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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 and a long testing period prevents mutation
testing from being widely adopted in practice. Existing research work on reducing the cost of
mutation testing is mainly divided into two categories: (1) mutant reduction, which reduces the
number of mutants through various strategies, and thus affects the fault detection capability of
mutation testing; (2) acceleration of mutation execution, which shortens the time of mutation
execution through optimizing the process of mutation testing. It can be observed that the bulk of

codes in multiple mutants are repeatedly executed through an analysis of the mutation testing
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process. In this paper, we explore the improvement of mutation testing in terms of reducing its
execution time and accordingly propose a concurrent weak mutation testing approach, which provides
an optimal mechanism to removal of redundant executions by using the combination of concurrent
controls and program synthesis techniques, aiming at shortening the execution time of mutation
testing. The proposed approach incorporates two mechanisms for accelerating mutation execution,
namely the concurrent mechanism which reduces the execution time before the mutation point by
sharing the program states of a set of mutants whose mutation points belong to the same program
block, and the weak mutation mechanism which reduces the execution time after the mutation
point by immediately comparing the program states of a mutant and the original program to decide
whether a test passes or not. An empirical study has been conducted in which 12 C programs are
used as subject program were used to evaluate the effectiveness and efficiency of the proposed
approach and analyze the impact factors of performance optimization, and compare its performance
with three baseline techniques, namely traditional mutation testing, weak mutation testing, and
concurrent mutation testing. Experimental results show that compared with the baseline techniques,

the proposed approach can significantly improve the efficiency of mutation testing, with an average
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reduction rate of more than 90% of compilation time and 70 % of execution time, respectively.
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il B4 ARG DX A 1, B AN R 43 3. o T ZEAS R Y
PAT B 42T R R AR R I 0% o )R 2SO 45 SR AT
7 AR AT B AR ER AT AL B I8 7 R T e
ety & B F b R R 4R W T R b A
LB AT R Y i B B4 SO — AN SRR A
W KA o B ERTIRE B P P RS T K« Y
B ALY o B0 St e — D B AR e, W R iy 1)
TR A AH R AR T o (RIS 55 ZEAR L » A

if (2>

/xif (x<<y){ */
xt+=1;
saveState(&.z) ;

}

else {
y+=1;
saveState( &) ;

}

K7 ke O

(3) Dl FR e 5 BRI 798 26 B g oy 9 1) B HC 4
] B A DX ISR R AT REIRAT 220K 11 21 B 1y 4R 7 I
RORHAE - BAE SR UGE AT J5 728 5 it B 1A 5% 1 ] fiE 5
ANt R RS R AR AR A o TR IR B A v A U R
175 BRE PP RS0 L 2% AR AT » FE 0 IR B 04T 58 IR 45
RAEFF R PAT. &L 8 7 ) T4 P1 R A 5 BORE I 7 R
TEADIE U] T RO T AR ORE L 0 B AU % R R B
(008 B 1A g — A e A e AL AR i o ) R IR
{6 A2 1y P RDIR 25 T ZEAR I o i1

int x=1;

for(int i=1; <=100; l++)<

/% for(int i=1; i<<100; i+—+){ x/
X * =1y

saveState( &) ;

}

K8 PRI R B

3.5 B &

TE bR R BEHOR Y SL Al B FRATTHE— 2B 3R OF
s S 2 (W DL B m A Fr
MFER p SRS M g5t (5 & B At
I TS Horp o J5 W) 178 53 A AR WAL & s b: 4 W]
TR P TR R R AT S BE R R
BEAEAT WK 5 1Y F7 15 IR & MSS., Hodh G s
5T R S AR o AEPAT IS BOAE TG 1 O s, B JE R
RN AR E SR (D \aRH#ETHIR k. X
MSS EFRHES G FRFEF 4GS BK JEA70) 1R
s (2) 4578 S (o B X A8 S AR R AT 23 A X T AR
SRR A kTR ) S R A L 4R B R S L AR
P28 S 0 R e o DA BB AR AR 45 (3D 8%
TR S RHEAT G L W TR AR S AR Y A R
SR AR 3.3 R E B R R b DR A TRy 24K
YR ZH %) IO R e B ) R I v TR 2 ) s AR A 3. 4
TN IS I RE P & T T Sy B 2H A SR A B B
P B S A AL B P AR o AR S B 2 iR R
UG ARBTG5 %4l b By 722
S ARTE S S b 1) B 1 A L RSN AR R IR
AT b BEFNPAAT 45 o F ] L 0 i 1) SRR Y s AR
b Z J5 WY TE A PRAIEFR 7 SE B 5 (4) AT I3 T 491
Xf T AR BB R L P AT I3 451 4 v i i A
1] s PO DR BT A A8 S A Y R R RDIR S AN
[ri) o JUJ 78 S A % BB K AR S R A 1 IR S AE A
MSS . 24 BT A 172 S Al 25 SE 50T A 1 0 X 491
AT 5 M HET 58 52

HiEL
testing.

INPUT: P,M={m, smy,+=smy} B={b by, by},

TS={t, sty sty)

OUTPUT: MSS= {1 +51) +{mz 520 s>+ s {m, +5,)}

PROCEDURE:

1. INITIALIZE: MSS to an empty set, G to an empty

Algorithm of concurrent weak mutation

set, BK to an empty set
2. FOR m; in M DO
3. FOR b; in B DO

4, In notEqual(xtatemem‘,,,,l e .\‘tatement,,_,,]) DO
5. m; belongs to g;

6. END IF

7. G=GU{g,}

8. END FOR

9. END FOR

10. FOR b; in B DO



1416 02 M S VI A 1! 2023 4
11.  extractStateVector(d;) (3) A5 ARy 2. AR BUS AR A S B, o b
12. END FOR ZALE TR )RR T P $ R Y PO AR AR A A TR
13. FOR g: in G DO HI2E. B, 28 AR mutant_0 1 mutant_1 J@ T [6]
14.  generate block program bk; g
15. BK=BKU {bk:} -

16. END FOR
17. FOR bk; in BK DO

18. FOR ¢ in T DO

19. IF isAllKilled() DO

20. BREAK

21. execute £; on bk; » produce test result of mutants
RTM and test result of original program rz,

22. FOR rt;, in RTM DO

23. IF notEqual(rt, ,rt,) DO

24, MSS=MSSU {{m; ,isKilled)}

25. END IF

26. END FOR

27. END FOR

28. END FOR

29. RETURN MSS

R AT B ARy LR TE
AR R SRR HOEcE D VLR R B B
T e B b X T8 — A8 SR T 20 Dy iR
) R AL LR R A 2 By OCS) W AR R
RS W B S B O(S X L), 7E& ol # s
XF T — 2 AR S A B AR SR B R D e FET
B 2B h OCS X ) +OC1), i i 6] 52 2% B hy

;
D1OCSXn) +0(1) =0(SX L) +0V). 7 i
=1

TR X RS R R IS AT BT A I R ), B
B H b i B A 78 S A B R B BB AT 4 R R
) 52 2% BE Ry OCT) , SR B[R] 52 2% FE oy OV X T . 5
IR 5 A S B L B (R A 44 O R L
AT B OCS) +O(SX L) 4+0(V)+O(VX T) =
O(SXL)+O(VXT).
3.6 FHiExRG

KM minmax 8 J5 7R 6] I % 55 728 5 0 i B
F. B9 78 2T R IR e i AR R 43 AR S AL T ik
RS RNT

(D AR B A AL T8 2k A5 RS AL {45 41 5] 19
AR B A8 IR R — B0 &) T B SR S 1R
iy 2 [E] 1 X1

(2) BFp 4y Ye. R FIRE ¥ 43 B B0 R % 15 I 72 7
HEATHREEH S B A5 3 10 AR Horb b, 104005
bs by b1 JENFFHL by by RAGIAER b by SR BB,

(DO P A I TR P02 S, 8 Y
SRR ESEBRT SR T
HEFR 2 PA T AR S R B AR S B T R R bR A 1
L IF RS AT. 10 R E T RFEAIER AR,
__fpid KR53 AR Y RS RAK . __count X 43 AN [A] 1)
S AL HEFRE fork B — FE RS SR T RESS
W BRI AAAT

(5) 1A v AR 2. R 3 1) 2 A T e A
J i R Y R R A AR S A Y R v ()RR 2 O
17 H 3 AR IR A A8 SR 0 A7 16 IR AL 1B 10 R i
saveState s R A TRAFACRS 1Y faf 1 s » BAR 28R
F C FE R fwrite — — IO PR AR S AT B o A2
fR A5 B () N AE R 45 sizeof i@ B4 78 4 1% I 3
TR 5t 1) B K.

(6) G S . Geit 7 4y P2 L A8 S 4k
Gy AR R ARG A A AT 45 2R A

int main(int argc, char* argV[]){

int datal[ 5], min, max.i,j.t,size;

for(r=0; t<<5; t++){

char *A=argv[+1];
datal z]=atoi(A);

5 >0

}

min=datal 0 ];

// min=data[ 1]; mutant_0
max=datal 0];

// max=data[ 1]; mutant_1
size=05;

izl;

> b,

while (i<Tsize) {

if (datali]<<min) {
| min=datali];

}

if (datali]>max) {
| max=data[i];

}
[it++;

}

printfl(“%d Y%d\n” ymin.max) ;
return 0;

}—> by

b

>bs

F’blu

—=>b;

F’ bg

by

B9 AUHS AN AR 544 R 4]
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int __fpid=—1;
int __count=—1;
int main(int arge, char *argv[ ]){
int data[ 5], min, max.i,j.t,size;
for(¢=0; t<<5; t++){
char *A=argv[+17;
datal[z]=atoi(A);
}
while(__ fpid 1=0&. & ++__count<<2){
__fpid=fork(;
if(__fpid==0) break;
wait(NULL) ;
y
H(__fpid==0){
switch(__count) {
case 0
if(VisKilled Gnutant_0) {
min=data[ 1];
max=datal 0];
size=2>5;
i=1 H
saveState( &.min, &max, &.size, &) ;
b else
exit(0);
break;
case 1.
if (VisKilled (mutant_1)) {
min=data[ 0]
max=data[ 17];
size=1353;
i=1 H
saveState(&emin, &max, &-size, &i);
b else
exit(0) ;
break;
default.
exit(0);
}
} else {
min=data[ 0];
max=datal 0];
size=5;
=1 H
saveState( &.min, &max. &.size, &i) ;
}
exit(0);
return 0;

K10 A IR
4 KIWiFfh

5578 SR 5 I AR SR R R TR Y
J7 B AR ST AT BT A R4 A A S I
Ml AR S 3.2 SR B 2 A i 7 3K e T A
FEAER AR OF K22 SR 5 55 748 500320 PRI & 55
A S 0 A2 5 A8 S I 1) 0 4 B[] U b 2k 6. AR
TR AR IR 2 E— PR AS BrE EA
BCPE 5 MR R A R 2R L AR SO kS R R O o
AL RCR.
4.1 WEREM

A S Aok S 3 P A 128 G YA B 5 T R

(1) FF % 55738 5 D 3 f 5 sk 20 A8 S 00 5 ) A 7
R [h] 7

Tk O K 5578 S 5 A% g S i S
VRN [A] 5 AT I R] AR I K 55 78 S DAL SBOR

(2) 59 % 72 S I3 R 55 73 S 0 3aCAH LG L O R
55 748 S5 D 4 o A S 5 ) 285 R Ay 2

3 3k S PP Al = b AR S5 A 1k B R 1 R 1k

(3) - 55788 S D0 22 5 DN 3 P A 80 1P 8 52 2

I e 5578 S I 5 T 55 28 S 0 e 2 S )
AT« [F] I 2 75 R AR AR S D3 78 40 1 PR A R .
SEI AL I & 55 78 S IR0 1% e A S IR A Rk
AR

(4) 5200 I I 55 78 S I B AR G AL KR 1Y 32
S

T 3 S 0 Ik 5 VA I 5 7 S DR A P A AL
IR R
4.2 ZXWXHR

ASCRZH CRFEMER TR 4. (D F
AP ERY . minmax 3R HC— 2 04 19 S5 R (E Rl
fe/IMH s bubble SZBLE W HE P 51k s triangle J& —A>
FI W = M TE 2 W B FR T s nextdate 318 F — K H
W (2 VT FREF &, teas 2 — P AT 88 B flf 18 72
J¥ ;schedule 1 schedule2 2 W~ & #£ )% ; tot_info
FEXTHE € 1Y A B A2 S S s print_tokens
F1 print_tokens2 & B /> 10 ik 43 A7 #% s replace 58 %
5 2 DC i A1 S 35 (3) space BE TP 4B, &T X B4 @ X

EH (ADL) R B, 32 1 BLAN T SCH X Gy B AR
2

EPoY
F1 IRBEFHEXRER
SR X G RESATEC WL ARCE AR M AR R AR

minmax 33 60 115
bubble 24 75 149
triangle 28 188 175
nextdate 83 377 405
tcas 133 1608 1291
tot_info 245 938 1882
schedule 288 2650 740
schedule2 264 2710 1028
print_tokens 431 4071 1377
print_tokens2 380 4055 1945
replace 494 5542 4031
space 5981 13497 15467

A 3 0 VA BT I X 491 4R 1 4 i O Sl
A BRSSO A o 3 S A B R A
P 5 98 )5 R G R 8 5 o0 SO o o S T
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Bl

1R 2023 4

AL
=B

SEAb TR K . B A AR E DRI 30
AN . 2% 1 rpe i B — A28 T
ATy i 0l ) B RS, R SRR R RS
IR AR S B PP Oy ik — 20, TR IE T 5 5k
YEHE A H 3 1 A

AR S B VE Ak BT Y A8 S AR Proteum™ A
Ji%. Proteum CHFEEVEAT AR 5 AR BB S5 R A AR R
SH DL AR AR 2SR, SIS L B e S BRI 1 i
i 1 1078 S A SRS U S5 8 e AL SN S SRR
S 53 AL B e AN AR T AT — R AR R
X F A7 B AR SR R N T 40 i O Xtk — 45 )
E HE A SR SR B E K U AR AR
PR NAE S AR A M B L 15 23R S M0 A8 R AR AR G

SCEy s AT M B i BC B N Intel Core 17-10700
1. 80 GHz CPU.24GB 47 .Ubuntu 20. 04. 4 R%.
BT Clang FaiFHESL LI C BP0 b 5 6 5.
GCC i C BJF 5728 Ak,
4.3 E=EIEMR

AR SR G i N e CTA FI3AT ik e ETA
P A48 b o DU A A 42 AR I AL R0, R AR 5=
1503 PEAL I % 55 78 S 00 3Ot A2 S 3 3 78 40 1Y)
AL

N L CTA AL AH R /) P Ak 2 A 48 i A%
e LN R S T N o A AP S = R/ v 1

TMCT—NMCT
TMCT

Horp TMCT 375 A% 55 7% S5-I ) 4 735 B 18], NMCT
FORKAIES FERES IR REREAR
Jei A8 SRR T 11 Gt 3 s [

PATINEE L ETA 327 #H B 4 08 Ak B R 45 6 1%
4578 S D BT R A A b A N
TMET—NMET
TMET
Hodr TMET 3R A% 5828 5 K ) $ A7 15 [a] , NMEET

FR R A SRR 5 i AT e Ja].
FHX AR 5455y RMS 1 5t 9 & 55 748 5 D0 A X

CTA = X 100%

(2

ETA = X100% (3)

T A G A S A R AG I RE 7 A S S AT
X SRR AG TN BE ST ISR, 48 E — A REY p 5 SR

TREE A MR IR 55 78 S 0034 o 6 R 48 55 748
SR B F 46 TScwwr. X8 SRS M R
T 5E 7% SR PAT IR B T Scwar F 11575
SRR R R AR AR S AR 47 A A AR i
N (1l

M, |

‘M

RMSY = X100 % (4

Horpry [ M, | R 3 48 T'Scwwr R T A% G2 19 78 5
IR B 2858 M b i A8 SRR [ M| o R AR
PRBSCE . A AR S 1 0B R 3 I O 2 55 728 e 1 i
F0 43 PE VARG A A R i R SR T R A )
P TE AT 11 52 i /N
4.4 ZBITE

FEXSWRSE IR 1 A0 2, # LA R A PR BEA T ST A -

(1) LIS RART p . EHOX Ry 19 BT A Ak
S S A (BRAT 722 S A 22 72 S A g 0 5 P 491 R A
S5 5 R P AT 45 SRS — 2o Oy AR S 0 AR RO
VER A8 SSARSE S M3k BT A I 3 461 4 A 3
HIBISE T

(2) 2R FH A b A S it 4 R (f% 5 748 53 DK L 9
AR SR | 55 A8 S I 3 R 5 & 55 7 S ) X AR S
TR P R 45 R 7 A9 Ak 3 126 A B PT PRAT R T 5 10
A RS P 2 3 B[]

(3) HAZ(2) + W, 8 4 Tl 8 S B AR 1) G
PR ]S

(4) BEBLFT HLI 3 31 14 5L PP

(5) % g ol A8 S 0 3 5 AR o A R 32 BT 3 441
T A I B2 15 T TR Y . 2T A
14 78 S A R AR S PR AT 58 i A 1% I 81 1 SR A
IO (AT BT [ 5

(6) T (4) F(5) =W T 53 19 Fh A8 5 I 3
BEA WA T B (8] 2 4A

(7 T3 & A Sk 55 4% S0 3k Fn 0 & 55
A S I A R 1 G 35 e CTA R AT in 2 L
ETA;

(O FHEE (D FE(T), H BRI L8 7#
Bl — 3k

EEXTBIFFE IR 3, 4% LA 45 PR EA T 52 50 E A

(1) BRI X RART p . EBOX Ry 1 BT A Ak
S S ARAE AR S AR A M R BRI A 4 D
BAE D B4 T s

(2) AR —A~ 28 W 4 T

(3) i FH IF % 55 748 S 03k 0 2% o8 AR S AR B R
HHFETT 5

C4) A 38 FH B8] 4 w1 B L i BB — 4 03 ] 48]
BATHALIT 5

(5) Az FH 5] 58 48 4% JE AR I3 v R 9 AR A
1 AR SR DK 40 i A 4 T

(6) R (DR, 2 FTA TR
PR 7 BB AT 58 T A B I 3 481 5

(O KM B4 T AL 52 2R
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(8) Gt A8 SARPIAETETE 0 A S 54547 5

(9) FA (2) B (8) W - T AH X A5 545 40 1)
F-HI{H.

EF XTI I ) 0 4 4% DA 25 BRI AT 52 50 P4

SRR p R T B B AR IR A
Bt o AT R T M o 38 AR R B S 9T R 89 AR R
I3 A 2850 2% 1 A DG
4.5 ZWHERESH

(1) J % 55978 5 X A5 R0 o fr. 36 2 fige 3
OGS T AL AR S I & AR S L 55 AR S
TR 5 9 K 55748 500 AR B R W F 12 A4S

B R T3 00 4 1R ) (8] 5 AT B () DL R fe = il ik ¢
ARHE T T8 5 78 S W3 B AR B I L. e, I & AR
S0 L 55 28 S 0 5 RN O & 55 8 S0k Y O 2
B He 43 9 92.38% . — 9. 30% Fl 92. 22% , -1
PAT I HE 4 31 Sk 50. 53 % (48. 79 % A1 71. 22%. 5
B 25 SR ] - 55 78 S 0 25 1 0 G 5 B ] L (B2 O
A S D AR O R 55 A8 S 0 1Y) e 5 BT 1) 34 B
ANTFAE G SR, HOI 55 78 S DU A AT B[R]
I b T 9F A72  Ia 55 748 e 0 3 A A R 2k 4
A BRI A 55 748 S5 AT DU R A% e A8 S D
18 3

R2 REFESHEFMEL

. 455 A SR I A SR 3575 5t 3 5 55 78 S
" B 6] /s Bl /s ik H/ % B i) /s Ik /Y i ] /s i L/ %
minmax 3.261 0. 337 89.67 3.675 —12.70 0. 344 89. 45
bubble 4. 221 0. 287 93. 20 4.612 —9. 26 0. 292 93. 08
triangle 4.921 0.276 94. 39 5. 305 —17.80 0. 287 94. 17
nextdate 11. 838 0.924 92.19 13.053 —10. 26 0.952 91. 96
schedule 27.593 3.173 88. 50 31.162 —12.93 3.234 88. 28
schedule2 39.272 3. 357 91. 45 43.230 —10. 08 3. 424 91. 28
tcas 41. 213 1. 436 96. 52 43.322 —5.12 1. 460 96. 46
print_tokens 56.011 4. 890 91. 27 61. 888 —10. 49 4.994 91. 08
print_tokens2 74. 500 7.119 90. 44 82.517 —10.76 7.247 90. 27
tot_info 84.569 4.007 95. 26 89. 550 —5. 89 4.078 95.18
replace 174. 247 9. 388 94.61 186. 439 —7.00 9. 548 94. 52
space 3161.914 283.198 91. 04 3457. 048 —9.33 287.993 90. 89
£ 3 HITHESHITMEL
. e oA i 3 R A R 5 R 3 557 B i
= B 5] /s W 1l /s ikt /% Wl /s Mk L/ % ] /s i L/ %%
minmax 0.515 0.199 61. 36 0. 283 45. 05 0.175 66. 02
bubble 0.703 0.593 15. 65 0.188 73.26 0.174 75. 25
triangle 1.961 0. 874 55.43 1. 857 5. 30 0. 849 56. 71
nextdate 2.060 0. 809 60. 73 1. 050 49.03 0.426 79. 32
schedule 45. 985 31.932 30. 56 32. 980 28. 28 21.596 53.04
schedule2 183. 621 91. 951 49. 92 64. 001 65. 15 45.039 75. 47
tcas 28.635 10. 719 62.57 12. 896 54. 96 5.075 82.28
print_tokens 108. 106 52.779 51.18 32.517 69. 92 22.079 79.58
print_tokens2 131.014 58.182 55.59 105. 562 19. 43 47.513 63.73
tot_info 39. 256 19. 996 49. 06 20. 044 48. 94 12. 877 67. 20
replace 210. 941 147.908 29. 88 111.167 47. 30 72.320 65.72
space 7419. 321 1152. 435 84.47 1571. 678 78.82 713.032 90. 39

(2) I & 5578 52 0 ) 16 A B0 43 #r. G 1R T
Ii] 5 5 2 B AR 11 400 R R 7 3B A O, O R AR S
3R L 55 728 S K L & 55 A8 S 0 = A AR S
A AR B 25 % 0 e A 1 11 B . AE 55 AR S s
e, SRy T AR IR T I TR AR 2 X R R AR AT T8
b L G 1 8] A% 6 AR S 0K 1 2 13 1 T
DR O 20 13 0 32 LG o B fE. < CMT” 37 9 & 78 5
B WMT” R 5578 5 “CWMT” %R I & 55
AR SR S 25 R R O I & AR 5 I X A S

0P 2 5 o AT A R O R AR
¥ A D T R B TUAR AR 1) 20 P I ] 5 ©) 55 742
St DN ACHE N T 2 328 B I) o 3 B PR R A R A A
FIA T BN G 5 TT 8 5 @ IF S 55 72 57 I A 2 =%
P& T+ 2 AR A [ I A R A T 58 7 S I )
VI )T 5.

I PR T I 18] 55 P03 R AT 18 BRI B X A
AT BRI TR AH G 5 e 72 5 0 4 AT L gl 20 0 3 AT 1Y
YA AEL R AT D80 BRI PAA T ) 1) PR A 7 —



T

Bl

1R 2023 4

AL
=B

| RN

[MCMT OWMT BCWMT]

O R A C N
W& &
¥ R

SN 5
B 11 gaidmE

UCIRAT I 75 S AT A2 S 0K 1) i A R e e s 355 78 S
0 32T LA/ B I AT A N ) 5 T T 5 78 S
20T L[] A g 20 0 3K SR AT A9 U KA B IR AT B I
(). I 728 S 3 | 55 722 S 04k O Ok 55 78 e 4l =
Tofr 78 e 0 3G A 5 R B PRAT s e An & 12 B s
“CMT” KR I & A2 S s “ WM T 7R 55 7% S
5 “CWMT7 R I & 859748 5 k. Horpr, 9 2 A8 5
AN 55 A2 S A o i AE 4 A SEE R R Ok F]
6020 LA b B PRAT Ik LE 5 9 & 5578 S5 Wl 7E 6 4> 52
X% EaRE) 70 % A B ERAT I b = b AR
R ARAE K HALFE T space b 19 $RAT U 16 88021 B
i, CMT 7£ bubble, WMT #£ triangle, CWMT 7¥£
schedule | BT 0 A0 80 SR fie 22 I & A8 57 3 Al
55 78 S M 7 AN ) S 3 0 2 E R B A — B AT
N B 5 3 e 55 78 S DU 7E BT A L g X 4 B R
th g i 1 BTN B EL i B L #R R A 50 4.

100.00
90.00}
80.00 o -

« 000 7 .

53 60.00

®50.00f

=

12 40.00}

30,00}
20.001
10.00]

(MCMT OWMT B CWMT]

K12 AT

TR E W © =Fh A2 L AL BAR
I 55788 S5 DN A AL S PR N 3 L A e e G
P T I A S R 555 A S N R AR A 25 © Bl
A FE P BUBL IS8 I 9 2 55 72 S 00 3K 1) SR 0 L
A P SE T BRI 55 72 S 0 A B R R AR e 119
A2 S DA PRAT T 5 ) I A 74 S5 0 4 535 28 S )
AP ROCR T o 0 I e 55 72 5 03K 1) AU AT o
P

- 55 72 5 WA SRAT o3k EE B T -5 28 e
PR L5 5250 0 G 7 7 45 A 5. LRt
oK s triangle 325y 2% 1 ) W7 A0 i b 3 R0 28 S B
LS RICELE o9 VNI RIES K2 SR i N S S B e o
I AL ROCR A BRI e 55 A2 7 I X A9 Sh0AT o s
E 2 I A AL 3R 45 s bubble & 77 AR UBLEL/)N
By Z A>3 5 A O BRI R Al B B P AT B
S B A 535 7 S M A A L A Xk O e 5 7
S I A SR o B R T B I R

(3) I 5553 78 S I 4 0f 28 S 000 3 2P 1) 2 )
or M. 55578 5 0K — R O e 55 AR S R AR S
PRORIEHEAT T 55 H A0 B8 R AR B o AR 25 25 S 4K
R Y 10 i 22 S0 A S R TR R R HE AT R L A
FIB DRI AL 1. i T ARy i 2 L AR R 1
AR AN — JE W R T 1Y) B 28 B i L BB A8 O AE 55 7 S
F8 0 32 P 91 AN — o RE A% T AR L ) 5 A S KL T R 5
A2 S DN F 72 70 DAk 9 A 0k AT RE A2 R .

FA BT I K857 S I A AR G AR 5 A 23 B
45 R A i O S 55 7 S A X T AR 8L S
A B A I BE ) b TS0 27 M 4] 42 4
TSewwr 7R A% 58I 585 78 S 4K 1 Pk 491 5 4
T Sewr 22718 7% FE 1 748 53t VA B0 AR I 79 AH X A2 53 7
I3 A YO P B EL BRIk D 12 A 525 X
G, 11 A 926 X B A8 S AR 0 A BT R B L P 2

x4 AMERES

S5 T‘SALI.%?E . ’ij’%— T%‘WMT%% THXTQ%

B /% AR EREK 445y / %
minmax 115 100. 00 111.8 97.22
bubble 149 100. 00 148.7 99. 80
triangle 175 100. 00 175.0 100. 00
nextdate 405 100. 00 385.7 95.23
schedule 740 100. 00 733.7 99. 15
schedule2 1027 99. 90 934. 2 90. 88
teas 1291 100. 00 1235.9 95.73
print_tokens 1377 100. 00 1367.9 99. 34
print_tokens2 1945 100. 00 1943. 1 99. 90
tot_info 1882 100. 00 1839. 3 97.73
replace 3889 96. 48 3745.1 92.91
space 13835 89. 45 13560. 7 87.68




7

INE F A CWMT . —Fh T3 Z AL Y 55 728 7 0 3o 32 5 A

1421

IR T 2. 520 , F& U I K A8 S5 0 3 A8 2 A% S AT 1Y
[ B 300 5 A P PP A A — 2 B B2 e s @ T T A
[vi) 14 552 565 % G2 0 9 & 559 A8 5 D00 4k %) A X AR A5 4y
() 22 5 K. 1, schedule2 il space Y 48 5545 43
SR IBEAR T 9. 03 % 1. 77 %% WA IF K 55 78 S it
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Background

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 and a long testing period prevents
mutation testing from being widely adopted in practice. We
observe that the bulk of codes in multiple mutants are repeatedly
executed through an analysis of the mutation testing process.
In this paper, we explore the improvement of mutation
testing in terms of reducing its execution time and accordingly
propose a concurrent weak mutation testing approach, which
provides an optimal mechanism to removal of redundant
executions by using the combination of concurrent controls
and program synthesis techniques, aiming at shortening the
execution time of mutation testing. An empirical study has
been conducted in which 12 C programs were used as subject

program to evaluate the effectiveness and efficiency of the

proposed approach and analyze the impact factors of performance
optimization. Experimental results show that the proposed
approach can significantly improve the efficiency of mutation
testing, with an average reduction rate of more than 50% for
all subject programs and up to 99% for those large-scale
programs. The proposed technique provide a new solution to
accelerate mutation testing without the need of special infra-
structure. It is also very promising to explore the integration
with existing optimized techniques to deliver an even faster
mutation testing technique.
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