

90 double pix=3.1415926*x;

91 return log(pix/sin(pix) ) —L.Gamma(1.0—x); LB
//return(log((pix/sin(pix ) ) )—L.Gamma((5.5—x) ) ); My,

92 }

93 tmp=x+5.5;
//(tmp=(1.0+5.5)); Myg5

94 tmp—=(a+ 0.5)*log(tmp); b3
//(tmp—=((x+0.5) *log((10E-10))) ); Mygs

95 ser=1.0;

96 for (j=0; j<<6; ++j)

97 ser+=cof [j]/++x; }_}[ by

//(ser+=(0.5/(++x))); My 79

98  return—tmp+log(2.50662827465*ser );
//return((10E10) +1og((2.50662827465%ser ) ) );  Myyy b
//return((—tmp) + log((10E10)) ); Mgy
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14 PINE T S — Rl T IR U 0 AT B TR S AR A i 51

def(tmp,94)) ,JE 94 .98 F72M At B Cuse (e p
94) use(tmp,98)) MY M 45 7 X -1# 4% : du(tmp
93,94 Fl dultmp,94,98). F AU X T7AE Bt ser A
de f (sers97) Fll use Cser,98) 4 )8 X - ¥ F%E : du(ser,
97,98).

O PUHMITCRAZ A 50 R Ry~ Ry 47 9C
AL SRS

O W HNFLI Ry 2 maoss N meoons 53 3 & F 745 5
tmp WYE LR M (deftmp . 93) T AL 57 4k
MCusestmp,94) » H 3 19748 507 B g T [7] — 4> 2%
A by moggrs A moss I TUAR L S8

@ W HN LI Ry 2 moons N mosre 43 B @ F 745
tmp WY XAZ S M (def s tmp, 94) R 22 5
MCuse tmp,98) smogis S AL B AL FHAL b, ,0,
N by WM 5 110070 178 S5 07 8L T BEAS R D 4 05 72
by I BE. 112070 S 2015 Y TUAR 7S AR

Q@ WAHLI Ry 2100 T mpoz0 53 51 & T AL 1 ser
HE XA R E M(def ,ser,97) Flfii 2 R EE M(use,
sers98) s moigr W48 51 0L B A T REAR B s H B R BR
SEAEIRT by 51000 W98 S AL E AL T HEATRE b5 205 J2 .
AR R 125000 5 1120107 O TUAR 722 SR,

@ PHIFLI R, 2 maoose T msoss 53 ) JE T 728 2 2
()5 LA S8 M (de f o, 91) FIfE FIAZ 54 M (use
2593). mas; TR LGamma O {E 91 4798 JH 28 %X
LGamma () s T 105 H1 28 5 o {1 ] 1 L B0 BT b B
b 1) LRV 2 msess S mses: TR A4

4 LIIT

K F 2 B A9F 58 9 75 VA 2 T B30 U 0 A 1 IT
AR SR J5 % 04 AT AT R AT S
4.1 HREA

AR SO A S PPAL I P [ 2& R 5 ARSIl

(1) A2 50 3 R 2 R A TR TUAR A S A7

X 2 A C Ry #7248 57 s B e FR AT 42
H A A AE TUAR 7 S TR ) 1 2B 75 TE A

(2) $2 th 9 TTAR 72 S (AR R AR BE 75 A & >
A8 S5 A 114 e R 4 o A S 3K Y PRATT I ] 2

6 T B 19 U 78 S MR TR B RE 7 1E At LU
A C R AL S IR SR 5 A7 TE I IO AR 2L 57 1R 3l
1o B 3R R 030 B9 0 AR A S AR i ) A S Y
PAT IS IS PEAS AR SO 6 A 0 A2 S M R A 46 2
A S I 4 PRATT B 8] 75 THT A A AR

(3) 2 19 TUAR A8 S AU 7 125 vh A [ L5 L

W A A o 2

AR SO TUA AR SRR 4 AR s SCT P
TR 0] 38 Ao b A AN [ TR 0 R ) 3R 0 s T R A
SERECR A A AT A RO A B PR AL 25 5L RT L
HE— 25 HEFE TUAR AR SR TR0 1) 7 AR e 4%

(4 TUA S S A 90 40 o] 5 i o8 A A4 S5 30003 1)
&

AR SCHE I TUAR AR S AR TR0 R T B AR AR S )
IR Z R PEATER SRR 20 Hr. 8 o B e 3 T RO
BT B TC A 728 S5 AR ) e (] 5 W) Bk O A8 S AR O ) A2
S 1 R T B T8 s 20— A5 DAl T AR AR S A ) X
7 S5 DN AR 1 5 T

(5) MU AR A8 S 4 ff B o] B2 6 0 LL A AR S
BT 0T A7

A BT U Y IO AR AR S AR AS R AR R T
R A A B VPG AR SR I PP AR A R AT
TR 32 B LT G i 35 B s o A AR S AR CE O
DIUAR AR SR FEAE— B 2 AR 5.
4.2 E=EIER

A SR FE AR T AR 3 RR FRAT I L TA
i i TUAR AR SR UM B AR A . Horp AR RO
AR RN I B TR S A BT A SR L
il HAt AW
_ RN
TN —EN
Horp RN FoR UM TR 2 IR 8 s TN £OR
SR BB EN RORSFM AR R IRBE. TR BB
s R E R R P Z IO RS AR AR
HIRENIEY & /PR E EWN

AT I L 2R R 0 AR 28 S A R S . A
Xof A% G5 A8 S 03 A BT B [) 10 5 AR S AT AR
BAE S HIFE AR T .
TMT — NMT

TMT

Horp  NMT FoR TR S S04 5 722 S5 0l i S04 7
B ) s TMT 367 A% 40 48 5 03 ) P01 7 B[R] 4401 7k
LB R o TR A AR SCHR 09 7 VA DR A SR BB

S HF I IUAR % MORR FRoR A4 R H
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R1 IREFHEXER
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T BIBoE B BoE ¥ REGE
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tot_info 281 1608 6478 4439 678 3654
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(2) i 50 Hr T2 Frama-C" 38 BUSE 56 X 42 i
J¥ BB 15 B

(3) SR FAFRATT R FF & 1 A8 S 03RS a7 T 2L
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Mutation testing is a fault-based software testing
technique, which is widely used to evaluate the adequacy of a
given test suite or the fault detection effectiveness of a given
software testing technique. Although mutation testing has a
strong fault detection capability, the high computation cost
incurred by a huge number of mutants prevents mutation
testing from being widely adopted in practice. Researchers
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shorten the execution time of mutation testing from different
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order mutation, and mutant clustering. These techniques are
effective in reducing the number of mutants; however, the
fault detection capability of the reduced mutants is affected.
Typical mutation optimization techniques include weak muta-
tion, compilers-based or parallel architecture-based mutation
optimizations. These techniques are useful to shorten the
execution time of mutation testing, while most of them rely
on specific compiler or architecture techniques.

In our previous work, we have proposed a new mutant
reduction technique by making use of program structure,

conducted an empirical study on mutation testing of WS-BPEL
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programs, and proposed a distribution-aware mutation analysis
technique.

In this paper, we address the mutation optimization
issue from a new angle. In order to improve the practicability
of mutation testing, we propose the concept of redundant
mutants with the purpose of reducing the number of mutants
and the execution of mutation testing, and propose a data
flow analysis based technique for identifying redundant
mutants., We conduct an empirical study where eleven C
programs are used to evaluate the feasibility and effectiveness
of the proposed technique. The experimental results show

that our technique can effectively identify a large number of

redundant mutants, reduce the execution time of mutation

testing, and provide a way to evaluate the mutant generation
quality of mutation operators. The concept of redundant
mutants and its identification technique proposed in this
paper can not only improve the efficiency of mutation testing,
but also provide useful guidelines for selecting mutation
operators in the context of constrained resources available for
mutation testing.
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