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Class-Integration Testing Sequence Research Based on Dynamic Dependency *

CHEN Jianxun™ ,XIAO Yiran

(College of Computer Science and Technology , Wuhan University of Science and Technology , Wuhan 430065 , China )

Abstract ; The cost of the class-integration-test depends largely on the testing sequence. Therefore ,an approach based
on dynamic dependency relation for class-integration-test order is proposed in order to obtain a suitable test sequence.
Firstly,the class dependencies among those object relational graphs are analysed. Secondly, the loop is removed by
applying the edge deletion rules. Lastly, the test order is achieved based on the topological sequence of a directed
acycline graph. The simulation results show that 42% test stubs were reduced by applying the proposed method
comparing to the Briands method. It comes to a conclusion that this method meets the requirement of reducing the test
stubs to the minimum. In addition,it improves test efficiency as well as reduces the test cost.

Key words :object relational graph ;dynamic dependency ;test stub ;test sequence ;directed acycline graph
EEACC.7210A doi:10.3969/j. issn. 1004-1699.2014. 01. 012

ST 3 25 R 1 25 ) S 5

(RDBHE R 2T BB S E AR B, B 430065)

B TR A N U e B MR A RN, T A5 50 4l A BT | 4R T — b T 3l 2540 1 28 B T 11
Titk, BT GO R B TR IBMKIBOC AR | SR 12 FH RN BRAL DN 25 BRIR B, B Jo i FAT 1) JE PR &L B #4157 910 2 1 2 A 1K
MR, 5 LA SRR ARSI 5 EE 8 Briand (8975 ER080/0 T 42% 9 INAAE . IH T 125 096 R de /N I 1) 5 2 i v 1 Rk
D T MR

KRR - 0 G TR 5 S O WO 5 DL 5 A7 1 JE 3R]

hE 4 %S . TP311.5 XERFRIAD . A N EHS.1004-1699 (2014)01-0064—06

B ) A B A T ) X R AR R e R — A
JEH B R, SR G A RGN [F] 1 2 HXT )
REALE AN T X R0 2 Ak RN 22 25 A5 Rk
AR AR, TR X G FRE T 28 ] R R
T B, — 45T BT B s N i — 2% 07
VRR IR BRI OC R o F T X G AR T
BT RRE (75 22 AN S 1 i 28 7 v B A ¢ 3=
TE U RAR 25 B DR skt DAIR FRL T Je i DA B ey 42
HEZE [T 1k S A) lZ — AR
s A A Y 2 2207 TR, ek SIS 1) a0t
DA/ A B &, XoF BRI e A 4 J )
4 E N AOR S — MR A R iR AR

XF TN AFTE 20 B 09 X 4 % & Bl ORD ( Object
Related Diagram) *! | Z&[R]IRT 7 AT L3 1 £77 A1)
WA NT 81 2K A e s X TAEAEFR B Y ORD, I 55
BN B LR G R AFT B i R B SRS 25

R PRk i 288 TRD 3 ) A2 0 1)
TR EATHA B, 24 Kung™ 107 5 M B — 4%
B2 AR QI AT BRI | A 25 SRS ) 1Y) & Je 4k
REFR UK BKBER, ¥H Le Traon"' 1
Tarjan" B LIERE 15| AT 35 7438 &, H B4 X5 3
FIA IS A, e 7 A R AR, 2
# Briand7 7E Tai'® F1 Le Traon 5 3: 3Ll I
FHR BT 7, Rt B BRMP LRI OC &R . %
JTEE RN RS T o B BR Ak R R A X RGN
52 3 M 1 [P) R, 03B 4 T Tai 55 N 5 IAAE B
B SR PR A A I BB

FELE 1N Z2F0 5 2 0 LU A0 W I, AR SCHE el stk
S CHR[ 10 ] B L A L4568 T A m XA EAE
By BCIRINUY . %20 Bl A R RS R 5
TR IO OC R |, IRl A3 BT A T R 254 FEORAIE
WA 5 H S RT R0 O RGER T, A 220 00 B3 1 ]

B SRR . FEK [ RFFE R4 H (61100055 ,61033003,60974112,91130034 ) 5 1db 48 A SRR 34: 75 H (2011CDB233)

W FE B HA.2013-10-21 &2 H#4.2013-12-26



%1 3

MR, W A AR R T3 AR A 2 18 SRR A 65

ZERERES  CEBLIEAL Loz HIA 1) O 18 B 4 F P 51
B —A> 5 I

1 EXHEE

1.1 NEMEBXFR

T[] 0 G 2 5 285 ) A A S O 3R - B4 45 P26
1.1 B8R R

FSHOBOC R R I 2R P AU S S5 F P
WL SR Z MR, XS T, 250
IS CR FEAMWERXR BEXRRAKILR,

(1) W2RZE A 22K B Y125, W28 A B Wbk
KR, AT B,

(2) SR A BRI A — k22 B
S, S A B WA CHR R A KT B,

(3) QnER2E A WIRLE IR T 28 B By SE 4],
MIZE A B RCHROCHR PR A T B,

FEAE LI #5728 A OB 128 B, 5B B
PRI A

T UL e Z [ AR 0C 2R 0] U G x4
KZRE(ORD), ORD H &4 i R EEH T 1
—AN K WA S R kR R A FCE
R —F, A 1, Ag, As FR
1.1.2 B &

A R A IAEFET 121 T P ) —
PRI E R, #HRABRKBWFHR, HEE THB
M, B R C MRS, HIWAH T B
P A EEH R, WAERITZITE, C A 3
AYRRE 28 C MBI T A ARSCUEAE ORD 1
Fefih FHEATIEE MY, PRI AR VT REAF AR 1Y o)
BUHE R HBFRICAE ORD w8 1 295 %t
% % Z ] EORD ( Extended Object Relation Graph) H:
H B S B2 A Ml RoR

H1 ¥REHTEXFZB(EORD)
1.2 i HE
FESL AR A — DA A2 B
MIRSS L BN A 060 B AESE I R e, 24 A

AU, B I ARBER I, BA T AL B 155
LA AU ZEA 3 PR — I

TESE I A o, SR B 26 A AT
28 A FPRE 9 73 — 28 B IF B 2 ik,
RARMELESELIN (5] A 2R B, Wb 7 23 52 i 1) 0 28
A BRI, I A EEA AU A0 X R R AU 2R
B DA JF A J2 B IE 1% 4, (HJ2 B8 % S 13 I X
G ARG AR BORZS IR, TR X R A RE AR
A} fekE TR X 52, l o AU, 3 5 1] 18
FrEE R H B 2 D HeE T I AR

2 Bty S EmR IR E ik

S22 SCHR10 ] O S AT T MR SR A A 0
JEAE—AN R 43 (SCC) P, 24 Dy 1 As i ¥ I
PREECE AR RIS, A A A B8 B I SR s 2 s
I HLAE— YR AW 45 AR B AH B 321 LA, SCC A ]
REASRATAE IR, SCHR P A AR . A0 7, AR X
ORI AT, TS A ) O TR ) SR 3 H AR S
el

FEMCHE G Z i, AR O R AR G O R IR I R
PEWHIEY T TIPS ESPIENIEPI
R R Tk G N IR S AR OC & 52 EORD Hh
M ZR AN TERE | T TR BEAE 55 e R O R

o T, e EE I EORD
H 2 DA S E AT Z ] AR 5C R B SCC, 2R J5 £
FAF—A T8 o TR R Ge e i
3t VAR 2R 55 OCIR G R TV S A BRI H I B v
FARBEEL H fe 2 M0, o 1 — A R A R
B R —AA I TC A
2.1 EORD H# IR H R E &

X FAFAEIR I 16 EORD , ] 3 W6 26 30 334 B 24 %
Vg B B R R B 5 TR sh AR
XFHT A BB () 5 ) () A 7 A A s 174 00 3 A e
D FRATTN AT M I55% e 2L B 11 F T e R 22 1) A i
) S0, T & A DG R R RO

LB & A AL, HZ C RS 25, Wk C
EA R B Za AT, A B AR AT
Bk A MR IIAAE , Rk B A

TE LRI FE ) 25 Dy 1 As 95 S BRER AL
H AR FIE, B 2 B HIM% SCC B B IEE A 2A
] )32, 25 A1 16) 10 As 1 Dy, DU 6% 33k 9 45 30 5 %5
Rl Ag 1 A1 Dy, WIMHIER Dy 31,

HRAE 1 SCHE S A I B R ) L B B iy el e,
THI 265 AR MBS Sk AR AN 2 R



G
66

HOA F R

www. chinatransducers. com

%27 %

1ZEORDH VAT A AT 1E

S NGEiSCCivb il M 3R %

—2%kil1° Dy

[ 33
AsHIDy

Y
M iZAsFIDy

U Num(Dy)FINum(As)
Xum(Dy)\ N Num(Dy)= N Num(Dy)<
Num(As Num(As Num(As
\'{'/ s
TR R Y il ES NI
Num(Dy)ilt SKBAETER I, It Num(As)ill

[F] 1] 321
Ag/TFID

Y
IMBRIZIR T As

B2 HErsR

SR 10 | BRI E R 0(n?) , TIA S
PRI AN O (n) , B AT A SR PR Y
FR BT B BRI

IR EL 1 b s F N B WA
B B BRI .

%1 SCC|E,F,G,H| HEIEREE

EN el Wi
1 E—F—E
2 E—F—->G—E
3 E—F—->H—G—E

%2 SCCIE,F,G,H|55xBEX R A& XEINT R HIINEE

(N aUELN SURGIS&R]
Y
S HE 4 FREES
E—F As {1,2,314 3
F—G As 12,31 2
F—H Dy 13] 1
#£3 SCC{A,B,C| HHYEREE
G 7N
1 B—A—B
2 C—A—C
3 B—A—C—B

R4 SCCIA,B,C|55KERX R & XEN W K KR EE

BoA As (1,3] 2
CoA Dy (2] 1
C—B As {31 1

WIEAT YA S 8 SCCLE,F, G, H} &4
I S AU K PR EEECH | 25 R a3k 2
fiw, HBEMS MR E—F BIAT 47 8% 51 A i 2R
%, XF SCC{A,B,C  MRHEA DL, FEMERD B—
AT C—A TR, BT, EORD Bh T L EF
KR 3 s,

B3 HHRFRBETRGTEXELZR



%1 3

MR, 0 7 K AR T 3h AR 6 3K R R KO A AT 67

FT1% EORD H fir A 3 B 75 2 M B E—>F B—A
Il C—A X =550, 5 =4 RS A F 45
B AT 1A, 2 AN e, R A 1
JIT 7 B S ARG AR 2 AT
2.2 MLKIERFE 5 B

FERRF AT R R o, THBR EORD (% 34 % LA
J& BT AN AR S ASHOBOC R |, T3 B IROC R
HERRIFIBA T A S IR — 2, %28
JIFHCHS 0 T A 28 R L 2, i ELAE X — AN 2847
MR Z R, A AR 2 28 58 A

FE MK C=(C. goal, C. all, C. type) [14] ,H
W C. goal WA ; C. all Jg #0228 B 44 5t 110
R FHAE ; C. type AR A | MM S
FR, BN Dy %5, X T EORD & —
AN X, AN IE LA C= (X ,S
(X),S) ;M T R D(X) =D 2 X, E L—ha
iK% C=({X|,D(X),Dy),

PAE 3 Ji78 EORD A, 1 58 A~ 24 A E
XSG, K2 C M F e D(X) #
& IBAN CHE & LHEMIKG, £S5 FinRE
6 FFIJCH EORD f4 A ik 4%

%5 [E3 ™ EORD BIilik R

C. goal C. all C. type
(Al [A,B,C,D,E S
[ Bl [B} S
(c {B,C,D,E| S
(D} [D} S
[E} [D,E| S
{F} {D,E,F,G| S
1G] ID,E,G} S
[H] {D,E,H,G} S
[c [B,C,D,E,F,G} Dy
[F| {D,F,G,H| Dy

XS S AR, T A R AR
P T — TR A [ N ST A 1
BT I 0L IR . (1) 72 A ) B ik — A4k
AT AT T I EL At 5 (2) AT v B3R 2 T Y
i VEfE R W, EE LR L E) 4 T
SPIC T B Y R SR TR T
1k, SR RS S, IR 5 3l B4
IR GR , 43 B 2l A5 W i XY o R A
KRBE N, 2 AR T B, W e B B A,
WA B+ N 513 e R SA IS0

PRy TSR B S A BT 3 A A R O X
ZAFENTFII N : (H,F,G,A,C,E,D,B) B3
A i A 2 A G Y AN ET 4 B

({D}. S(D). S) ({B}. S(B). S)

({E}. S(E), S)

I

({G}, 8(G), S) ({C}, 8(0), )

({H}, S(H), S)  ({F}, S(F), S) ({A}. S(A), S)

({F}, S(F), Dy) ({C}, S(O), Dy)
B4 K X0 5

3 XBHERERSH

HRAE ARSI A SRk R IS B T —A
TH TLOG i T (i A A B — i i 1)
X RGN R N =Jed %R, %N ETUF
T AR T AR 1 1) X R R G G — AR
THICR ) UML 2R B3R, TLOG EE A JLAT)
AE: (1) PR A BB s (2) FRERIH BRAC R 5 (3) Tt
RHE P, DL SD s iz Pyt i 1ol 45 Ab B R 52
J S B UE AR SO R A R, SD RGP E 10
A TEAN(E BN 6.,

SD RGALE 1126 DI (A% B8 B HH) |
P T WA B, UTRT B 45 R R A 5 ik T i 4K
O A A B B S R, W3R 7 PR FT A B AL
B 95 253l , S Pras BEAA HE 81 A, % 1E )
U RGBT 39 DB R, IR AL
Hmz 2283 >, % 8 45 T SCC h A BE AT A o
T2, 4TH EORD BRI BR 124 4530, LR g &
P 95 AR,

AR SO AT RS B I8 BT 5 4 i A A B 430
53CER[2 ] Kung H 2% JE#R S AR C R K
BERISCHR[5-7 ] Th 5] A SCC HEAME %A FIAT 15 JCER
FIMEA Y Briand J5 kb A7 oA 25 AN 5 i

SEEGZE SRR B R B S SO RS, 5K
BRI R H I % 2 Kung 754k T4 % 18 3)
BT, WA £ B EORD H T A (1) BR 1%, i 75 I
M/ b fHE M AR e, A L H SR 5 Briand
T3 AT (R PR B ORA (] F 2 AR S 125 e it DA
b HARPSE O AREE . it A SCeoH Bk
T 2 F/ IMEIRHE 752K T BT S 2 ) K s
W B TR WD TR A



B R BH R F R

68 www. chinatransducers. com %27 %

F6 SDRGEMEHAER

Y% RWEH SCCHHE AgiiBH AsWEH TBH Dy WBH ERIARREREC P Ok i 30 % 4L

SD 44 25 106 150 62 39 1126 2283

R FTHERSREIX R BRI

WP AhEAY Sce SCC R EE H M Bk 4
4330
scci2,4,35,30,45,5,6,7,18,8,10,13,21,26,15,9,11,12, 14, 3726
1 16,17,19,22,25,27,28,29,32,33,34,37,38,39,40,20,31,36, 1426 6—10
41,43 44| 3227
43—44
scci2,4,35,45,5,6,7,18,8,10,13,21,26,15,9,11,12,14,16, 4325
2 17,19,22,25,27,28,29,32,33,34,37,38,39,40,20,31,36,41, 658 2722
43 44| 13—15
sccl1,2,4,45,5,6,7,18,9,8,10,13,21,26,15,9,11,12, 14, 1—18
3 16,17,19,22,25,27,28,29,32,29 32,33 ,34,37,38,39,40,20, 284 11—15
31,36,41,43 ,44] 1934
25 SCC {2,441 1 244
26 Qb FRZE 0
F 8 EmMENTKRBIKX REFTHINEITIE
WIF ALBR) SCC SCC HH A H B Y 321
43—28
4330
scci2,3,4,35,30,45,5,6,7,9,18,8,10,13,21,26,15,9,11, 376
N
1 12,14,16,17,19,20,22,25,27,28,29,32,33,34 37,38 39,40, 2983 610
N
20,31,36,41,43 44|
3227
43—44
263
scci2,3,4,35,30,45,5,6,7,9,18,10,13,21,15,9,11,12,14, 3s
N
2 16,17,19,20,22,25,27,28,29,32,33,34,37,38,39,40,20,31, 982
2722
36,41,43 4}
13—15
43—34
scci1,2,3,4,35,30,45,5,7,9,18,8,10,13,21,15,9,11,12, g
N
3 14,16,17,19,20,22,25,27,28,29,32,34,37,38,39,40,20,31, 482 15
N
36,41,43 ,44]
19—34
42 SCC{2,44] 1 2—44
43 Qb FRZE 0
180 - BriandJy 1 2500 - ‘ 120 - ASrik
- Briand Jj ik A5k % 100k
= hui
§ J:Eig Kung Jy &= 80r Briand 77}
£ 2 1000 S 60-
= & £ 40r Kung /7%
= B 500 = ung
& 20
0 R 0 A
NGRS NGRS NGRS
(@) (b) (©)

BS5 3 ArF ke



MRAE R, B R AR IR T 3 AAROR #Y 2K 18 ) KO B AT A 69

4 LRiE

e [ 5 Z AL R B A D0 T, 75 XM B
ARG AR LI BRER G, [ It s ik, S
5 S0 ORD FREE] AHOBIOC &, BEE T i
O R R DU 25 R 30 B, 7 1 R Al 3z FHA 1) JG3A
ANT AN 45 2R AT . iz A T R
TLOG H ki 75 12 B H A I 1 7 850 i) I 3l b
IRACRA W R PR, A SCIE LS Kung A
Briand BOSEVEA L5 IR T S A4, I B A 16
JCH 5 2 I, YERERLL, R 244
M B I, AR AR T I A, HE A
HRAFAER AL ZAL  BEA BN G IS A1, SEPR
b G2 R MR ) AR | T TR 532 ) 28 ) 0
BT , B I G2 BT 0RE 2 LUs TAR R E A

S

(1] FEIE. 2T ORG B9 00 HAMAHLAM[D]. FIE. & T
Talk KA, 2005.

[2] Kung D C,Gao J,Hsia P,et al. Class Firewall , Test Order,and Re-
gression Testing of Object-Oriented Programs[ J]. JOOP, 1995, 8
(2):51-65.

[3] LeT Y, Jeron T, Jezequel J M, et al. Efficient Object-Oriented
Integration and Regression Testing [ J ]. IEEE Transactions on
Reliability,2000,49 (1) :12-25.

[4] Tarjan R. Depth-First Search and Linear Graph Algorithms [ J].
SIAM Journal on Computing,1972,1(2) :146-160.

[5] Briand L C,Labiche Y, Wang Y. Revisiting Strategies for Ordering

Class Integration Testing in the Presence of Dependency Cycles

PRER (1957-), 95, W+, # 42, CCF
R G BT SR R TR T
HLETE 2 H0 CAD HAR (B T3 LM
KRR , jxwh@ wust. edu. cn;

[10]

[11]

[12]

[13]

[14]

[ C]//Software Reliability Engineering,2001. ISSRE 2001. Proceed-
ings. 12th International Symposium on. IEEE 2001 ;287-296.
Briand L. C, Feng J, Labiche Y. Using Genetic Algorithms and
Coupling Measures to Devise Optimal Integration Test Orders[ C]//
Proceedings of the 14th International Conference on Software
Engineering and Knowledge Engineering. ACM,2002 :43-50.
Briand L. C,Labiche Y, Wang Y. An Investigation of Graph-Based
Class Integration Test Order Strategies[ J]. IEEE Transactions on
Software Engineering,2003,29(7) :594-607.

Tai K C, Daniels F J. Interclass Test Order for Object-Oriented
Software [ J ]. Journal of Object-Oriented Programming, 1999,
12(4) :18-25.

2. P SR e 52 [ ) ). 3L T AR 5 B3, 2008,
29(4):781-783.

SRHE 22 UUE , TRLL B —Fh L T 3 Z5 AR 5 &R 19 2 4 Al
WO [J]. LA ,2011,34(6) :1075-1089.
2R A RS 2. BT IR0 Bl A A 5 £ A A s
FroyBUSEms [ J]. R ROR 2 BT 244 ,2005,16 (1) :93-97.
Wang Z,Li B, Wang L, et al. Using Coupling Measure Technique
and Random Iterative Algorithm for Inter-Class Integration Test
Order Problem [ C ]//Computer Software and
Conference Workshops (COMPSACW ) ,2010 IEEE 34th Annual.
IEEE,2010.:329-334.

Applications

Jiang S,Zhang Y, Yi D. Test Data Generation Approach for Basis
Path Coverage [ J]. ACM SIGSOFT Software Engineering Notes,
2012,37(3) :1-7.

Labiche Y, Thevenod-Fosse P, Waeselynck H, et al. Testing Levels
for Object-Oriented Software[ C]//Proceedings of the 22nd Interna-
tional Conference on Software Engineering. ACM,2000:136-145.
&, B . SR LA SR T R R T[]
FE R AR ] ,2007,20 (2) :366-369.

RIR WA, ERAR 5. RGP 7 1k B AR Sy 2 e 4R
SRR R LT ] A2 B AR 2441, 2006,19(5) :1313-1318.

B IRER (1988-) , % W58 A, P 5%
I AR TR A,



