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An Approach for Class Integration Testing Based on Dynamic Dependency Relations

ZHANG Yan-Mei JIANG Shu-Juan ZHANG Hong-Chang

(School of Computer Science and Technology . China University of Mining and Technology ., Xuzhou Jiangsu 221116)

Abstract  Class integration testing is an important part in object-oriented software testing. An
appropriate test order for software testing can reduce test cost. In the presence of cyclic depend-
ency calls, the test order problem can be solved by removing relationships to break cycles and
then create test stubs. There are insufficient test stubs to complete testing if ignoring dynamic
dependency relations. In this paper, an approach for class integration testing based on dynamic
dependency is proposed. First, inter-class static and dynamic dependencies are analyzed. Then,
under the premise of minimizing the number of test stubs, rules of edge deletion are given, in ad-
dition, an algorithm of eliminating the cycles that formed by static and dynamic dependency is
presented. Furthermore, an integration testing order strategy and an algorithm are given. Final-
TLOG. The experi-

ment results show that the method requires less test stubs than others and improves the test effi-

ly, the whole approach is implemented in a test levels order generator
ciency obviously.
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H. WK 3 4 .CP(G.C)=2, 3 &4y 5 G>C—D,
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BCA, s & MR A—C 07 4 BAC, ly C 41
WA 75 00, HUREMN BR i1 A—C, 2 C 3 I AE .

Bl FHETHE LR B 2 PART —4
TR B - O — AR R A 2 A > IR R — 2O AR
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BE AN o M bk 56 156 s 280 U — 2% A 34 0] LT 8 1 A A
— AR B 2 AR SO T B
LT R 2 ) A B DO R O AT B2 2 A B
) A5 MM 3 B — 7 A=
3.2.2 EORD ™ (1) 35 5 BR300k

L T R A L T A A I R A 2 IR K )
1 B AL R AR 3. 2. 1 R H A 0 0 U R R 3%
A 465 1 AF IO ) A B8 90 IOk 3« i SR e i Bl A AR
FORI 1 BT 5 M2 (30 B H (AT 1~5) 3R )5 I i
SR R e 22 10 0 I 2 A0 AR v RR B R B
Z 030 Ry S AS ORI L B 3 A WO R OGRS W
TAH TR) 9 B A5 A 96 B — 4% 2l A RO 3 Fn— 2%
ORI 30 Ay o — A e 7 B 1) B B 1)1 D L Y 5 3K B
BARH DY B 21 B9 2650 (FF 6 ~8) ¢ S KBk
35 I 83 3 A5 AR 370 5 T R R R A 0 A W B s A 4K
F I (AT 9~ 14). G S A4~ 28 2 [a) 8] B A7 7 — 4 5%
B A — & sh ARt (Rl 1D S ELE A9 B 38 5%
HE MR H 5 2, 000 [a) s B X W 4% 3 (T 15~
17) 5 AR WA~ 2 2 [ [R] i) 77— 2% 4R i (B 4k 7K
M) A — Z S AR A (R 1)) o HLBATT00 B i 4 B 4
H A ) FLI5 2 o DU 53 2 8 b 1) G Bk 32 (A7 18 ~20)
(1 F Kung % AM 2 ZUEB ORD AT & — 4
SCC /DAL & — 55 KRB . W W KA F 5 H
2 W iR — 4% QB N B 1% R Bk i1 (A7 21~
23). WA 2 45 SR Wk i (B sl A MR 00D 1) B0 i 5 AH
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Bk 1. EORDV,E)ByFF Y bR k.
i A :EORD(V,E)
B i R EORD
Begin
1. find all SCCs in EORD;
2. for(each SCCi(Vscci ;Escei ) € SCCs) do
3. search cycles(+++);
4, for (each association edge As and dynamic depend-
ency edge Dy& Escci) do
5. calculate the number of cycles that involve As and Dy;
6. while(totalCycle! =0)do
7. if Dy has the most cycles or Dy and As have the
same number of cycles (include the situation
of Dy and As constitute a simple cycle of two

classes) do

8. judge if Dy is lead by another association edge As’;
9. if lead by As” then
10. remove the dynamic dependency edge Dy;
11. else lead by aggregation edge Ag
12. remove the dynamic dependency edge Dy or

the association edge As;

13. endif
14. endif
15. if two classes have an As and a Dy in the same

direction and have the most cycles do

16. remove the As and Dy simultaneously;

17. endif

18. if two classes have an Ag(or ID and a Dy in the
same direction do

19. remove the other association edge of the cycle;

20. endif

21. if an association edge As has the most cycles then

22. remove the association edge As;

23. endif

24. if more than one association(dynamic dependen-

cy)edges have the same number of cycles then

25. remove any association(dynamic dependency)edge;
26. endif

27. totalCycle= total Cycle—number of cycles broken;
28. recalculate the number of cycles for remaining

association edges and dynamic dependence

edges;
29. endwhile
30. endfor
31. endfor

End
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[ S N
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2 D—G {3,5} 2
3 F—~G {2,4} 2
4 G—F (4,5} 2
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G} 28 25 QR 300 N Bl 25 AR 30 96 S i 3R BR A H L 4
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6~1747AI AT 1:.C—>F, i1 2. D—~G, 41 3. F—~
G il 4:G—>F W R BECH AR B0 2, RAMEE
UMY 83 G o %) — 2% G BE d s Ie A AR I R G B 3L 2,
D—G, i LUATRE AR (3.5 ) IR BRI 1,2, 4.

F ROk N R 095 28 A R4 i il R
BV KA BEECH T DA W AR i 2 A B
H) L2143 5 C—F fil F—~G ., H M B 9 4% 11 v
PR — 25 FT 0 20 5 850 E AR )L 9T A AT DIAE: R R %
— ORI KB RATEBEM R C—F TR % 1,
2,0, R T 4. Z R B il F>~G M G—>F
A8 33X T % 320 Ry LA R ) 30 % 1) DG 6 300 o ] DAAT:
O B3 JEG ) — 2% 30 FRATTE B BR F—G L UH R T
SCC{C,D,F.,G} " 3.

Xt F SCC{B,E} AR5 1, 7 L MBRi E—~
B AT ¥ . i, EORD J2h 1 JC B8 &, i & 4
Ji7R.

Bl 4 RIS Y R4 X R E (EORD)
T EORD i 5 3 i # Z M bk D—~G,C—~

F.F>G E—>BiX 4 &0 5 BINI% 4 Gl i UK
G.F il B # B @1 | ASWIAE S50 5 3 L,
4 IR Fr 5 B R R

TERE PP B AT I AR P I B EORD A i 36 %

J& R F TP ATI A AE B A AR O R L (H IX 28 Bl 25O ¢
FIFBA #13 EORD #4550 % . Bl T (1) EORD
B 55 0 SO G R A 5 S AR O R B T3
B RAERR T 1B 1T B A S AEAE R BE  AL SE
0] ME T FORE TR R Y A RS TR A 2 D i
J o PR M AS RE 3 3 7 50 109 336 1) 4 1 HF P Sy A7 78 PR A
M G R S FE A e WK BRI S Oy T i DR TS BR Y
EORD H i) 8l 285 MR ¢ 28 17 A 19 35 1 00 1k 1) A2, 3%
AT 25 H0 5 00 3 g 00 3 0 3 T 5 s

4.1 MKEMEX

I 20 2 i AR A 7 25 A0 AR 2l 2RO OC 2Ry
28 73 TE 1 93000 5 2531 = e 285 00 4 £ A Bl 285 0
. Ho, w5 A O 48 A I 17 B0 R A B L X
&Py AT 0 A 43 AT ANGE 1 43 BT sR A R AR Y
R H AR 28R A6 A H T A k. #2504k 1 25 2R T
Tt — A I i R ) 3 BCEE k4 . S
RYUR TR L s 1T ARy R AR By IE
M 3% 5 v e =88 00 2 - R 3 3 S8 ] L AT
JF o BT RE T ) i s 4

— WG T Al LLRR R — D =Zndl T =
(T.eed, T.all, T.type)t™ . Hodr, T.need 4 i
KR A s T.all SRl 2 55 9l 25 P 40 o 11 24 )
(5 Ty pe Dk B 26 A0, b, 03X AL 40 45
PR, —FoEE S, S Fon s o —Fh 2 s B
i, 1l Dy 7R,

R A A0 g T BR FR B S 9 EORD Y 4
— A A B ] ] -k D00 28y ) i 20 )

(1) 2 T8 )% RS 80 03, X F EORD i)
PR XHNENIEEL D HSWAHR T=
UX) AXIUSX),S);

(2) Wil 2 DOXOF TR X, @ L—sh 50
RF T=(T.need, T.all,Dy)={X},{X} UD(X),
Dy).

F 3P AK 4 B IH EORD Y S(X) Al
DXD BN E L B E L —DFSNR .
HeZk B2 D(XDF# T4k B Lah &M

*®3 4 d1 EORD #J S(X)F1 D(X)
%X S(X) D(X)
A %] %]
B {A.C,D.,F} {A.C.D.E,F.G.H}
C D} %}
D o) %]
E (A} %)
F {C.D} %)
G {C,D,F,H} jj
H %) %]
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2, NIk B AW MER . 2 Bk 7=, o] @ LK
4 1 EORD By 0rA Mgk 4 s,

%* 4 [E 4% EORD BIiK %

T need T.all T.type
{A} {A} S
{B} {A,B,C,D,F } S
{C} {C.Dj} S
{D} {D} S
{E} {A.E} S
{F} {C,D,F) S
{G} {C,D,F,G,H} S
{H} {H} S
{B} {A,B,C,D,E.F,G,H} Dy

4.2 IR R 43 3R g

B — AR MR E Z )5 - T 29 AT B
— S IR 2 0 3R 2 ) 0 A A 1 2k
SE LB R R — A RO T B 2R
JE. D9 8 RE 2 AR T AR S0 2K 0 3 A
T 4 TSI AR S A Sy 8 s 2 I I
HDEOEIER

EHE2 HRAREKBM—-IHTHE.HERKA
R B —TREH. HELAREB H—KEK
I AR S A 26 A KT R B S AJER B
Z e AT L

. RAYKTEB.EAZHKREDB
(0o JE Ak T 26 A KT 26 B. #5728 B A gk
A BRI BB AR S A ORI R A
EUALIESS A TN AW 42 A R GRS L)
1.

HRARKBH—ITREE B TREEENK
RIS R R T A B RA M — 12 ALK
B AR R 2 e AL IR A R T 2K B.

HRARKB W—RELK N A BB
I2E B Ay R i o, s 28 A Lk — N H R B
B HBE. Qi 2E B s Bl 5t e e AR Al i 22K
BRWeEE A Zas il & JF H2E B By sl b s8R A
ARAE L IS B X R B R R 2 A AR AR R el 45 28 A
2 Rt 2 AR AR AL TRIE . 2R A O T 26 B.

.26 A fER B Z e dE ATk, 74 e B 2

Z5E.
EE3I. B3 ANMKABCHARBW

—NTR.BRECH— MRS A CRET B (K
HWBT B EE C 2B — 1R MEHIE
ZBMERNEOL T » BRI C AR B A
T BT A MLy N B.A.C.

EH. ARBH—-ITER.BECH DR

552, l IR E B 2 A5 LA 7E B Z IR
CTE B ZJa k. X F A.C il aiv ¢ 24
TN -

(D #F CREKT B(EEHMKH T B). ik C7H
BLYiIa) B A B EE B0 T A 4k BRI
B Ak R 2 S AR T I 1T C A RE DT
(B2 A 2B FoE A A8 . R C Ol
AT A B C ZE B AR E R, H L,
A AT C.

(DFECEBW—ITRELXBTAEBHF
Z.0 C & B MRA LK CHWATLER A 1%
HRZEHT CHKBT A.

(R C Lt — A EF B, i B 1 37 A&
AEFETH R BT Ak R R 2 A 4k K T B 2 b By
A WREAE AL HIZIE B . C WRE IS K I B AL 28 5
ALl A T AR BE 2B T CIRIT A.

B iR o M A5 L T B AL C. 13 5E
B3 B4R,

A b, X6 7 B3 36 % DL S 9 ORD 8% # EORD,
HR A B 2 A B3 M R0 Y 5 206 2 1 e %
RS A R Ry 2l A HR W AE 1 B AT B 1] Y
AR MM OC R L 59 TSRO R L BIAE K —
AR T2 IS I BT A R Bk, FL A X
— AT E M Z HT . © 58 B TR TR 2
A R R A2 I 7 B 2RO & g
s AT RLORE I 3 B 09 B i S AT R D AR X —
SR I IZ A LA I3k G0 4 e B D)

(1) #28 C1 T2 C2 A A ) 1 i 25 00 3k 9
TerFl Teos H Tor 8 S Teo s I C2 1 #0285 U 35
F Te 6T CLFRAMIKH Te.

(2) #5725 C1 fiZk C2 A/ WA ARG 2 25 3 9%
To Ml Teos H To s Teo W T, 6T Tey

B HEXCH 2 MM, FHEMKK Ts=
UX}, XUSX» fsh &Mt % Td= (X, XU
SD(X))  Hr ., X€ T.all W Ts 5T Td.

WDHEECLH AT KE To =
(T meed s Teyall) , 32 H C2€ Tey.all,C1£C2, N
X C2 ARG T, =({C2),C2USC2) 5T
Te.

TEI Y EORD H 2 3 5 7 43 fic 580 1 n 533k 2
FTR.

Bk 2. LAY EORD sh 30 7 73 e 55 k.

A . T3 EORD

Sy JERRAY EORD th 28 30 43 i 3 1
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Begin 9. endfor
1. for each class X of acyclic EORD do 10. determine total number of test level N;
. find X’ static dependency set X, , add X, to S(X); 11. order the test level N according to integration
3. SetStaTstLvl(X,S(X)); // R X @7 5 2% test order rule;
End

. SD(X)=(S(XHUDX»™
if S(X)CSD(X) then
SetDynTstLvI(X,D(X));
[/ R X # S ah AR R

2
3
4, find X" dynamic dependency set X, , add X, to D(X) ;
5
6
7

4.3 Wik 5 £ B ER TLOG

FRATTH A b 7 0 20 1 288 4 ) ity v ik
T T — 4 T H—TLOG(Test Level Order
Generator) , JLIIRELS Y AN 5 P/

&= T
2 g i bt
a3 | | w
= TR
T w| | |
o N E Ak
€= o LED T
N T x| |
3 Tl | s
o 5 " 1 e
= ML

> W i
=

22

8. endif
af
A\
>
ﬁ B 2
f 2 i) ml =
% 4 X m r:»j
S| [ R |2 |EE
Sl R P AP E
4 : =
w | [E LR R 2
UMI ok i i ;:,)1:1
1 lorp| | # w| |+ E
L % ~ e
4 N 2
|
>
Dl L
% 5

i LR MG BJE — DRk E 6 g R g
KRR =0 R, H b iy = el 51 K AT LA
A [0) X 52 R G0 10 48— @ BE S (UML) B3 30y o
M2k E 3. F A 4 TLOG i LA 3 % 1) g
R,

(1) PR AR B e, G &1 5 v g 2R AE 7, Ho i
ME B UML 33t 3o i i 28 & 5t ORD fir &
1) SCCs 1) 4% 45301, & 4% SCCs i Jir 45 (1) 35 B B
BN B — A SCCi iy 31 LR 1T 20 4 2 —
L, A 3 R B RN A R S Y RS R T
S TR] R Jo X T 44 36 P ARE 26 4 T 0k g o 3 T 4 L
P A L B Ja A sh il SCCi v i 36 14 %0 B I Bt
A AP AR L SCCi v 45 I3 8 A0 v T iy
WK ECH .

(2) B 3% BB e, 8 S i A B = oo 4 4 R
TR 2L B B ORD, 84 i1 ) 28 M8 ¢ & L 9%
J& R H Tarjan % A W52 AKKGR B SCCi )5
PR 3. 2.2 AR 1L WO — A 2 Aok
W 50 3l S AR B B — A1 SCCi 1) 26 5 W
PN BRI A

(3) M AR e A e sy 40 1 1 19 7 1 0

TLOG Yifig4ita Kl

TG LLSG AR 4 003 0 104 L5 4 B 9 D 4% B8 0 LA K.
A2 A 2 A5 30 B T It g Y 2 A s i
I

TLOG R84 B 2l A4 B3 T 8 SR R 1 2%
A B 37 41 AT o0 3 ) A

5 3£ If

FE X — 19 Ff FRATTHS 1 A 29 04 Tk N B —
2 BLUERR P b 38 A S0 6 B AR S R A Rk
5.1 LA FERE

TESL g AR 1AV 2 350 I BF 52
WA e R POk (Y 3 DR 4. (1) ANT &
% ;(2)DNS £%:; (3) BCEL £%:. H i, ANTP &
4; (http://jakarta. apache. org) f3 & 25 2K,83 4
WA F 654 A KW IF . DNS® R 4 Chttp://
www. xbill. org/dnsjava/) ] DL 32 A2t WX 2% 3 44 IR 4% ,
£ 61 2,276 ZMRMEL, Horb, 10 A2 A 16
NI B&. BCELM! & 45 (http://jakarta. apache. org/
beel/index. htmD) £ & 45 2K, 294 LKl , H
AT ASZEA AL 416091 ASFR B S B A TE A6 B
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%5 iR, Hirp 2~8 51| A% S8 2 (] i K0 O &R
B RGN GITHE S - 4% 18 s K o R B, 2| ¢
AL KA RS E MR R

RO X4 3¢ 2 B (ORD) 1y 78 77 3 250 T 25 A1,
2E Ik ORD £ 7 use il composition & &, {HiH T
use K FR Hl association KRR A HGHE R KR, N ILTE

RPN B35 BUC R I T RS 9IS B RBOCRRE T use Ly association
H.X 3 1MRSGE KK A L £ B Briand 2 A1 X %, [A 3, composition 3¢ &l aggregation 56 .
x5 REMEFAGER
RO K HE usei®  As M Ag ¥ composition 1%L inheritance A0 FADM R BEEC  AURATEL BT I AL OB PR AL
ANT 25 54 16 2 11 654 4093 8894
DNS 61 211 23 12 30 16 6710 16
BCEL 45 18 226 4 46 416091 3033 626826

5.2 IEERE

X 10 2% 10 1 U 26 A g Pl Bk IH) B 4T 8 ORD

5.2.1 ANT &% oA BB N2 18.24.16.20.22 4 s I A .
BT TLOG TEM TR A4 ST IR E R 5 Wb,
B iy BAR R, B SE L ANT 25580 B 3647 40 7. % %6 ANT &%
ARG AT LIS W SCHRES T H b i 8 19 26 Y ) % Y E) %
— 1 AntClassLoader 14 NoBannerlLogger
6 Ji7s. 2 BuildEvent 15 PathTokenizer
*E*Ezlxi%: Hi 1,34 &’ 2N 3&33%1_ E’J H%ﬁ H 7!‘9 3 BuildException 16 Project
[—J ﬂﬂ_u [;1,:/\ ,;F,,ﬂ::”m /ﬁ?éﬁ'fljl , Eﬁﬁ&]l«i ”ﬁj—‘* E/Jz*ﬁﬁ 4 BuildListener 17 ProjectComponent
5 BuildLogger 18 ProjectHelper
KE fi [_JHTjJT Iﬁ Eﬂﬁjﬂ%[“ 1] # Ttt@a»&ﬂ]f% 6 DefaultLogger 19 RuntimeConfigurable
g{\ﬁj—l_ 100 {}\ %‘:2 7 ﬁflﬁé/\ﬂj &,ﬂ] E’in{f?]‘ﬁ% 7 DemuxOutputStream 20 Target
8 DirectoryScanner 21 Task
MG Z2 A8 B A BA % 3k 7R Ol o AR R 2% 1B B 25 9 FileScanner 22 TaskAdapter
W*ﬁ 10 IntrospectionHelper 23 TaskContainer
11 Launcher 24 UnknownElement
%:Z 7 Uﬁﬁﬁ K ﬂaj&iﬁ{% ﬂu% %fﬁ lm%‘u 12 Local 25 XmlLogger
PO S ZR L AT PR B AL M BR 10 2% 3. PR Ry 5 22 S 13 Main
F T FTHANT RE &SRB X RN IFEITRE
BF LB SCCi A A3 SCCi Bk i 4
1 SCcC{4,10,18,19,20,2,16,17,21,22,24,23} 654 19—18
2 Scc{4,10,18,20,2,16,17,21,22,24,23,19} 306 20—18
3 SCC{4,10,24,20,2,16,17,21,22,23,19} 135 20—>24
4 Scc{4,16,2,17,21,20,22,23,19} 50 19—>16
5 SCCc{4,16,2,17,21,20,22,23} 33 1716
6 SCC{4,16,2,20,21,22,23} 22 21—>16
7 SCC{4,16,2,20,21,22,23} 12 20—16
8 SCC{4,16,2,22} &.8.SCC{20,21,23} 38.8.2 2—>168.8.21—>20
9 SCC{16,22} 16—>22
10 JOE Y 0 —
x8 HEMPBERBXREITHIABETE
Wy WPy SCCi W EH A SCCi i I B 1) 301
1 scci{1,16,2,4,5,10,18,19,20,21,22,23,24,25,17} 8894 19—18
2 500{1 16,2,4,5,10,18,20,21,22,23,24,25,17,19} 4017 20—18
3 scc{1,16,2,4,5,10,24,20,21,22,23,25,17,19} 1841 4—>2
4 scc{1,16,2,25,10,24,20,21,22,23,17,19} 897 16—>4(16—>1)(16—>5) (16—>10) (16—>25)
5 Scc{16,2,10,24,20,21,22,23,17,19} 385 16—>2
6 SCC{16,10,24,20,21,22,23,17.19} 204 16—>21(16—>24)
7 SCcc{16,10,24,20,21,22,23,17.19} 100 20—>24
8 SCC{16,10,24,23,20,21,22,17,19} 56 23—>21(23—>22)(23—>24)
9 SCC{24,10} &.8.8CC{16,17,21.,20,22,19} 18.2.18 24—>108.8.16—>22
10 SCC{16,17,21,20,22,19} 12 20—>22
11 SCC{16,17,21,20,19} 7 1716
12 SCC{16,19,20,21} 5 19—>16
13 SCC{16,20,21} 3 20—~16
14 SCC{16,21,20} 2 21—>16
15 SCC{20,21} 1 21—>20
16 Ab B 45 R 0 —

T3k 8 Pl —

B4 5 Y 30 3 7 i S 16K 3 4 T B 17 9 2% 14 3 258 i
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RS R B MM F L B 20 B A6
ZLIRERBCH i 654 1% 8894, F 8 4 T SCCs
BT AL R

MR 8 W] LU i o 3G I 2k (0] 2 4K ¢ R B 4T
filf EORD Hr o B e Bk 23 &30, Jovpr, Bl G 163 1Y)
TIN5 0T 3 2 B s A MO A 7 Sk, T AR O N BR
fIX 23 45300 A U5 28 A A AT PRk L 4T EORD
A WA o 2% 18.2,4,1,5,10,25,21,24,
22,16, 20 f4 7 A o BT A 7 12 ST

BI5, FAA S TLOG T.H A A i ANT
ARG EM T 4 13 AW, Hd 10 SRS
MR (S) .3 A A MIKK (Dy). i3k 9 Fis. K
H: 5 1A M S 58 2 8 Bl iy 2
553 B Ry w0 2 T AR 1) 28 BV B 2 i AT
D 2. 58 4 30 S Bl 25 g ) 3 2H 0. 6
TR 5 A8 7] 14 25 5 B AT =2 TR A AR DG & L LI
JI T AR AT . R, 36 9 i DU O N
W — 178 3000 3 )5 .

5.2.2 DNS &%

X T DNS & 45, F AT R JT FAE 1 77 35 #E 47 58

5. 10 EAegs I IRATH 7 AT R BRI R

JIH B 6 2ok A QG IR BB A 2% I8 3l S AR D

R 9 ANT RGE T a9 IR 7

FE G g X WA 2 SD(X) Ay
4,9.12, —
L 15.17,23 S
3 12 .
2 ; i 5
8 3,12.9
3 19 3,12 S
4 21 3,12,17.19 5
5 20 3,12.19,21,17.23 S
6 16 3,12.15.,17,20,19,21,23 s
1 3,12,4,16,15,17.20,19.21.23
2 16.3,12.15.17.20.19,21,23
7 7 16.3.12.15.17,20.19.21.23 s
10 3,12,4,16.15,17.20.19.21.23
22 3.12.16.15,17.20,19,21,23
6 2,16.3.12,15,17,20,19,21,23.5.4
. 11 1.3.12.4.16.15.17.20.19.21.23 s
24 3,12.16,15.17.20,19.21,23,22 :
25 2,16.3.12.,15.17.20,19.21,23.4.25
. 14 2,16,3,12,15,17,20,19,21,23,6,5,4 ¢
18 3.12.10.4,16.15.17.20.19,21,23,22,24
3,12,4,5,16,15,17,20, .
10 13 19.21,23.18.10.22,24 S
0 2 16,3,12,15,17,20,19,21,23,22,24 |,
10 3.12.4.16.15.17.20.19.21.23.22.24 0%
b 6 2,16,3,12,15,17,20,19,21,23,22,24,5.,4
25 2.16,3.12.15.17.20.19.21,23.22,24,4 DY
13 3,12.4,5,16.15.17.20,19,21,23,
13 18.10,22.24.1,25.2.6 Dy

14 2,16,3,12,15,17,20,19,21,23,22,24,6,5,4

R 10 T8 DNS RG#SRBIX RMBAIRE T E

WIT KPR ) SCCi WP RCH L FE SCCi % i i1
1 SCC{33,38,52) &.8.5CC{8,11,21,25,32,48,58} 38.8.13 33>528.8.21—>11
2 SCC{33,38} &.8.SCC{32,48,58} &.&.SCC{8,21} 18.8.28.8.1 33—>388.2.32—>482.8.21—>8
3 SCC{32,58} 1 32—>58
! Jib B 2 3 0

10 LR A SO7 ik AR 25 18 26 ) i 25
OB A I AT 0 PR B SE M BR 6 2534, 3T 8% ORD
I A R 5 B 2 52,11,38,48.8, 58 4 it I 1A
SILTT B 6 I

AT P B AR S Z L 5 175 A 3l 45 4O
KA EREEH AL £ 11451 T SCCs 3 %
GUESRTSUR N

MR 1T RTLLE Y 380 2 0] 3h 245 4K ¢ R
11 EORD w3 AL R 6 45301, T8 EORD iy
AT E O 28 33,11,48,8,58 4 itk P Ak, AL
i AL I 5 AN DA

FHXF DNS 248, FIHA SR TLOG T H, F 75
JEAFE] 19 ARG b 12 AR (S .7 43
MR (Dy) . I BARMNF W 12 FoR.

F 11 ENHERMERFITHEAE IR
Wy AP SCCi W LB SCCi IH B (1 38
1 SCC{38,33,52) &.&.SCC(8.11,21,25,32,48,58} 38.2.13 38—>338.8.21—>11
2 SCC{52,33}&.&.SCC{32,48,58} & &.SCC{8,21) 1882881 52—>338..32>488.8.21>8
3 SCC{32,58) 1 32—>58
4 Qb P45 R 0 —
% 12 DNS R G & F ik & 59 ik IR =
IR ERUEDS Byt E=bRr e fE2k X KA
1 9,10,13,15,17,27,28,31,36,44,46,49 S 11 3,52 S
2 5,47,53 S 12 33 S
3 21 S 13 20,35,55 Dy
4 8,14,22 S 14 37.42,59,61 Dy
5 32 S 15 51,60 Dy
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(830
F WG GRIEP Byl FE MK e X gl
1.2,4,6.16,18.19.23.25,26.,
1 D

6 29,34,39,40,43,45,48,56,58 S 6 38 Y

7 7,11.20.,24.30.35,41,54,55,57 S 17 52 Dy

8 37,42,59.61 S 18 12.33.50 Dy

9 51,60 S 19 3 Dy

10 12.38.50 S

5.2.3 BCEL &%
BCEL RS & 416091 4~ IF i OR 25 [ 2h 54K
O i1 TR R AR, R B 25 SR R AR SCOT IR AT ik
A MO O 28 0 0 1) A B ) R L R 13 TR T
I BEALNBR 73 45300, BT A 56 AN
RSB R G L B 138 A>3l 5 i ¢
LIS E BN A 626826 . & 14 iAW T

SCCs W Ep i A 4T i 2. 3T EORD A 26 jif 2 )
B 87 Z&i . BALTER 23 70 AN

FxF BCEL & 48, FJHA S TLOG T A, &
MR Ja 45 20 17 A g, e 10 4> i 25 I 3K 2%
(ST MR (Dy) . I 2 1 F A 307 4n
% 15 FoR.

R 13 T8 BCEL REFHERB X RMM A IREB TR

WIT AP SCCi W ECH B SCCi MR it 8
SCC{2.4.35,30,45.5.6,7.18.8,10,13,21,26,15,9,11.12,14,16.17,19, .
1 416091 45->30
22,25,27,28,29,32,33,34,37,38,39,40,20,31,36,41,43,44)
SCC{2,4,35,45,5,6,7,18,8,10,13,21,26,15,9,11,12,14,16,17,19,22,25,
2 3807 45—>35
27,28,29,32,33,34,37,38,39,40,20,31,36,41,43,44} 380735 45735
SCC{2,4,45,5,6.7,18,8,10,13.21.26,15,9,11,12,14,16,17,19,22,25,27,
24482 2->21
3 28,29,32,33,34,37,38,39,40,20,31,36,41,43,44} 823
73 SCC{2.44) 1 244
74 R G5 T 0 —
R4 ENHIERBXRGITHAEITE
VT Jh B SCCi W H Qb SCCi B 1y 341
SCC{2,3,4,35,30,45,5,6,7,9,18,8,10,13,21,26,15,9,11,12,14,16,17, _
! 19,20,22,25,27,28,29,32,33,34,37,38,39,40,20,31,36,41,43,44) 626826 15726
scc{2,3,4,35,30,45,5,6,7,9,18,8,10,13,21,15,9,11,12,14,16,17,19,
2 587032 34—>33
20,22,25,27,28,29,32,33,34,37,38,39,40,20,31,36.41,43,44)
. SCC{2.3.4.35.30,45.5,6.7.9,18,8,10,13,21,15,9,11.12,14,16.17.19. 593101 5
° 20,22,25,27,28,29,32,34,37,38,39,40,20,31,36,41,43,44) ° 7
87 SCC{2,44) 1 244
38 Jib B 25 3 0 —
% 15 BCEL R Z & F ik & &9 iR i e
FE MG FEmk X A FEWH R fE2k X Byl
1 1.17.36.42,45 S 10 3.23.24 S
2 2,6.31,41 S 11 1,21,22.25.29,32,34,37,38,39.40,43,44 Dy
3 8,9,11,12,14,16,20,22,25,32,34,39,40,43,44 S 12 3,23,26,27,35 Dy
4 10,15 S 13 8,9,11,12,14,16,19,20,33 Dy
5 18 S 14 18,21 Dy
6 5,7,19,27,28,33,37,38 S 15 10.13,15 Dy
7 1,21.,29 S 16 23 Dy
8 26,35 S 17 2,5,6,7,28,30,31,36,41 Dy
9 30 S

5.3 ZWHERESH

X FRATT T R ER o A 3 ) 4 A
BH 85 CHE6 ]9 Briand. Traon Fil Tai 2 A
fYy 3 T 2% i 2SR G AR A I 4K 12 L SR 13 ]

L f 30 3l 2 K 06 AR 0 8 A I 3 Uy vk BE AT
Fo#, AR 4 SR 16 ~ 18 FF 7. H v i Ak bf 7R
FEF AT T BT AR 2 03 0 A 85, O\ Ak bR SRR AE
100 YR BETE AT 55 W0 1 4~ B50ME X Bz A Tk 5K
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k16 ANTRZEER
AT N S A D Li 177 12103 O 3h S 40 AT (U R S AR D
100 100 100
80 80 80f
i 60F 60} 601
A 10} 40 10t
g 20} 20t 20k
b4 0 0
12 12 5
I A $ IR A $ I A $
Briand % A J5 12100 (B & 4K H0D Le % A5 M) (G SR D Tai % A M5 %0 (R SR BD
100 50 100
sob 10 80t
i 60} 30 60}
I 0t 20 40t
;,X 20t 10 20t
H 0 11 O3 15161819 20 21 22 0 28
TR A % TR HE A % I (A $
& 17 DNS R4 R
7 3077 GBI sh A K#BD Li (977 3037 O 3 A 4 80 AR 3T (2% IR AR
100 100 100
80F 80 80
i 60F 60 60
I 40t 40 40
" 20} 20 20
b4 0 - 0 - 0 5
WA AN 2 WA AN 2 DT (/> £
Briand % A i) J7 %) (i 5 M0 Le % A H )7 60 (i 250D Tai 4 A7 3 (A BB
100 60 100
80 20 80
i 60 o 60
i 30
pa 10 20 10
% 20 10 20
0 6 O 7 8 90112131415 16 0 27
WURRAE (1 % WA (1A £ WA 12
*x 18 BCEL Z% %R
7 307 GBI sh AR #BD Li (977 3050 G 3 2 40 A3 (2% IR AR D
100 100 100
80 80t 80}
i 60 60} 6ok
f{n 40 40 40F
1T
" 20 20f 20
B 0 0 0
70 70 56
WECHE A £ WRE (/> £ DT (14> %
Briand 2§ A (1977 3% 180 G S K BD Le % N5 11 GRS R 0 Tai % A5 25 (SR BD
100 70 100
80k 20 sof
0
i 60f 10 601
H 40k 30 0
;,Z\ 20k 20 20}
i 10
0 0
70 67 128
DT (/> £ NJLIHEE’J/%&( WURAE (/> %
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TR 16~18 g5 R LUK B 4T ANT &
G, QSR IR A ARG R SR A SO
PATE L 100 W, BT E R 1 5 AL, 1T >R
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Background

Class integration testing is an important part in object-o-
riented software testing, and the determination of class order
is a key and difficult problem of class integration testing. An
appropriate test order for software testing can reduce test
cost.

For the class test order problem, the existing solutions
mostly focused on the static analysis, but inter-class dynamic
dependency is universal. Therefore, neglecting dynamic de-
pendencies tends to make the shortage of test stubs, causing
the test insufficiency.

So far, there are some scholars that consider the inter-
class dynamic dependency, but they just considered simply
ordering of classes without involve cyclic dependency calls.
Although there are few studies that involved cycles and gave
rules of removing edges, taking account of dynamic depend-
encies, inheritance and aggregation dependencies are allowed
to be removed. Thus this significantly increases the redun-

dant stubs in some situations.

JIANG Shu-Juan, born in 1966, professor, Ph. D. su-
pervisor. Her research interests include compilation tech-
niques, software engineering.

ZHANG Hong-Chang. born in 1989, M. S. candidate.

His research interests include software analysis and testing.

The goal of the authors’ study is to devise an optimal
order with the minimum number of stubs. This can solve the
problem that the stubs are insufficient for completing test led
by ignoring dynamic dependencies.

The main contribution of this work is: under the prem-
ise of minimizing the number of test stubs, propose several
rules of removing edges, taking account of dynamic depend-
encies. The advantage of the proposed method is that the test
order is novel, which lies in the fact that it is the test order
after eliminating the cycles that formed by static and dynamic
dependency.
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