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Fast Automatic Generation Method for Software Testing Data Based on Key-Point Path

DING Rui'?, DONG Hong-Bing', ZHANG Yan®>, FENG Xian-Bin’

!(College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China)
*(School of Computer and Information Technology, Mudanjiang Normal University, Mudanjiang 157012, China)

Abstract: Automatic generation of testing data is an important means for improving the efficiency of software testing. Focusing on the
engineering practice of software testing, a fast automatic method is proposed to improve the efficiency of testing data generation. (1) A
key-point path expression method is proposed to calculate the number of theoretical paths, and find the covered paths’ neighbors; (2) Brief
instrumented program is executed to get some testing data by using the testing data generated from random algorithm; (3) The theoretical
paths are divided into three parts: Easy-Cover paths, hard-cover paths and infeasible paths; (4) According to the information of covered
paths and their testing data, the data of hard-cover paths will be generated by genetic algorithm. Simulation experimental results show that
the proposed method is efficient.

Key words: key-point path; software testing data generation method; coverage testing; heuristic information; genetic algorithm
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AR AR SCHRAT T AT T L BRI TP AN 20 SO B R SRR A R 3 SO RN BB SO
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REX 2. 73 SCORHE R PN ELA% 5 AR G B R R R 70 S SR B 3K AN 20 31 R B e 2 TR TR O L 2

S VE B G SR AR A B AR SCHE A S s e P U B A 0 H e R A LR

TEX 4. RE R R TP 1 23 ST SR i+ mH S R O 1A I 3 PO R e AR R A K

AR R AN I 30T R B S b A b 2 TR B OGRS 73 31 R BE U, R oR A b+b'.

WA R @ 9 L SO R R b R b TADE A A AR K 50 AR IX AL 03 ST R B AR, R Tk

a(b+b").
A S R b IR 0 SRR b 5 BIPIAN G 3C T RBE R ¢ I ¢ Z IR B R R RO h
btb'(c+c").

PN A S0 25 1 5 00 OGBS b R BY,b PRS0 S T OREE AT ¢ Rl ¢, 5 B IR AN 9r SE T ORHE  d B @' 2 TS
MR R IX WA LT R R IRRERA
b(c+cy+b!(d+d').
EM 5. 75 AR A A i B SRS 1 BHATIE A L85 IRt e W R 7 ) e A S5 T TR
MR B
HE 1 0 Ui B 1(a)~E 1R R a DL E 1) I CEE R o, T AN A& 40 3 1 508k 0, i BAJT:
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Fig.1 Key-Point graphs, key path expression and number of key-path for 4 basic fundamental cases
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e Pl: entry-2-a-4-b-6-c-exit;
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e P2: entry-2-a-4-b-6-c'-exit;

e P3: entry-2-a-4-b'-6-c-exit;

o P4: entry-2-a-4-b'-6-c'-exit;

e P5: entry-2-a'-4-b-6-c-exit;

e P6: entry-2-a’-4-b-6-c'-exit;

e P7:entry-2-a'-4-b'-6-c-exit;

e P8:entry-2-a'-4-b'-6-c'-exit.

T DL M T A O B A R 0 SR i AL A DR B e B 5 R R BT A A AT S BB A

JE AR .-

Void sort(int a, int b, int c) 0

Int t;

Ifa<b /5% 1 e 0
{t=a; a=b; b=t;} °

Ifa<c /153322 Q °
{t=a; a=c; c=t;} c a
Ifb<c /5% 3 e"’ X
{t=b; b=c; c=t;}

Printf(“%d,%d,%d” ,a,b,c);

S~ 0NN U B W =m0y

(a) VLI (b) Felvi () K

Fig.2 Source code, control flow graph and key-point graph of 3-number-sort program
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S Void sort(int a, int b, int c)
{Int t;
f61=1 /16 b AE HIARIRAE A 1
If a<b
{ADN=0 //RESY 1

t=a; a=b; b=t;}
else

A2)=0 /K& 1
If a<c

{f3)=0 //FKHEESZ 2

t=a; a=c; c=t;}

else
fD=0 /K 2
If b<c
{15)=0 //HES L3
t=b; b=c; c=t;}
else

f6)=0}  //KHEY L 3
Printf(“%d,%d,%d”,a,b,c);}

S Void sort(int a, int b, int c)
{Int t;
B1=1  /BAFREAZREYIMHBAE N 1
If a<b
{
D=0 /RIS 1

t=a; a=b; b=t,

If a<c
{
f2=0 /KBSy 2
t=a; a=c; c=t,
}
If b<c
i
f3)=0 /KESH3

t=b; b=c; c=t,

}
Printf(“%d,%d,%d”,a,b,c);}

(a) BT 3 MR

(b) i LA 3 1

Fig.3 3-Sort instrumented program and its brief instrumented program
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Fig.4 Control flow graph and its key-point graph
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Fig.5 Model of fast automatic software test data generation
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o TETREIEN B RAUE B m 4 0 EER R, 0] 8 RS B AR B N — SR A R AR S A,
m IR G AR B E I TR AN AR AN E R R B O 0, WAk T G 5 A AR
TR BT N FE AR AR AN ) RN 2%, E A R RO ) m AR m—1 AN, LA FTAT B AR R AL
o EJRE, LA x B x AR G I — AL N T SEAMAET X2k 4B 55 B AR Py TG Y RE
B K B £3x) fioc) B2 30T 38 R 4 Si2 9 3 3K 19 95 20 4 ).
i R R R AR s R U
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SEO)=min(f1(x) f2(x), ... ofn(x)) (M
Ji(x) = appr,, (x)+dist, (x) ()
appr, (x)= % 3)

0, Y Y
ley=c, | +h, AN 5> L 4AT
Horp P() R R AN x B 6 1 S B A B 12, P N AR B A I 50 K 45 B AR 428 b(P, P () 3 718 W 45 B A% 1) J2 230 FE
JLAE G 1A KB ST IE P 5 PO SN ECH [Py B AR R AR P P B 5 I SCHRE ML H Cop Co b
OF T B RIE sk AR ECH LRI CeCy IS 4 x T8 36 31 40 E T8 551100 H b B A2 I8 O B 1AM,
FAG 5 1% H AR EE A0 Y (14 H bR R E 3 F 6, L BT R0 8 R R P 1) E AR B 1B BE A M 7 A IR B
(38 — B 2, E b R B AN 08 AN 0820, 2 VR 3R 30 2 B s — A H bR B AR IR B
424 HPILR
S8 P T8 A B A RS M T 6 (10 D B S AR IR B 10 2D R
Step 1. 7E5E XA Rl AL A B a0 £
Step 2. {EFHES 4.2.2 5P I T IEWI IR AP T
Step 3. AT AR FVE L M R B OCHE BRSO O Bk B — @ IE AR IR AT 2 W 5 2 Step 7.
Step 4. DAAS 4K B NS AT 32 i (DR 3, oh SN A0 38 I o
Step S WA ARIE B [ BRSO 0 E WUR A BRI AN A O IR, A 5 E AR R AR AN B0
100 S i AR B0 78 55 1 QB S A8 5 0 R T 5 1) DG R B AR 2 5 AH AT PR B AR B R —
R
Step 6. BUMLERAE AT HERE. AT XRE R 74555 4.2.2 TR 0777 LB — AR E, i 2 Step 3.
Step 7. {Z ik, Fin H AR A A

dist, (x)= { )

5 (AEXW

PR 3 AN LV FL 06 30E BT 4 07 5 1K 28 8 AR SC T ¥R (F-method) 5 Ahmed J73:7) . B H bR 44 4% 75 4 (single
target method)™ % 4457 5 J7 VA (multi-targets method)™ J2 N A< 30 J5 92 (NF-method) 72 [7 £ A # A b 5256
FO N SCTT VR AR A T A SO 25 iR B (10 07 V5 AB AR A% S A e R A AN DR 5 A5 R T Ay
SEI6FE 34 K Matlab % 5 90’5, JEE Matlab 2012 HIE 4T LA E I Windows(Intel(R) Core(TM)2 Duo CPU
E8200,2.66GHz,2.00GBRAM,32 fii 54 F 5. 55 1A% SEVEAN OC 1 S [ 2 805 WA 1.4 /b BE AL PR R 1R S i,
BEXSANRIRE P B R DUARALIZAT 100 K, BLAS B8 o H AR 42 1) X B0 08 31 die Kb A AU D STk is AT
1) 5% 11 4 A S B0 A SR v TR I T S 124K, 100 TR S I ).

Table 1 Parameters in the genetic algorithm

R BEERT RSO E

AL FE R (S H) JingiEd
X H M L BEALAS X
2 SRR 0.9
A 5 S AR
A 5 MR 0.3
fe KIEAR IR EL 1 000
FPRE R /N 30

R2UWT 3 ARAERL PSS
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Table 2 Basic information of the programs

R2 PR PIHEEALE R

7 5 L A A | OB R | WATIRARE | AT | e U
= 3 RERIRE 3 4 4 0 [0,100]°
3IAEHTF HERIFFIR R 3 3 7 1 [0,100]°
= 3 7 2 REHIRE, N E R
SMUFEISE PN ) 3 8 7 1 [0,100]

3 YL SCITVE B R A #:

(1) WA H s A R

(2) AR AT B AR SRR B .

XTI KA F-method (TS 1 4% MEF o A7 AL) X 38 1 52 bR 250, BRIV <366 2 2 R B A — AN H bR 23
i, AR O a5 B AR AR MR B P R B A AR (8] {2 2 LT Ahmed 777281 Single target. T~ F-method
i EAE GA IBAT B € S5 74 i %A% (0 U i, BT ALE - 21847 I ) _E &AL T Multi-targets. X T+ 3 A EHk e Al
TR 7, A SC T IR J5 iR 50 B i 5 v 85 b F-method AR SAAMNAE T HEIE 4T I R0 (W48 iy, B AE T
A TSR AT A NG R B B v i AR R OR A S 3 Bl i vk B A i B AR 0
I JE B KL T F-method {5 A ME A o A% e vl [ 32 BR B804 1 £ AR SCT5 3000 4 6 BEAL A 1 0 8 2 s o
AR E— X WAL A T o5 T A AT AT AR PR K KA, T 5 R N8 A SR K B A R, O HL AT LR I A E
AATAT B AR B B e FAR B 42 B NF-method” 5 F-method [1) 45 %) b, NF-method "/ i1 T W 4G FhBE A & 8 &
AT B AL I A AR ECRT > 4 1) 8] 3 25 T+ F-method, {H 43 &2 3% . T Ahmed F1 Single target, W T~ Multi-targets.
XM T 75 Multi-targets J7 920 AESIEA) TR0 B8 A5 B o 5 3 o B A2 (X Bedle, 3 22 L ) I TR) 90 6 T2 A
TR F AR A 0 3 I R R S L, AR o AR M BN ) 55 NF-method DRSO 24, H 3% #7522
AR AT PP P A AR A5 A T i B B s 5 B NF-method Ml F-method 235 fLT Multi-targets J5 %
PEFBAE T BEAAR KRN HE A I 1) T 7 T3 1 5 R P 1 o R o 55

Table 3 Performance index value by using different methods in three benchmark programs

R 33 AR A R B A TV P RS bR e

B Ik IE D BRACN B | BIR(s) | IBATIIRI R (%) | CTEEARREL | EAE(%)

Ahmed 75 7% 4 0.293 6 18.87 63.7 35.47

L AR B AR T 1x4=4 0.437 8 12.65 373.3 6.05

A EZ 26 FURIN 4 0.097 0 57.11 43.1 52.43
N-AR T ik 1 0.090 5 61.21 425 53.17

AT 1 0.055 4 100 22.6 100

Ahmed J7i% 7 0.928 30.097 46.9 31.34

3 A% HH )rﬂ%%jﬁiﬁ 1x7=7 4.68 5.97 482.5 3.04
g %Eﬁﬁé?ﬁﬁﬁ?ﬂz 7 0.467 59.80 23.8 61.76
N-ASC T 1 0.452 61.79 21.5 68.37

AT 1 0.279 3 100 14.7 100

Ahmed 75 7% 7 0.321 33.95 40.2 25.07

L E AR B AR T 1x7=7 1.764 2 6.18 230.4 437

By | ZHEHES T 7 0.245 4 44.41 32.0 31.5
N-AKSCT7 s 1 0.214 9 50.72 25.6 39.375

AT 1 0.109 0 100 10.08 100

4 XA IRTTVAN) A 5 YERE 2> A BN L AE A7 2% R LA BT AT R AT B AR R OB AR PR AE
100 YA A2 S0, T 7 8 A% SV IR AR A8 B 2B R ) I i e mhot RE K 2 82 i T A Al A7 e A2 1 0K e ol £
J ) AT LUIZ R PR F-method 78 23 M AT T BEAL S DR A ple DU B8040 0 D10 A, e IR e L 24 s ) 0k
BB o 1 P Rl i 10 B A R AT LB AR D A IR SR I AT A 7 A R R I AR, SR BN R T T
ZLHTIREE . GA Ko 100 YRS Hh 5 B30 AR SR A LUAS je i A2 o 42 O DX 50 i P Ok 80 B AR BEHTL S0
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HME LU B RO B, 0 e — A T 20 K887 T, 100 IR REFPIs 47 A 18 I o 214 i U ik A2 (0 H 6 3
MR o AR IO MERF A B T 100%, H— K A8 T 75% LA R8s 75 3 AN B0k e F0 B AR 7 b, — B LR
BT 80% KB B, 3 A A5 I 4k (10 3804 S5V D0 A Jo R o 100 3 I 3 e 50 v AR 5 £ A DR A v i 3R
A5 E B A SR BRI AR m B A TR R AR R
Table 4 Performance analysis of the /-method
F 4 AKIJ7iE(F-method) M BEFa bR 2 4T

s S8 i I R M7 a5 O T B AATAT B4

7y g WML | Ak |, T 5 (0 L SZhg

BARE | 4% AT s | e ZH | R (%) | IIE o v

= 4 3 18 82 1 100 0.059 8 0 0
3 AR 8 6 22 78 1 100 0.0412 1 1
ERER b 8 6 19 81 1 100 0.020 7 1 1

K A4 PRI A OCHE RURK AT N [R] 48 IR R I AT IR AL S AR P A B e A UK ) IR TR 3 PP i)
Vi) v 3 A 5 i L A a5 s i w4 5 A2 TR I ) 9 A B R F A TE AN W AT B AT R 7 AN AT AT % AR
WA EAN 1 — 4 AR S 1,3 ANECHE PR RV E LHE P 3471 | SRANWAT AR, A AR SOy e fig gt o
iff b ) W 3 AN FEHE DA FR P (A AT AT R A2

TAMEFRFF Flex I Sed J iz T 30 UF A [R50 05 A B U7 25 1 1 B8 AR 3 1 U5 CRE 7T LA R 4 “Software-
artifact Infrastructure Repository” "8 X6 F-ARE ANl ML P, 4 16 B 1 AN BRI AT 5250, % pR 3 4500 . BN 1)
HOUGH RN B RAE. AT ARERARSAT B ER ST A TR FIEAT 30 IR BCEIIE. B AR HIE R R
KN 500, 50302 28 11 4010 S £ 21 4 350 i 08 B AR B AL S B 1.

Table 5 Basic information of the industry programs

RS B TR R A R

- LD KA CIER ANHAT | AR
H ZE R -
oy etk s | e | e | mew |
Flex | 1A if @HER | MEFFZEH HHRE 1A if-else 22 32 27 5 107
Sed 1 AMER i 1A if-else % 11 16 16 0 54

W3 5 M 6 PFromnf T Flex &7, A H BEAL T 10K G825 BB o I A7 T A7 A2 110 D0 sl B30 7 B v s AR I KL
A1 100 [RIRTHE T, 38 31 4E 7 56 B A2 MR AU (LR 2 76.7%:;Sed FEJPAEHWILA R K/ A 500 (R ATHE T, B0 IR 3% 2
F0 MBS o B AR AN 58 AR [R), 1 24 S 72 2 AR B 1.8 2 I ) A Rl e 88 DR IS e 78 o A 5 A 9D 7 30 1K
BB B s 1 S8 AT 6 AR R T A R AT R A IR A
Table 6 Performance analysis of the F-method in industry programs

F 6 LM A Sy vk (F-method) P GE TR F5 43 #T

B B Dy 15 o P SR B i B £ 7 il Y R B e B AR ANTTAT B AR
FeFe e v | BEDUEMOITAE | ik N - s ohz o | SRR |
HH B rgmiemc | e | FEC| BRI RIDFEC) |y | HH
Flex 32 24 0 30 3 23 76.7 5 5
Sed 16 14 6 24 | 18 | 30 100 0 0

7 PR LA B T AR A b 2 a4 1 Flex 1T 353 ARKECH 72,6, V- 3IE 4T IR ]y 6.984s;1M Sed
FEFPAN 5 32.5 YIEARAN 0.188s.3% /& T, Flex F2 /5% (1B 16 H b 4 42 50 H ANS A AR R B0#0 e Sed %, HIL 2y 32
ZERI AN, Sed AUAE IR A FFEAE — N IEPE IS 3, M0 Flex FE R R 08 51 04 P A #5438 4% 43 0 A0 26 Rl 78 26 1% 4% D0k
B (3 AR P A R R A SR (R R AR A 22 K X B T Flex MR TE 2 11 N AR & 078 76 AN A
AR 11 A ) AR 1) e 2 A L A A R G 25 /N B T L B 22 IR (AR K G NF-method 5 Mullti-targets
SOVEAE A FEE BRI AR R, AR B 2240 1.57 F1 1.3,36 4 T AU A 2 0.648s F1 0.033s.3% J2: 1,04
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PR RV T 5 A8 AT I ) o A b 1 T4k 7 5 AR 1R AR B . NF-method LE Multi-targets 77 72 3055 DL 3547
76T 33 N B R B B RIS L F-method £E B AU ALE AR Y $ L B 248 F NF-method Al Multi-targets 572,
FE B S B R R X F-method AT AL 8 & U5 B BRIt 2 b, NF-method Fil F-method £ 51218
AT R AL BT AR A 1 3 S 55 o 00, 3% — 8 4315 48 1R I TR LA B A R AR R 6 .

Table 7 Performance index value by using different methods in industry programs

FT 7 DR AN R E S A s v Ik B FE AR A

By Ji ik TN E RN | INTR(s) | IBATIN (%) | “FIIEARIRE | IEARE(%)
Z kR Tk 32 8.961 77.93 93.57 77.58

Flex N-A LT 3 8.313 84.01 92 78.91
A5k 3 6.984 100 72.6 100

ESVTEY F VIR 16 0.412 45.63 79.5 40.88

Sed N-ASLT7 2 0.379 49.60 78.2 41.56
A5 2 0.188 100 32.5 100

S 45 R WA SO AT B i H b A2 (0 U e Uy i BAT A Ahmed D5k, BH R
BRARTTVE S 2 HOARER AR A R VR SN T IR B AR S I AR SO R AT E A SO $1 5 A A P A/ 1 A B pde A
JT PR E e (R I IR A T 45 R P R AN T AT B 42

6 [ERESHT

ASSCH B TTIRAE T2(1) $ P T o0 B RN B AR 3V, BE NS TF S I R e i BEAR B A2 45 K R RE G R
A E U AR (K BT B A5(2) ESL T BAF DX B bR 1 30 A p T VR T S8 BRI, DA A 308 A R0 v

A i A B i PR TR B B T SR AR IRME S, 5
T8 bR e v AT SRR DA R L R AR A T

BLT AR s ANAN R AT B A (1 RS 5 AR K b T S

D) B TR SC BT Ik AT P AR 5 O, 48 00 o 00 PR 3o Al 1 5 4B 2R, — Uk S B ik
By (0 25 AN AN T AT B A5 A6 A I, HL /b T AR P O N R OB A T S R A R RO bR v T
RHE R BRI RR

2) R A R

PEA H b > A DU [0 7532 o S50 <3 78 i 1 4 010 D00 i 30l 00 R P (10 BT AT T A T 5 4

SR AR ) FbR B A 2 B AR i WK E U A I RE P A m SRR m AW H bR AL

{1 D0 B PR T 2 e T 9 A A R e PR 46 DR 3 D A, T s B A s B A AN W AT I

fa, AU H AR K b

JA e A TR P A 00 S A e T A P DN R ol T Ok R AR R A U i 4 3

T RBE AR, T U R AR o A L AN LS 1) B T S B A A S R i e X e

EEAE o DU S ) a5 Pl R B — P 0 A S R Al b BEAT DK, BE 08 T R Mt 4 B 78 6 Mk R o %

Q)

@

A2 1R KA 5

3) ARSI A5 i A% S S 0 0 7 i e A 1 K, SR A 1) 1 s (7 i
A2 B0 H K A /b A 1 385 17 FEE R B0 B v R SRR B el D A A s R R B BRI T A i L,
A T O B T B AR AT i ISP )R 4 2 A R R ) T 23 S SR B A 1 Bont H L 7D 7T A, 1 9
DT I AR R
4)  DRHUA T AN ATAT AR A AN AT AT AR A U ASE TR 0 R e I X B 7 e B ) AR AT R U, LA s AN T
AT A%, U AR (R B A AT i A AN T AT B A A DN S RS 00 /N 8 7 R A 8 =i 1 ) R A2 DT i 1) A

W]t /b

TR 4 AR AR R

PR I
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7T B &

AR SCHR P2 T OC B AR R s (K P R K DR B 3 2 s T TR Y (K DG B i A R A e
VHERE I I BLE B AR A H 0 S S0 B BT DL PR A D/ 7 2R AR R, D R L a4 PR A L AR
I AR RS AE AR P 5 SCIR P BRI 13 DX e i A AT T4 i PR P R A 8 ) B A B A N ) Uk
Fi o R B ot 1A B A AT AN FTAT B A ARG DN, AN TS BT AT 10 DG B s B A 0 DAy B 78 i A MR i B AR ATAN AT
TR AR 3 AR AR Sk b R ) B 7 i e A M LI i Bl e 146 1) A O A R U e R o 5 2 o 2 sy A,
AT 24 e 7 ot R i A R TR s DL T R DG B e B A R s (1 P R K i DR A 2 2 R e
B 3 ASFEMERR P AT 2 A TR Py 1) S5 36 45 SRR W, SR A 75 325 26 Uk B s FAT 58 o PR 03 AEAROR IR T
Vb K gt — 20 B 2% 5 7 i i A D B A 1) 7 78 vk LA K Ao S 4 3t ) P ) 7 il A (0 £ UG 2 s 7 i % 42
f IR e
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