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Method of Evolutionary Testing Based on Unstructured Control Flow

JIANG Sheng LU Yan-sheng
(School of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract Evolutionary testing is a highly effective technique for automatically generating high quality test data, which
is used for structural testing, However,under the criterion of Node-oriented, testing of unstructured programs is ineffi-
cient and leading the technique degenerates to random testing. In this paper, with regard to the unstructured programs
that contain arbitrary jump statement inner a loop body,a method of fitness calculation based on traditional approach
was proposed,in which the impact of the number of iteration for evolutionary search was adequately considered. The ex-

periments were then presented and the results show that the fitness function could effectively guide evolutionary search

to find required test data at low cost.
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RN RAEEL R KRB AN Y AN EH
HEMRAF R RAH 0% EAY . B4R E 3
AETT LA S 3 i PR AR K 10 T 2R A » T B 3 AL 30 S T W Fy B
EREREM LA 8 34 R

BB R EE T X B 4R 2 B Ay 40 3 A JR SCAE ik AL B
B ERRT-REENNERTEY . BE RO AEE
RBEHY: . #HILRIRK (Evolutionary Testing) & — i Fl o
HEEHRGE TRER, EFERETECSREERIEAR
A SRR R A BOERE Y SRR T ER A
7T 40 = R i R 9 4 T R A O — st AL R IR, B 1
JBR T BRI B vk A K R B — MR TR ALK
B 45— BB ST B A A D — I S X Pk 4 0 0 A S B
ER—PBFBA, FEAZRARALRRFEN. E
37 BE BR B R e T BB 1A B0 8 17 B, 3 B BEE R LA R A B
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PR AE g —Fh B R A &S M PR O 2, B A RN I
WERZ AR, ZETE 3195 S A0 R HE ) T ST SRS ML B P AT
iR P, YBRF 5] AL BB (Arbi-
trary Jump Statement) J& , L3l goto(BLAME R goto i&A] MIAT
4B FE return, break F continue 245) , BN EH M ETIE
SEHAERE . EEREEANERAEBFENERHREEE
ZeRUR IR, L AEPE IR 4k P A LB BLAT , S5 5 10 2 57 DL
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WEIM“EARFEHR” (SpaghettiCode) B ET . dy T LR
T LB IR B T BB B KT, T RIS L
P AR AR BRI T, b B 3 2 R
PR Pt & B A 3E DL B R it L R B TER
PR R .

AH 2 TN BEFRRMRRAMKREE; 3 WHITENL,
FHH HH—FE N R BT B U BAR B S R B X R
Rt E s 8 4 TANLZBRALRES B
JRHITRES.

2 EEREMAXE®

2.1 i ER

R ZA T ISR XS BNKRGF R
HERSEHENATT RANGRER IEUE S X E S &
HEESN, BB EATERENR, REE— W
WHEBVET » RIS BE AL R A .

7 LATH] 1695 A& A0 308 35 4 v A7 o0 1 SR , A4
TENLEE BT SE B & B A4, B3 B IR (Approxima-
tion Level) #14> % #6% (Branch Distance) 1, i (2) Fr7s.
Approximation Level 7R A EMHATIRES B 8 &K
HEBN —-TER, L8 £ ¥ 3 X8 4 X (Critical
Branch) , X84 TR MR S B H M EIEEFIM X,
H2R—-MARBRSINEHNREERGL. b e 2
BN EXRAXERTEINTAINTELANEF S
X. PRSHFAIAESFBAERF EATEREAT S S,
R — K85 37, Approximation Level B {H f X BT 5 &
5B AHEXES BB E L, flm, RS F 4
3 Approximation Level K/N R 1—1=0, P H4 W F 4K
Approximation Level 2y 2—1=1,

LSRR SR P AT ERE T AR RS ]
T, M B 3E R B A9 28 — &R 4> Bl i+ B Branch Distance,
Branch Distance M{E#R T X M85 2 5, a0 ME 5%
RERBAR (B4 GRS WEEERE. Flmyas,
BRHESZEMER z=—y, BH F 4 X BT, MR 5
KTF M4 32 54 ) Branch Distance iy d= | z— x|, X4k
RIKE d=0, B fitness=0 B, T 1 5 1 T 43 3048 LATK B $k,
7B ERES.

B2 —PWAXESZHEHREERG
normalize(d)=1—1, 0017¢ (&)

Sfitness=approximation level +normalize(d) @

KD, d= cost(P), I H—AIEME, P o &1,
cost(P) R 2 P Y Branch Distance, 2, % —P BEH
BB, W d=cost(—P), normalize(d) &—4
B/METR, R d RAZE[0, D, #HXARFRS X 4 #it
HZ WM [10]. T Approximation Level M4 ¥ 3¢ 88 5 X
BTHE™ . — i, ZEAR AL 72 P R T AL B A 5 O B
BB/, EERPBRAG , SH X BB
[i)=F &% % svk: T8 &

AR, E R R E R TN RN
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BB R AT . — AN BE R B R N R Y
FEMER, B R E T ENE SRS
A R B AL, FLURSE R B PR 007 3 5 | 33 R 18
R I AR A BRI A0
2.2 agIEHRAERRAELNRDE

B A SCERL11 142 s A T b it o8 7 JEE R /e, K
B35 T4 PR UG 5 B A T8 B O T LIS AT R
BEEEFER AN EE ISR, HERTFHERRER
eI ER , B A AN R . FI8E 3 Finl
BB, B TR AN O S BERE4, 4 goto B return
BB URATE, M F IR &S 1 B 8 S 88K Tk Bk,
FHR 1A EEA RISt w, £3xE6,12]
PN ERE. WAERENARED, WEERRLH.
0 Linux2. 6. 14 JEH5 kernel FP43(4 &5 B 0. 7%6), 25
i B AR AL B (TESR N & goto 1 return iE4T])
B R LA 107 4k Hor FE3F 75 IR, while &3 32 %),

HitE 1 BitE 2
#define ARRAYSIZE 10 ’ #define ARRAYSIZE 10
int LoopFunc (char afARRAYSIZE] ){ int Find(char alARRAYSIZE],

intrt; char BIARRAYSIZE]){
@ for(int i=0;i< ARRAYSIZE;i++){ inti=0;
@ rt=i; bool flag=true;
@ ifafiji=0) while(flag){
@ gotoout; if(a[i]>b[i})
} return i;
® printf("Find!)y/ H #1795 £ o~
® retum -1; flag=(i<ARRAYSIZE);

out:
@ printf{"Jumped to stop. i=%d\n",1t);
return rt;

H }

B3 WIS R e AR

%2 1 o, BREL LoopFunc FHEFERE & goto iFH],
BHWAMTEFEE, RBUSTA B o, BF PN FE
Ao Fald]! =0, MBFRBHEENA T, ARBAEMYT
B BUA RN AR 1 s, B 1 A 2 4504 =
3 =4 BHEBEM a[i]! =0 N HE, BT E BB HBR.
R BAE G 7 B fitness, =fitness, , B REBH RFHE.
ExTFHRERTS, B 2 HE LA | EEERINITE
MR G, dER R, 7 goto IEA A B AT, FEFF K
BEE. ARNEERERE, RZ, B K EGRE, LR
BIWRA R A H g0 S ERE AR, A B 3 A 1
AR, M fitness, <fitness; , B I, TEXT & goto 15 /8] (B,
B2 2 Sy return BA)) IEFFRIEAT SELIES , B4
BATEEEF S| S B TWIAE R T H Z R,
T B4 XT e S h PR O FOE N BT T B .

M 1R IEY % 5 F Approximation Level 3T&
K3, M RA H TR Branch Distance B0 IE B .

#1 EEFETATHAR 1 U RIGENETHE

}
printf{"Find!");// H #1345 &%
return -1;

#HEE
Vi) - BUEEX AXEH EHE
1 a{0,0,0,1,1,1,1,1,1,1}  i=3 0 1 0. 001
2 a{0,0,0,0,1,1,1,1,1,1}  i=4 0 1 0.001
3 al0,0,0,0,3,1,1,1,1,1)  i=¢4 0 3 0. 003

AR SCIR( 9 7P 56 T SCBL AN i 4Kty ok 5 B 1
PR 4, BNE 4 5 Jump” B R LE, WL B B9 5
SHABMEBT A LIHANTR S EXRTFHA ;MY
“Tump”HFFAERT, 1R 1 FFE— KA TERL LT 5 ETA



SZAVASHVHR S AFEIRTHA L RS E
FERFL L5, AT A 5 Rk T4 1.

B 1 eGSR T, KRR ET B
SR R TR IR, T X AR K 02 RTEAE LB T
BABHRSZER. ETUEXTIESHEH RS LW
BRI, fF g piE N E A RER A S | SR, 2
SCAR(12, 13142 i B A8 - 35 7 BE THE R 5 IR B PR K 3 ok
BRI, Bl A R KB R A AR R R, R ZHER R
BRI, FF IR T — R BTSN B T T8

A4 HIR 1 sERRERCFS

3 kGEHLERFGFERR

3.1 EBX

AR, AP IS LR T E T .

EX 1 #LFRF (Structured Program) — ML
B A F AR B S

DIRFHATIER];

2) &AkiE RN if---elser++, case &) ;

3PEI;

DEMLRTFRFAA.

ENX 2 FELEH LB FF (Unstructured Program) —4>
MR TREAEATEAT O TABEH .

D goto &) (HERR  FH goto LBLE X 1 AT 3 FhE544,
goto N [al 5 Bk#% EIRIFESL) 5

2)return i&4] ,

kg X 2, e ib i H RN E S ML BT N IERIR
B, EEHdEHRERAAEREEA TTLURISELEZRB,
BEREHE BUEFHFEAMFE, EEZ LU RG R
HFHR &Y, HENAEERFHEEE BIFER SN
R E & ETRRAEP SR, EREHXELHL
BREHTIR S, EAER AR RRN L, N EE A m T
B, SO TIRBIGIFES RS HS, FlanscaR 7] PR K
5/ break iFHJFIM AR R R B goto IHAIAIE . A 3CHF
R B I Tl X SR P W BER, NEH T
WA LAY A X R BT30S, IR H H W,

45 SCHR[ 4 7P X F Critical Branch BI%E 3, 3% 2 H 7]
LUE 8~ FIB# Approximation Level 32 0, BI A BU4%
#KHi Approximation Level 35 X & 1 B 7= A 0 , U R
HATREMRALE Branch Distance g 1E R JE , N T S B4
GHER . ROV SHLEELEREBFRET N EEY
i, BIEREE B (Loop Distance) e 3R WX M 5 H B &
[3]: 3N

EX 3 TEFFEEE (Loop Distance) {EHBEE#ALT

EHBEB BT SNELBRE, BEM|IF L while(P)
(-} s S PAT IR B S RTIE R R 30 WIS FFBE B B — A%
F P #n By 5K¥ : LoopDistance(P,n) , itk ¢, HitE ki
_F:

¢=aXBranch_Dist(—P)/n 3

fitness= LoopDistance( P, n) +normalize(d) (C))
#(3) 1, a } & ¥, Branch_Dist (—P) £ 7 & 3 i€ 7 8
Branch Distance, HAEBIRX (D F M d. ¢ HERBEX BB
YWENBNBRE. X P SO MR REEE ¢ 8/ 5—P
J&57 B}, Branch_Dist(—P)=0,¢=0, BFBH L AR
R— N RMEFR, 10 for 183F, MW LUR A — & g Hik %
1 while(P) {--}JER. B (3), Bt i 3t 46 W 138 B
K@), &K A, LoopDistance(P,n) £XF Y4B Mk 5 B
B ] 42 PR B A0 B B, W normalize () 4% Bk %515 )
B4 I RHT R . WHAE L P, MR 2K true 2
BT, MBS B REZRPITITH#, T Loop Disa-
tance(P,m) T BB R, FH A HR LB ENH R,

Tracey % A B B # L1 Y5315 17 A9 Branch Distance 3
RS2 EIREGA B SR REY . R, 4
PEBIAA R R AT R, R 2 P IFEREE I —1A
/R, BIE Tracey 75 3L H4F X Branch Distance B E X,
BRHZ T RN A BE S| S BEA0 38 R a1 ) F 0 A B O 1 R
B.

5 ATE BB A, A SCEA B Y B TETE R T
BRI BIER RS R m, 35 S RBER
IR R R IR AE BUSCREAIRCR .

3.2 i EFHRMBREZE

SRR F R T HIT. H—MREERT A
B S g% MR shit b8 R EM R MENENE, HE
HRBWR AR BE SRR B, H P EEREXNE
AT BRI, IER SRR, it E
FUR R —f ik , R ETE K P B — 1 goto(E, return) #E4],
PEIME A RIKIERR , A% R ENEH .

- 5 A DU E e T e b A f R e 2 Pt i = R S

WA FRNEH F

Wi AR F

Stepl fE F 30 float BEIAF R fitness M int 2ERIAR
& counter THRFMERT, I BIWI G HAE R 05

Step2 FETEIEE ERIEME counter=counter+1;

Step3 FEEF A AR (N for FEIR) , M FE X E
Wy while(P)JER;

Stepd  FEBKFE1EA] (return, goto) BiEHHE fitness= f(x);

Step5 TETBIFEAKRBIHEME fitness= g(x);

Step6  #ith F',BHA& L.

f(x)=LoopDistance(P,counter)-+BranchDistance(—C) (5)

g(x) =LoopDistance(P,counter) (6)

BRI, 8150 LERTENTRIAITHEME, B
fitness Fl counter , o fitness Bl FiERN E I, counter B
F TS TBI0 R HRiIEF R .

58 2 %% counter TEBKEIFF IR AT BITE, LIE
BTF fitness i+H&.

B3 EXERHF TS, HIEHXFMAMEI (G0 while
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(P)ER dor--while(P)) , WIAR$E AR 5 35 i+ A& 2R (0 for
PEF) , M A while(PYFER., HBETHARXGIHE
Loop Distance .,

55 4 BRHEEBFEE A RTIRAE fitness=f(2). f(DW
HRESRKG), K C AR M &4, FIR 1
#1 CHali]! =0, BranchDistance(—C) FRIME XHR/i5r
# Branch Distance ,fER=N(D G —124k. WHIRE 1,
Y& ali]t =0 gL, WB SIS R, ERIBE RS nor-
malize(d) H—B/ME3 R, Al LoopDistance( P, counter)
WEEE TEIF BB IS B I/, B fitness BB IRE R
HHTRAER. £/ LA TERIHE.

B 5 EEEAEKBEW fitness= g(x), H—P g, 8
A fitness=0, W FR TR H 4R B 2L 7T LA B H W &, Bt
R B L

FoSmih P, BFREMEEEEA L.

Bk 1 SEM ISR PR R EE. 3 3 AT
RFIR 1 GRS NERE NETAE. KR E 3R 2
#5538 ( Testability Transformation)t™, ¥ 1 W EH K
ERSFEHLBFROENYE, E TRERFSWMEEHE
BAT3E N7 B R

4 XBERERI

{8 F1 Matlab7. 0 SE8 T — AR R S ETSL. 0, % &
GeEXER2, IR RINEB. B FIROMAE LTI,
ETSL. 0 3217574 % Windows2003, Intel(R) Core(TM)2 Duo
E65502. 33GHz § R M. LR IERRUBENR 0. 2, 545
K 0.05, HFRWOPEBAEAR «=5. ETSL 0 s34
R IR LRI, e B R IR HE
BEBE R OCAE 4875 8 0 B B3R A ) SR A B B K A B K
1000, RIEFXFHIER 1A 25 | K00, 255D 4T, IR A
— A BAEERF W ARBRASTHE., FREEST
BOUEE 0; B ERE N ERTENBETFS .

SCI 43 B FRAE GERE AL A T S A AT . (R 5L
FEET, &R E B R AR (2), B % & Branch Distance
(Approximation Levels #35 0); Wi JE & AR (4., AFXL
B F BB BRAME 5 fin. SR ES 30T 8
K, SER % 5 kit A4 R o B BE TR RS BB LR TR

A Fihik
#define ARRAYSIZE 10 #define ARRAYSIZE 10
int LoopFunc (char afARRAYSIZE] ){ int LoopFunc (char af ARRAYSIZE] ){
double fitness=0; double fitness=0;
int rt; int counter=0,
for(int i=0;i< ARRAYSIZE;i++){ int rt;
rt=i; int =0,
ifta[i]1=0){ while(i< ARRAYSIZE)
fitness=Branch_Dist(—(a[i]!=0)); counter=counter+1;
goto out;} t=i;
} iffafi)1=0){
printf("Find!");// H #1735 X fitness=f{x);
return -1; goto out; }
out: it++;
printf{"Jumped to stop. i=%d\n",rt); fitness=g(x);
return tt; }
} printf{"Find!");// B 145 &
retumn -1;
out:
printf{"Jumped to stop. i=%d\n",rt);
return rt;
}
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2R T MRS BB BHR G R . NIEGR AT
VAE i th THGE N R R IR R IL, 45 R BR Hatfb
BRI KR I FEORET, UBHBRRMYUR 1 P
AR FRG 2 WIFRGEREMS) . MARNERER
REET | AR RN TRRE RO BWER. HHLHEF
WHBRR , B RA BB AR TR R '

3 A AF RN IR R, B TR T HE
BERRE LB RE LR BB B R, HAREFAR
KR IR RIS

F 2 GIR 1 IEGT Ht A RsE I B B

##A/A Runl RunZ Run3 Run4 Run5 Runf Run7 Rund
2 142 452 252 375 50 736 254 482
5 16854 6235 5542 6254 5426 2368 4578 8652
10 29236 28865 15584 28632 16786 16354 failed failed
20 failed failed failed failed failed failed failed failed
30 failed failed failed failed failed failed failed failed

F*3 G 1 FO R CREE R B

#¥#4A/S Runl RunZ Run3 Run4 Run5 Run6 Run7 Run8
2 165 218 188 168 187 135 114 165
5 553 522 664 755 653 684 695 542
10 1065 1366 1166 1432 1542 1256 1687 1234
20 3995 3943 4046 4265 3564 3965 4015 4235
30 6116 7354 6278 8682 7542 7562 8452 7653

#RIB OEEIMENIEEW R AR SR
TR R BT BE AR - 85— R ) Z M R 2 k[ 12], We-
gener 32 tH (B} A4 R RU I 43 By 15t 38 B BE B 408 SR TG 3
WEAH KA B R IBUERERENETE TR, &X
REXEB—TERMHTE. HNEEHEAREHBENEN
R s Jones B Y3 H 3 1 B M TH LR B8 IR IR PR BOH R
BT, BB R R B  T05E R B T AR (B 3 R R IR
fbFsdlF A 3k . Hierons ff FI 5 3 14 ¥ ¥ ( Testability
Transformation) %10 & £ BB H} (Mutliple-level exit) B3E45
MABRFHTEFAES  HEBRREEF5ERF AR
S XBEEAEN M, AR EAELLE LS RSN
HEEMEAYE. 1Ah, Liv Xiyang $ 3% & A Bk %15 A K EH
PRPER B flag AR B ETST B0 B 603 S IEI & 8 B 8%
BT, B —RENETTERN. ZAFEFEAITST
TEF AR A TR IE break Fl continue ) 8L T 40 4aT 44 18 18 i
BE B, DA B L TR

A IR ST BE R AL, B2\ A3 T 1a kA
A8 1T B Bk 1E 4] (return, goto) B IR #{L B FF7E i ) B 19
AR MR, R AREFENAREEETZRER
TR SR EE S FREE R, 18 & A& 3FBE 8 (Loop Dis-
tance) R3RAMEGE E LI BE N B HE BN R, AT
T ESE BB R . AR BB B AE N B
ERE—-MESHABRFHBEMEREYE. TRERRY
BATH T RS T RER, 3 UE/MM R R P
WA .

XHFEEN BT S SHEARRIFEENRIREX R
#HTiTe . YEMZREFERIEKBL RS Gn3XHR16]
P flag A , A FERFEH# - FRH. LK RGP
FARNER «E—FBE L&A T Loop Distance il Branch
Distance fEi& M BB P HNE L, 5t FREMHEBFE S A S
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AT LUE B AT A A B . SCRRC10 18R 3t it i
KB R—BHERIE BT . SCRO12 IR
FEHEAT T ST B BA 44 M R, W B X AL e i —
BEBTRIE., WA — xR HE AR AT R
SCHRR, Jn3CRRL13]. X SR AR R Xt UML 4 SE ) F3 [
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