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Dominant Statement(s) Selection in Testing Programs with Flag Variables

GONG Dun-Wei', ZHONG Chao-Qun', YAO Xiang-Juan’

!(School of Information and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China)
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Abstract: Testability transformation based on dominant relationship, which transforms the problem of covering the target statement into
the problem of covering the dominant statement(s) preceding the target statement, can test programs with flag variables. When more than
one dominant statement exist, however, there have been no effective methods for selecting a statement subset with best coverage as the
new target(s), which limits the scope of applying the testability transformation method. The problem of selecting dominant statement(s) is
investigated in this paper, and a method of choosing dominant statement(s) is presented based on the coverage difficulty. First, four
indicators for evaluating the coverage difficulty of a statement are presented, and the approaches to calculating them are provided. Then,
the dominant statement(s) with best coverage is (are) chosen using Topsis sorting based on the above indicators. Finally, the proposed
method is applied to test several benchmarks and industrial programs, and the experimental results show that coverage from the dominant
statement(s) selected by the proposed method can greatly improve the efficiency of generating test data.

Key words: software testing; statement coverage; flag variable; testability transformation; dominant statement
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% input a g 4
1 intflag=0; 5
2 ifa==0 g3
3 Sflag=1; )
4 end 2
5 if flag =
6 //target statement
7 end 0
-5 -3 -1 1 3 5
a
(a) (b)

Fig.1 Program with a flag and its fitness function curve
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256x256
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Table 1 Evaluation indicators of dominant statement(s)
# 1 LRERER) P S E

Kvar(y) (%) Loc(y) _ Pred(y)

{¥A) 3,115 4] 5} 2 1.5x107° 5 b
{(GA) 7} 1 3.9x107° 6 3
{iGA) 9} 2 3.6x107° 7 5
(A 11} 2 0.219 8 7

IR, iy VR ) 4R (B A1) 3,098 A1) 5) (T A) 7} (35 9V A1 (35 AJ 113 B VTN Al 4331 24 {0.1109,0.0000,0.0569,
0.0322},{0.0555,0.0089,0.0682,0.0482},{0.1109,0.0082,0.0796,0.0804} F1{0.1109,0.4999,0.0910,0.1126} .x"=
{0.0555,0.4999,0.0569,0.0322} ,x ={0.1109,0.0000,0.0910,0.1126} s, = 0.5029,s; = 0.0873,s; = 0.4913,s; = 0.0884,
si=0.4976,s; =0.0351,s5; =0.1035,s, =0.4998.

R 3. RSB BN R TE A (BE).

HTF ¢,=0.8520,¢,=0.8447,c3=0.9341,¢,=0.1715,[K BL 55 4 4>y P15 ) A fe 25 5 8 3 160 o R 3 7 s LA S 3
[ B ARiEA).

void flag(int a,int b)

s

{

1 int initialised=0;

2 if (a==20)

3 initialised=1,

4 if (a!=b)

5 initialised=0;

6 if (b==50)

7 initialised=1,

8 if (a>20 && b==100)
initialised=1,

10 if (a==5]|b>200)

11 initialised=1,

12 if (initialised)

o

13 //target statement

}

e

}

Fig.2 Sample program
K2 BT

3 % I

5 L& B A SCT 1 AT 25k wfe LA B8 _E I T, DR S A 130 o K S PP A P B 5 VA K R R e, 203 LA
F LR A ()M D H AR U, LU Bl bl 5 2 (0 PP D8, B IN DL Re D A S5 A D b, S AN [F) ¥ ) 7
ot RO P2 Sl R, BT i A o DL 0 () RO Ik il 5 2 DA D0/ R I T L R B 3y 1%y A )
() B oy B ot 0 SR TP B, BN LA R J Dl 4 S5 4 b o % 1) di 0 0 78 e () o I T8 1) () 5 SR T AR 3L
J5EIE R 5 LT A0 (5) A [, A U WA S5 908 6 1) o DLV 0 () 1 A 2K 1.

T VS DR e 1A RS 00 ) LA o DI ) (R ) AU U AR D A H A ST I8 4T 2 I Hs A 1Y)
SRR B 1) S R RIS AT OB BB AR 9 7 5 U 1) (B I e A R 3% T 2 RS AT IR IR LA
L B PP KL

SERR B RE Y 2 AN SLHERE A 3 A TR .
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3.1 EEREFNR

25 13 I FE 7 Telephone number F1 Multiple flag2 >k [ SCHR[22], 1% SeFE FR )2 VE 0 RS 1 br AR
[ HERE 77, Ho i 2 7 Telephone number (19 A\ AR 12 & 38 00 Ty A 35k 0 A7 FRAE B2 7 Multiple flag2 (14 A\ A8 &=
J2 SRR LA N3k TE IR DR b, A1 2 X P AN AR A A S AR T

F&#J¥ Telephone number £, 7 80 47D 11 AN 32, FH T 7 55 o 1l 5 A 02 75 2 0 [ (AR 7 1) 3 ek 4 s
WM— RIS EFF unicode_char WIEACIIRE,ANA 1 NMERE N R unicode_char, JLANEAH — L B AR & %
TR N T L [0,6553 5 A0 B 550, DA e Al P 38 e B9 2 B R 530 Ik R B A R R s Il 21 N5t el
TR Z AT 45 BT E 5, 18 3) Pk,

FEFF Multiple flag2 155 12 4748005 5 A0 SCAZAE P AL 2 MRS A i, 70 i A2 initialised R has_been_fired,
A RAX 2 AN AR B I BUE R4 1B, HARE A BEg AT AR P A& 2 NN R & o 1 5,358 double
A, LAY [ [0,100000, K5 5 24 0.0 1. PRI bk, A5 Y 3 4 S50 v0 A el ik 800 B, b B 0480 3R 2 Tl AL 3% 10°x10° A3
P TR PG 1 I 3(b) AT,

goid validate_uk_tel_no(int unicode_char) void flag_multiple2(double a,double b)
e 1SR int initialised = 0;
if (unicode_char==12) int has_been_fired = 0;
{ . N
error=1; } I s AL if (a == 0)
else if (unicode char>=48&&unicode char<=5T7) initialised = 1; /AR
{ .
if (unicode_char==48&&unicode_char!=52) if (b == 0)
error=1; Ik i )2 has_been_fired =1; //di L2
if (unicode_char==48)
error=1; I L3 if (initialised)
} {
else if(b==1)
~ error=0; has_been_fired =1; //dRiGHI3
if ({EVI’OV) if (has_been_fired)
L 1 H bR
AR S 2n ) B
} }
}
(a) (b)

Fig.3 Code of sample program
K3 BLAERE AR

T ARAFE R RYERE R A8 S 4k 2 A IEAERE P H AR TE fU (10 & D0 ) (5R), AT R BLL AR ¥ Telephone
number B H¥RTEAA 3 AN ERIEA] 02 S 0ER) 1. S01ER) 2 DL SLEA) 3;FEF Multiple flag2 I H
PRIE AT 2 AT LTE SR, oy Moo & AT LR 1 A ARIE ) 2,00 B8 AT OLTE A1) 1 AT ORTE A 35K
FH TR A T v A R T E AR ) I U N S AR A D0 A () I 228 % ) .

B 56 o TR AR ) SO RAF I 25 DR TE AU (SR T BT R B, W3 2.

Table 2 Indicators of sample programs

®2 EMERPIIERRE

Kvar(y) p(%) Loc(y) Pred(y) Ci
A A 1 1 1.5x10™ 24 7 0
Telephone number AiEf) 2 1 1.5x107° 28 16 0.979 3
AR 3 1 1.5x107° 29 14 0.779 4
. AR 2 107" 6 2 0
Multiple flag2 L
L e R U 2 10" i 3 !
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REL FRKEAAFELTRA N E0E(R)H 1933

KA SCH 7 7% B2 7 Telephone number A1 Multiple flag2 F H briE f) i B 25 5 5 o5 5 DL T8 A) (48), 70 ) A2 5
PLita) 1 fE LB S a.

L5 A A& o LB A A5 ARTE A R B AR A 35 A% B2 R B s AT i 5 vk 50 IRIEh
— 3BT 10 21,10 5% A 20 T2 56 AR I HCHE 1) RE IR R VAN YR B DA R ) e R SREX B IR R AR 1
YJ{H.F2J¥ Telephone number [¥155 56 45 5 W.3% 3,72 /7 Multiple flag2 [1155 50 45 5 W3k 4.

Table 3 Experimental results of Telephone number program
% 3 TLJF Telephone number ffSE 5 45 5L

¢ BRR/E FET(s) JRIIF (%)
AR 1 0 1047 0.156 96
A 2 0.979 3 5000 1.11 0
AR TEA] 3 0.779 4 5000 1.125 0
H brifi ) — 2065 0.391 68

Table 4 Experimental results of Multiple flag2 program
# 4 27 Multiple flag2 5256 &5

¢ PEA L FEHT(s) RN (%)
A i o 0 6250 1.953 100
IR 1 7921 2.359 100
H brifi ) - 50 000 22.38 0

M1 3 Al AN:(1) A5 )5t H bn T A0 AR BE, 2R OB A DR A 1 IR 75 2 B VRO I BORIRE I 2 LR, 3
PR B S5 H bR A (0 51%, FEIN U T H FR T A) G 40%, 1D 3 EL I H AR A5 s 17 28%. 3% 5 W] il i
T O AR Bl P e A, A RT REAR  BE AE AR (2) 5 H bR AU AR B A i o LR R 2 R
) 3 IR EE R PP B R, B T RO PP Ot B A 4R 0 31 8 DR AT N b e IR 2 TR
P ) 3 U B B R P A T o D0 50 2R A m D A A A5 80 4 s A 1 1l R 1 280t T R AL, R
RPN Z A o fIE 8 ) (5 ) R B 6 53 (R 1 0 9 180 L b B2 R AT 0 221K (3) ol v A 2 AN ) 3 A LE, 2R R
BN 1 DR B T8 2 T B VT VB0 2 R I B A, B T (N2 R A8 s D M R B B R IE AT 1 1o
BHOHE 3 0 W SR A ST VR 6 5 0 oy RV ) S B 2 oy 782 i 10, A ROV A ST PR 6 T 3 ol 82 1 I3 U (BR)
WP IESATRN.

HI 8 4 W] %1:(1) 3 B R PPN OB AT 2B B 76 H b v 0 ) DB AR S O FE IR A 22,3853 3 W 41 2R
AN T D0 5% 28 1R Rk e e, 0 0 A 1 ot L s ) 100 0 8l 1) R ARG () B AR TR A AT L,
A A LR F B o A e (DN GRS 7 2 A DR CEORRE I 4 AT PR UL 23 ol 2 s H s i ) 4
13%A1 16%, FEIAX 23 5302 St H AR AU 8% 1%, H.33 e A2 i o i 0 FU 4R oy Al e PRI B0 3 1 W1 R
FHZE T I 5% 28 1l R e A, R 12 fm D R 2B R .(3) 9 b T ) B oy AR B 88 i (I v ) 2
o FIINA B T 18 2 VE A CHOL A2 FE I 2 B, L PR DB U oy L T8 ) B o ) 79%, FEIN U o5 DL FU
oy 1) 83%.3K Ut WY SR HI A SC 77 1008 P8 10 o8 D01 0 B, R 0 e B 5 2 78 i 1.

3.2 T2t

MSCHR[8145 H 1R TV AR P gk £ 3 ANE 4 Bl IR e 3 SE R P 25 (R AR AT L U8 1) B DL R e s A2 A L
W s.

Table 5 Basic information of industrial programs
x5 LARERFAEAMGE
FRABAT IR AR AR

acct6.3.2 sa 1 665 88 14
gnugo3.8_board 4331 474 46
wdiff-0.5 wdiff 1333 157 18
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TR)F acct6.3.2_sa.c 4& GNU RZWMA . 251508 FH R 40 LRl sk R B T Re e o i) s R e ok
TR N R H8 2 HEAT M3 B R AP AT 11 5 5 23 501l R 7 AN ) (00 s 25 A48 L AR 5 R 0 5 o i A ) IR B A T AH 2 1
84 AR BT, AR B AR print_users Fl merge_files, 803 print_users M user_summary flag WIHUE# A 1 1,
H AR E A) A R AT S8 I 0 B R B, H AR A 4 A E A 4R,

gnugo3.8_board.c & GNU F &¢I & (1 [ BT SRR 7 1) B0 450, F T 00 BRLARC IR o 340 ST AL 10 7 1 AR
AT do_play_move T BRI B0y M BUR M ITE 20, 0 2 SR 1) R MUMHE % A7 AR 5 neighbor_allies
by T B B AATT R RIE R, B ERE AR E A 44

wdiff-0.5_wdiff.c /& GNU R 4t L P AN ST 1 32 8R40, 1% pR B0 i 77 0 9 a3 ST A I B — /N 245 8 58
B 2 AN I SCRF AT W A B S A8 5 AT diff 727, 0l W4 diff SCrFm s g = — AN EoR 2R
[ SCRY A% BB decode_directive line ¥ BAEUE N MIFET A 2 NN & state F character,1 A~ error #7i&
A L HWERA 3 M IREAE.

K R AR SCI7 VAT 3045 AU ) () A X HE 3 B ¢ R FH st A% B35, 20 0 5 H ARl A R 4% A R (BR) 1M
WK B, 75 Z N SR AR WK 6.1 T wdiff-0.5_wdiff.c I H AR AAH 3 A L iE A5, RIIL (R 6 1158 4 4T
WA A R B A0 AT E AR TE R B AR T B o R, DR A R PR B A 2

Table 6 Experimental results of industrial programs

Fo TP ERER

acct6.3.2 sa.c gnugo3.8 board.c wdiff-0.5 wdiff.c
. VR RERE R o VR FEmS O RE . PE Fem o R
RS (s) (%) ' RE (s) (%) ' WAL (s) (%)
dEASET | 0 1316 1239 100 0 1404  12.296 98 0.116 3 563 7.64 100
dibiEfE2 | 0 1296 12.015 100 0.3347 1787  13.490 96 03376 1756  13.875 96
HOEAAES3 | 0 1305 12.281 100 0.6670 1898  13.785 96 0.8830 2236 16312 94
HICTEAISE4 | 0 1313 12473 100 1.000 1994  14.125 96 - - 2 -
H b8 f) — 3256 35.187 50 - 35326 80.187 26 - 25233 60.285 40
1% 6 T 4ll:

(1) XTHET acet6.3.2_sa, A 37 vEAF BN 45 v U0 1 1) S AR 6 B30 B ¢ (B34 2 0, T B 3k 26 |5 4038 A 4R 11
T o A JSE R ) A I R o ] i, o DR AU T case £cMEAY 3 IR AL A A AT AR TE AR b BT ) H ARTE U
SRR 2 — B0 3 A 38 B0 AR B B8 1) DA IR BSORT R I 22 30 DA R s B 2 A [F) ) LAAS 21 e b B, ]
DAIE AT — o DL AR 1 A BT 1 B A T8 AU A, 5 E AR A 4R LU, 28 e v AR TE AU 4R 1 A9k B s 75 P
W B J5 H AR TE AR 40%, 48 AN R 5 H FRTE AT 35.2%, )8R MR T 50%. X £ R T xR
{0 ] U B A vk, R % 1 A I A B R

(2) W T gnugo3.8_board, 48 3L 7 145 B 1) 45 o DB A L AR BT B o (P, B R4 1 B, K
S TR AR 2 RN A AR 3, ORI R I VE A A 43X U X A 0 TE A B IR 26 M S N 5 B AEAR R
MTERIEE 1. AR TE AU 20 T DR TE )4 3 DAR 4 A0 I, A 28 26 3 28 A VB A1) 4 75 B I R4 Y3040 51 1 404,
1 787,1 898 LA 1 994 FEM 433k 12.296s,13.490s,13.785s LA K 14.125s M EEHr OB RIAE N 25 46 b5 25 5 &
KA SCT7 P38 B 00 VB A48 LA B/ IO VP VBRI RE I, DR b e 5 5 7 3 A3 WA SR AR S0 77 vk 3 9 ot 2
0 55 W TR A B A R IR S B AR RO AR L, A B B A TE AU 1 A DR B VR AN SRR I A o
SR HERERI 4% 15.3%, B R IR S T 72%. 3% #E— B IAE T % 3T 5 00 56 2 i ml vk #5405 1%,
RE 45 v U B30 A I KR

(3) X TR wdiff-0.5 wdiff, /] LL73 #] 5 FEF gnugo3.8 board JELLIK 45 58, BT 55 I, 76 LR FREA . X
e 2 AN 5y 7 SR AR ST VR A5 B 7 O A, A e 2 5 T i 15 HUR S A 26 R ) m s e e 4k
T3 15 B S e 0 1 R AR A A s R

W PR IEAE S TR P MR 45 R 5 0 W, ie e 9 Bl N 458 (1) R IE T R 0GR 1 mr R v e fk
JiVE R G T 55 A H AR VE B 0 e B A A 7 oD ) (B I il L LR 0 SR BT — O E R (R R
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FEKTE F XA AFE T BRAF 0 kg4 (5)ikdE 1935

H b3 0, 8 A e DU gt 16 28 3 A7 RT R B AL, AN T 338 W SR 5 368 1) 77 9630k % o DL 0 (B A N (K H A
R AR AT D ZE5(2) RAS S R BE AT 1 45 75 2 2 8 100 D 0 (B8), AT 482 i DM 0 2 Bl P .

4 B %5

bR 5 A 1) A AR 2 Y v A7 A, RV SR B T o I DG AR IR AT Rk e A T R R A R
Yol AR IR (EU 2 AR AR DR U () AN b — AN I R 1K) o D78 1) CHR) A 3T 1) A i UK 2 52 )
R B Al A 10 2553 R B 5 3 ) o DI T ) (B8 ) 0B 6 5 3200) - 38 v MR Bl A J 2 A AR WA 7 1 .

ASSORT S b DL ) (4 ) RO 6 i AL, B ) — b ke 8 82 A1 oL D0 ) (BRI U7 vk %y ke R A
AN AR R L R AR I ACRT AT e LU e R s A 1 ] B A AR, S R A R (B
o BOMERE, JF R Topsis J7 ik v 53 o5 0 1 0 (42 IO RO 122300 AL, 306 6 12 A e /N RO AT Ay i 7 2 8 s 1 o AL
) (58) R %7 VR N T 2 AN B e 5 TR P 1A 0 R, S5 56 5 SRR W <SR P 38 A B0 A 7 8 A ST R R 1K) o
DO A (B 7 R VPN CBORIFE I 2> js Dy 236 v DR bk A S ¥k R 193 3 B 25 ) 28 6 1) o DI T8 1) (4.

U W PR A ST i 1 75 5 B A AR S e A T R MR T R B I 3 A N T KR kAR Y,
DI, T AR S 2 . SRR LK R 7 k20 25 B8 1 L B T A S 8 R s LAAR B AT JEAR FR B
HE 05 AN [ P2 52 3t Js W T8 0 PR 62 i PS8 R AN [ (R s 75 21 ) B 7 o B A 1R o DL R () B T AROR 22 5.
U o LA A R 1) B 7 ) 7 ot o DI V) (R PSR %, th 12 4 J F () DR e b 8 T AR SCHR W IR T 10T K 1 3
R fe R 5 1 i T R (SR IR AR 8, B2 i BRI ST 11 1) 7L
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