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Abstract

Mutation testing is a powerful method of software testing. As a means of finding faults and unco-
vering test suite defects, the method of test case generation is crucially important. If the test case
can generate efficiently and achieve a higher mutation score, it has the potential to help mutation
testing be widely adopted. At present, most of the mutation test case generation methods are
based on the analysis of the control flow graph, using only the control flow constraint between the
statements to guide the generation of test cases, without considering the influence of the data flow
constraint among the statements. In this paper, a mutation test case generation method combined
with data flow constraint is proposed. First, the control flow constraint and the data flow con-
straint were combined to model the fitness function; second, the model was used in genetic algo-
rithms to guide the selection and evolution of the test cases. Experiments show that the average
iteration number is reduced by 60.53% when generating the same scale test set compared to HGA,
and the generated test cases get a 27.9% higher mutation score than random method, showing a
better error detection ability.
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1. 518

B RO B 77 i o7 B R A 7 R SR A A 25 R R B AR o AR R IR — P AT A R R A
WA, AT 70 2 PR VAR R X 90 P o AR S0 T BRI SRR AR A A8A[1], d
A5 AR S B AR G MRS AOURE e Hh AT REAF AE I A AR B 7 AR AR S AR, AR S SR REE A1 SE 1 AR S A 1) I
A2 AR IR EZN A T e, WA %% R TR, im0, 1 i 7 it
J71[3] [4] [5] [6] [7]. —MCABHL T, ARHEAR F 0P 4 i AR R AR 5 A8 S Ak R B iR I RE 1. — VR
WA A M IR P IX 43 R (R A 491 0 20005 J2 = AN 25 AR [8]: IR PR AUALE— 26 N M T ARG
B33 B A AT R AE) s RSB CEE AT A R TER), M P PRSP IEA R ARSI R CE
PATERIER], M P FPIRAS Z 7 — BRI FARPATL ).

Grfar A RS A 91 7 AR St 23 OC EE 2, LA )7 S sl 491 2B 7 7% 2 2245 CBT (Constraint-Based
Test data generation, %245 % 777%) [9]. DDR (Dynamic Domain Reduction test data generation, #fj7%
B 5775) [10]. DRD (Domain Reduction approach with Data dependence, % &8 (a5 851 I 7 ) [7]
F1 GA (Generation Algorithm, 834& 50154 il 5 i B0 777%) [11]. CBT KA SR oA 28 AR T AT
PESRAF AL LR R, S —Fh w8 IR 9 A 7 v, A CBT A DA AR B %o By N\ AR B 0 5 1 541 W 2 A4 A
#ik3(; DDR MRAEFEHISh AR AR LN, Sodt 104 AN AL B A WO AT S5 A A U b B, 3R
A7 CBT FAERIER AL, (HARFHEEEIEOB: DRD B E IS SR 2 R R G I DDR HEAT K, (H
RAET I B LS s B EE ;. GA R T4t D78 o 1k o DU ey A 1 7 B B B Y, B 2 AR
PSSR EATIN,  (RIXFRIINAA T S HAR R A R, A RA T, B A IR 18RI

NS B A A e ], AR SR T P S B R 20 R AR S I 9 A T . T
T8 52 FRBUAR IR 2 R I FLBUSET BT NN B0 O 48 s B 1, 152, 45 G i U 20 ORI 580 i £ SR
SLAIE (R3S T RO s RIS, K DR A7) SR AR ) R i Ao I T R T A e, R T BE P R
H ARG T e AT SRR, AT A IE S EEFR T 00 A 9 AR A A 385 B 245 31 B AR XA 1)
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Figure 1. The method flow chart
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4L M L B fitness (X ) s BUBRIAE 405 PRV B B 1 S SRS R fitness (X )
HORAITR, PR SR R AT R RS, ST S MR TR, VRIS RIRS, 5%
FEUP) R R R LR A S BT 1, SEM I D SR SR 2 4 IR R 5, EL A B P

2.1. BN ERHER

T PR B FE T R TR RAZ G, B 513 D A9 A2 bt A s o 8 R 2 ) o L B2 A e 1)
SURHEAT, BRUE R REE RAVIFIR o AT 7772 25088 LA SR FH 428 1) 3 24 SR A S [ 32 o 3R Y
AR, REHIRARMBITRA R SRk, R SCREB AR SIS N B R B, RAE A
P S AR AR S VRO I 51 948 S I R M BEAL  & NBE B BBy an ] 2 fro, 7y 3 AR
BERTER: 1) MEIEHIRLI R R Hcf _constraint(X ) ; 2) 4@ i £ sk £ df _constraint (X ) ;
3) HESLIE )N MRS fitness(X ) .

1) R L5 R % cf _constraint (X)

FEHR LI Tl R v I S, HO kSRS T BN FP 1 CFG I #84h M. & %e /it CFG B4
B A IELT K, SR 5 AR A A A BTTE 23 S e SRk s B SCBE BS, Sem BB /K P A 3 S
B LR B I 3t 42 1) R TR R B

i@ K P PR A () e 78 o H AR 156, R X BT A 5 F AR 1 ) 1 i
BFEEE, idfEappr(X), BRI RARAT I H AR S A AR A s RO TR . 2800, AR
Fr LRy, 15 3 Ry 1 s hlia el BoEiEa) 4 2T 1 EARIAER), 45 H = AR L
#: i =(123). i,=(5,6,6). i;=(10,310), IS5 HEENP(i)={12567} . P(i,)={12356,7
P (i;)={1,2,35,6,7} . {EIX=AARFEIMEREAE B, i, M0y HERATRIER) 3, 11 i WERAT e &5
1) 2 Z s BARTER) 4 BIER 30, BT ARSI i, A0, BLIURECHE i) (3 S R LT . R, 435005 3L,
i, i, (K&K FAy: appr(iy)=1+ appr(i,)=0F1appr(i;)=0.

3 SRR T F R VPAl B AR 73 SO B ROt AR B, ROn Al B bR 23 SO N BB s R, A E
dist(X), &R B b8 5 A FTE S M AMHE AR, BRitRRIER w0 1 fioR[12]. dist(X)
RPN, AR B BRI T B A0S H bR AR S 1 ) 1A 7 o A PR A

il 20 ek Biic Jy of _constraint (X ), 5 3 cf _constraint(X ) Jy appr (X ) il normalize dist (X )) )
A, =R (L) R

cf _constraint = appr (X )+ normalize(dist (X )) 1)

Hrfr: normalize(dist (X)) Abriffb SRR, w1=(2) Hizs:

o IR RAE RS
| ¥ FU R 20
> 3 ™. 1 o » 2 fﬂ” { 2 £  —
/ &VE'JC‘;?EEQ /L "] ¢f constraint (X)
> THHAR R A
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Figure 2. Mapping of fitness function modeling
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Figure 3. The control flow graph of program 1
E 3. 2% 1 pEslRE

1 public int function(int x,int y,int z){
2 if(x>3){
3 ifty=1){
4 7=7+X,

}

}

5 if(z>=2){

z=z-1;

)
7 return z;

Program 1. Sample program

iEFF 1 mBREF

Table 1. Branch distance calculation table

=1L SXEEITER

93 35K AE RN (&3
a== 0 abs (a—b)
al=b 0 1
a<b 0 abs (@a—b) +k
a<=b 0 Abs (a—b)
a>b 0 abs (@a—b) +k
a>=h 0 abs (@a—b)
allb min(dist(a),dist(b)) dist (a) + dist (b)
a&&b dist(a) + dist(b) min(dist(a),dist(b))
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normalize dist(X ))=1-1.01" ") @

P2 A L0 AR RR H of _constraint (X)) (OB RN, UERA U A R R D BEVE SR A IRZ, BRI
SRRk AL cf _constraint (X ) frOEEE A, U350 B 0K P 491 gl 9 0 B2 2% 4

2) MIEEHIRIR L AR # df _ constraint (X )

Helm i 20 R TR s ] A AT B AR 0 H bR AR e L —— BRI B R AR, R il i) o
R E N —— R RE R E L. ER, #i& DFG I, CFG H4h s, WM BZ 487 DFG
B, CFG Hi4h fO BT DFG Hi A, tHEEHRRA RN, E5EH DFG 1515348 Fif 4] &2 &
SRR, SRR LRAMEARGEGIHREE X —MHE, RERIEE L —/HERITH

HAR R LR
AR IR AR R HE y df _constraint (X)), & XA E(3)FiR:
df _ constraint(X) :1—%56(” ©)]
> def —use
i=1
s def —use(X ) it A I PAT B AR T8 75 H AR R BN 8 SC—— R R M il A 4
B B AR _constraint(X ) eotrs, 51 S8 YR b i T e
Zdef —use
. SR y . def —use(X)
AR E ST s R, HEARRLIH R % df _constraint (X ) ffEik, B —————2 M
> def —use
i=1

/Ny DR AT A SR A A AR 78 R AN 78 0

3) LI AL RO fitness(X )

S ST PR R R BSOS R R AR ST VA R SR, 3 N AR e IR AR 5 i b A, 45 SR
(AL RIS P A9 (R 5 o 3 LR R i My fitness (X)), 4 3 5 A4 1l 240 B R 500 008 I 240 o i 4
Mgt Em, wn@)ps:

fitness(X )=a=*cf _constraint(X )+b=df _constraint(X) 4
o s b AR AL R R HORECE I 20 R SR B B R, How U8y (0,1 Ha+b=1.

XA A Ik 0 AN A IE S R ok % fitness (X ) =0 1 78 B4 1F . B 4 I 40 R R 3
cf _constraint (X ) /), i (083 2 ATk 2 1, BHR AL SRR B df _ constraint (X ) i), KA
BT B AR SR AR B s MR 70 . BITLL, MACIE R R KL fitness (X)) /i, Uik FA 91 O B T 2 42
5 PR RE G R R, Hon AR i A AR B 0 L —— B ARE e 7e 7y . R, PR
JRG1 A= B3 v R T 8 4 A 13 B B fitness (X ) (9 580/ I

2.2. MXFABIE R

AT B A B P (8%, AR SOV R P 91 A v R e i, 1 3 2P e 4 fitness (X ) e/ M
e, R A SR R . AREE N A SRR B 0 A o 78, S OB I H DT AR

TR FE 92 O R 6 T BEATLVR AL MR PRI, SR P 45 RO R FE o 4 fitness (X)) o541 4 F 491
Serb S HIBIRGE RN, VRS HIBIRII0 S MEESEERS, SR MERS EEX . B REEA R —
B, Foa P& R 52 WL, e, WS BARME, HAWAL, RS 0G5 EE
Wik RIS B R A R, AW, BERA RN BAREmE 4 fros.
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Figure 4. The test case generation flow chart
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AT B B B R, SR IE R P e B A R o T i B 2R A B A SRR SRS
LA B R AR 0 R AR A

1) e A I 15 D CRAEI i Bl B0 2 A 2 SR R BE AL VR AR R MR AT 6 0 1 51 2 5

2) i Tl H g S T RA . SRR R AL, AT IR R g I A SR AR A A
BEAT GRS 5

3) VMR GG R ARHE fitness (X ) TS0 1 P03 182 18 AR 3 TSR (K HE 1L 5

4) SEREEFERAE: A2 MARRIERRNE, AR AREIERNE, K DR AR N
JATE DX 8], DX OR /N gl P A8 RO RE T S 2 E o e A PR ORAIE 1 & PP A3z v B REE 36 15 3 {1k
IERE, SRS MR R A A RB AR — B0 AR TN P B AR ARG L JRE S R S AR AIE B 0 1 1)
BTAG

5) SERtiAC XAt BLERAR 3 2 H KSR AE AR S 1] PR R AN AT AT R . A5 9 DAL E (58 SO
PONZIE, R G4 P RELIZE S PTASHI B, X FL SRt B A MR (K BE ML 58 AR A 5

6) SEHiASRERAE: AR T AME SRR RGO, OREFIMAZFENE . AT DL E AR R B P,
N, X B St ) A2 1 AR 44

7) LB HIRARECE B FE 2 1k A 13 ML RE Tk B PUE A I R 2k

3. SKERSHR

N T SRR B A ST IR AT AT, 2 59 MUK FE 481 1 A Rk R R B 0 A T THTHEAT T SE 56

1) IR AR R 2 S 4

A= SAIETCARAEFE T N, WA AR R 4 AD—B A8 b AT 7 SE8, AR AR =08 =
I =263, S = MIERIR . IRIEEIME ML IS, BRI YR P i 0.7, AERMR P, %
H 0.05, S EARIREUER 100, FREERUEE M %58 20, XA SARIET 10 RELEE . SLIREE s 2 .

MFE 2 FTLLE H, 5T ROR 28 S 801 A2 i) 2 N SAR, 2428 BRI T HGA J5 i/ I,
ARSI TTVEAE P38 3BARR B 98D T 56.1%; X T8 F AORB A8 53 574 il 1) 2 A8 Sk, AR5 HGA
THEBCE AN IR BT, RSO 7 iA8 B - F 350 R B HGA J7iE1 35%, /b T 65%. K] 5
e 2 F AR T AR R S B A AR B LI, R R AL T AR AR A, B
DAAR I 7 23R I 7 4 o 0 00 3 P 49 A P28

2) WA A A e ) S 45 R

WS A BNER)E R EARF R T, 2l HBENL % o % 42 78 55 TR A 8% % HGA U7
IRANA ST VEAE R — & B I I T 5256 . B2 Mid s — AR 3 NSRBI, %REF4
PRI, BRI ASCOVEE R R G M REF R RNH : FEF TriTyp 2 = MR AE R T, AR S
RFAHBERE IR, EERRWAEASONEEE RGP I S #2757 Quad SR — 6 IR ITF2 1)

Table 2. Experimental results of test case generation efficiency

2. MO E R ELIELEER

PEEAUEL PERRETIBURI I ey i P O

T I HGA[14] A Jiihk HGA  AJiik HGA H L3
1.ROR [13] ( “==" &7 H “>=") 10 65 38 8 8 58.5%
2.ROR ( “<=" RN “<”) 10 17 5 9 10 29.4%
3. AORB [13] ( “+” AL 5ty “*7 ) 10 5 1 10 10 20%
4. AORB ( “+” 85Ny “=7) 10 2 1 10 10 50%
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R, 25 Sample FWiw H2H A 28 5 H AR £ I AH RIFE B, NextDate SKAFEH A H IR T — K, kil
RIS FAE R IR R MR R« SREG 45 SR a3 3 Fiow.

e 3, THEAILLECR RV A, SRR Mid 8 HGA FIAR 732 AE A% 7 I A 461145 31 7 A8 S o
SyAHIE, AL FRENL S T 9.5%; XHREFP TriTyp 1 FH A 772445 BI04 307 73 Lk HGA J5i%:5 3.5%,
FLBENL 7325 33.3%; XF T FERA Quad. Sample Al NextDate, 1 A S J732:45 3 (28 B 14> Eb HGA J5 1%
3ol T 5.1%. 4.3%H1 8.5%, ML TBENL T EA B R KSE S, 2nlE T 41%. 26.1%F1 29.6%.

SRR TR R 2 S R AR AR SRR LR 6 FTR. AT DLE H, Al AR iR AR

Table 3. Experimental results of test case error detection ability
7= 3. MX A I ER

R AR 2&1?5?%5%@73&‘%%%
R ERAT 5 SRR RAEABEEL

BaHLITEE  HGA  ASUThik [ IWIRES HGA

Mid ROR 21 16 18 18 9.5% 0%
TriTyp AORB. ROR 57 32 49 51 33.3% 3.5%
Quad ROR 39 20 34 36 41% 5.1%
Sample AORS, ROR 23 14 19 20 26.1% 4.3%
NextDate ~ AORBCOR, COD, ROR 71 50 65 71 29.6% 8.5%

4. AORB (“+"TERH ") % WARTE #HGA

e 3. AORB (u+uggjju*u) %ss

B 2.ROR(“<="TRH"<")

1.ROR (“=="ZF A >=")

0 10 20 30 40 50 60 70
FEERRE
Figure 5. Average iteration number contrast
5. FHEAROREISEE

80
BEHLE B HGA B K%

Quad Sample Nextday
Wit
Figure 6. Comparison of the number of killed mutants
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MBI R BRI R BCRE  %, LUBENLIVER HGA (078 Ak R LR #0H — e R BE I v, R T
BB R R DU

4, G5RIE

ARSCHRM T — M s S B IR AR A A B A2 BTV, 787075 P8 AR S i 1) rh AR B U AR 5
Wil o B S I IRAR 7 ) BUAL B M AR G5 M AR F) SR R, 0 AR 33 1 ) 0 SRR BT 26 AR 2L B AR
RS IR BRI A 25, AN R0l 0 AT 42 rh AR S i R Bl Je A2 B 1 5 ——
il P AR T S A IE BRI A AR &, 45 B PR R 20 AR R i 20 O R 37 3 PR T 7 R A Y s o
Ja, FET AR SEE IR AN LR 0 42 R 2R BE 0, AU P 51 A 2 B2 9 o ] U e
MR, AR ] ASSCE I SIS UE ] 1A VE A S e, DA 5 oAty i 2 T B
X L S S — P IRAIE 1A 1 AL S AR g

AL T7VE BN T A T — A R I G B AR B, R A SOOI N T B s A R AE
i AL S A M A fp it — D MW TE . A2 2 AL SR R) I 0 SO s Ak A, HAEXS AR SR i A) h s
5E L —— AR e R AT REZ IO 26 PE T, TR0 25 R AR S 1 ) L 1A] BRI OR 2846 T E2E BRI I % A6 2
AR AR I 1]

E&WE

[ 2% H SRRl E I 4 B B H (11575138) ;274 4 Tk A 635 H % BhI H (2013K06-20); A e i R AR}
TV 2% 3 5 T3 4 B Bh T H (X3J2015122); s A8 E TR S S E 58 8 A sz 06 = P O H (SKLK16-08).
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