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An Approach for Inter-Class Integration Test Order Determination
Based on Coupling Measures

JIANG Shu-Juan ZHANG Yan-Mei Li Hai-Yang WANG Qing-Tan

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

Abstract A key and difficult problem of inter-class integration testing is to determine the orders
of tested classes. If the orders of tested classes are different, the corresponding costs of stubbing
are also different. The overall complexity of stubbing is determined by the accurate measurement
of the complexity of each stub. For the class test order problem, this paper presents an approach
for inter-class integration test order determination based on coupling measures. The technique
combines inter-class coupling measurement and graph-based heuristic algorithm. The former is
used to assess the complexity of each stub and the latter is used to break cycles with the minimum
overall complexity of stubbing. First, it proposes a computing method of coupling weight used in
coupling measure, by which each test stub complexity is reevaluated, then, presents an effective
graph-based heuristic algorithm for breaking the cycles of class diagram. Finally, the paper im-
plements a test order automatic generating tool for object-oriented system—TOGOS. The experi-
ment results show that the approach can make the overall stubbing complexity for breaking cycles

reduced obviously, and lead to lower integration test cost.
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i A : SCCi

. PR B B4R

Eliminate loops for SCCi.

Begin
1. find all SCCs in class graph;
//HE R B A 1) SCCs
2. for (each scci(V. 3 E.:) € SCCs) do
//He B 1H

4. for (each association or use edge e€ E,,) do

3. search loops(++);

5. find the number of loops that use edge e;
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6. view the SCplx as edge weights in SCCs;
/AT RARE ) B A% AR SCCs il e HYRLE
7. calculate loop-weight ratio;
[/ e I B B AL L
8. endfor
9. while (totallLoop!=0) do
10.  remove the edge with highest loop-weight ratio;
/ /T B 3R s — AT L e v I SR i
11. totallLoop=totall.oop- number of loops broken;
[/ BRITEREH = B REHEH —
/BT R B B i H
12.  modify the number of loops for remaining edge;
/M BAE TR A i B T 3 e I PR B 1 B H
13. recalculate the loop-weight ratio for remaining edge;
/ /R T 4% 1 T 2 3 T T B - AR
14. if association or use edge e with the same loop-

weight ratio;

WEEZ $28: S & N EICNOE PN i Pl

15. then remove the e with more loops;
// T B A5 T4 B A B TR 2% 54
16. if the number of broken loops samej;
/ /T T8 1A TR A B8 AH ()
17. then remove any edge;

/ /B HG AR B — AL

18. endif
19. endif
20. endwhile
21. endfor
End
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10) (Briand 28 A™ . Kung % A" Kraft 28 AN #R
AR 465 A ) 2 TR 300 B sl S i) e ) R B 1 s 1
A Cost (OO BAFAEI T K AR COCHIL) =
CUf A1) <CEREHDH <CEERDD . FH L . FR 4% &
RKAMBERFZ B R LR M RR SRR
RYPREERR KR N T 0 WA, A< SCTH BR
A N 5 G W BR SR I R ) L R 2 AR R AR
LU A [ #9 5C 16¢ 320 2088 FH 2 DU N 55k el A5 3T A 2R %
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A+ class cluster

i . class integration test order

Class Integration Test Order.

Begin
1. Gen_class graph precedence table() ;
/77 A R B WL e Rk
2. Search SCCs; // 3R BT A #) SCCs
3. view each SCCi as one node, make the class graph
acyclic;
. for each acyclic graph do //f&ifk )5 19 TG ¥ &
Find Reverse() 3 // BN T R m A P E T
for each SCCi & SCCs do
Eliminate loops for SCCi;
JIMRIESE 1IHBR SCCi 1Y 35 %
8. GetAllNodeReverse(SCCi) ;
/AR WA E AR B SCC i A
/7T R ] 3 HE

=~ oy G e

9. endfor

10. endfor

11. output class integration test order;

/ /i 2 A R Iy 31

End

TR B e A KB AILER (T D
AR P SCCs (7 2) . R 5 84— 4> 1 SCCi
AL AR 2R 1B R TR R BT (AT 3D %
TR R TE R 4R B B3 ) HhF HE R (A7 4~
54T RX T8 —AF SCCi, R H kL 1 R
SCCi & 45 3) SCCi rp JIr A7 75 s 18306 1w #1411
Je (FT 6~8) 5 fie i » X Jo 35 [ 47 306 ) # $1 AR 3
45 3 Jr A7 2R 48 U3 7 41 (7 1D).
3.3 @MWK FERTE

FRATTHE A b 28 Pa] I 3T A o B 1 e O 5
MT — 1T H—TOGOS(Test Order Generator
for Object-Oriented System), H £ 4t 45 4 40 & 2
iR,

L HEA LG B — DR T 0 X 5 R g0k
Fl KRR =T HN R Horb iy = ST 51 3R AT L iy
T [3) % 52 R GE i) UML Bt SCORS b 9 28 &1 3R 75

T ) % % R 48 IUML SCAY
v
v
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| H Tarjan N

HV U HESCCs
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v
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'

DR GE P 21 p A e

It A AR

B 2 TOGOS I fig 45 14 &
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M 1 W7 — A5 B Ak S R I (il T 3D R B —
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X G R P AT 396 16 4 I i e 2 B K 8.
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Hor 8 A2ty Bl — 3 & 30 AN IR Y SCCH.
ANT R 5 jakarta Wi H V1.4 FA ) — 358 9
(http://jakarta. apache. org). SZ& 43 #r H: o A4 il K
HIREERY 25 2L HT L X 25 AR ZMAAAE 83 4%
A, H 1 654 AR IR . DNS R4 (http://
www. xbill. org/dnsjava/) B] DA #2& 4L /X 2% 35k 44 IR 55 »
A5 61 AN2.276 AL, Forb, 10 A4S 2R B 16
ANFREES X 3 ARG S R e A R T L
Z 1 Briand 48 A\ SRR .

SOOT & — A~ REHERH 43T Java 5745 i (1) T U5
TR AT LR AR A Y 7 43 B D B L 4 4, 2 1a)
Mot AT HEE AKX DO d 4 S 5E. RATE
Jeidid SOOT 1532 2 ] 8 JT 18, P %1% 98 ] & 17
i 7 o3 A 28 E] A U G &R L iE— 2045 3 H AR B
4.1.1 ATM £45¢

T TOGOS A By AR JsU 8, Al 45

S AR R, 1 e L ATM R G806 647 43 47
1R ATM R i A 28,

x1 ATM &%

Ko 's ES Ko ES

1 ReceiptPrinter 12 Withdrawal Transaction
2 Display 13 DepositTransaction
3 Keyboard 14 TransferTransaction
4 CardReader 15 InquiryTransaction
5 OperatorPanel 16 GUILayout
6 EnvelopeAcceptor 17 QuestionDialog
7 CashDispenser 18 ATMMain
8 ATM 19 ATMApplet
9 Bank 20 Money

10 Session 21 Status

11 Transaction

B IO B Rm iy ATM R 40 o
i/ e SCC{8,9,10,11,12,13,14,15} 444531
P Xt LR CM AN 2 Brs. 4 CM H g 4 4
FERZHEEMA SOOT it 3R15 1.

£ 2 8SCC{8,9.10,11,12,13,14,15} &K iBH CM &

K5 8 9 10 12 13 14 15
8 0.1.0.0 0.2.2.3
9 0.7.1.3
10 0.7.4.4 0.2.1.1 0.0.5.3 0.2.1.0 0.2.1.0 0.2.1.0 0.2.1.0
11 0.2.1.3 0.1.0.0 0.2.1.0
12 0.4.3.11 0.4.3.11 0.2.2.0 0.0.0.0
13 0.4.3.6 0.4.3.14 0.2.2.0 0.0.0.0
14 0.3.2.6 0.3.3.12 0.2.2.0 0.0.0.0
15 0.2.1.6 0.3.3.10 0.2.2.0 0.0.0.0
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1 8§—>9—>8 16 10—14—11—10

2 8—>10—>8 17 10—>15—>11—>10

3 10—11—10 18 8§—>10—>11—->9—>8

4 10—12—10 19 8§>10—>12—>9—>8

5 10—13—10 20 8§—>10—13—>9—>8

6 10—14—10 21 8§—>10—>14—>9—>8

7 10—15—10 22 8§—>10—>15—>9—>8

8 8§—>10—>9—>8 23 8§—>10—12—>11—>8

9 8§—>10—>11—>8 24 8§—>10—>13—>11—>8
10 8§—>10—>12—>8 25 8§>10—>14—>11—>8
11 8§—>10—>13—>8 26 8§>10—>15—>11—>8
12 8§—>10—>14—>8 27 8§>10—>12—>11—>9—>8
13 8§—>10—>15—>8 28 8>10—>13—>11—>9—>8
14 10—>12—11—10 29 8—>10—>14—>11—>9—>8
15 10—>13—11—>10 30 8>10—>15—>11—>9—>8
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UNED:R- RN -l
1 8—>9 1 0.71 1. 00 0. 14
2 810 20 0.53 1. 22 0. 32
3 9—>8 11 1. 00 1.17 0. 89
4 10—8 1 1. 00 1. 66 0. 81
5 10—9 1 0. 74 1.13 0.23
6 10—11 3 oo 5. 00 0.72
7 10—>12 6 0.23 1. 13 0.23
8 10—~13 6 0.23 1.13 0.23
9 10—~14 6 0. 26 1.13 0.23
10 10—~>15 6 0.21 1.13 0.23
11 11—-38 5 0. 74 1. 17 0.29
12 11—-9 5 0.71 1. 00 0. 14
13 11—>10 5 0.53 1.13 0.23
14 12—8 1 0.81 1. 60 0. 96
15 12—9 1 0. 81 2.59 0. 96
16 12—10 1 0.53 2.01 0.28
17 12—11 3 oo 5. 00 oo
18 13—>38 1 0. 81 1. 50 0.59
19 13—9 1 0. 81 2.62 1.28
20 13—>10 1 0.53 2.01 0.28
21 13—>11 3 oo 5. 00 co
22 14—38 1 0. 77 1. 39 0.53
23 14—9 1 0.77 2.58 1. 08
24 14—>10 1 0.53 2.01 0.28
25 14—>11 3 oo 5. 00 co
26 158 1 0. 74 1. 29 0. 57
27 159 1 0. 77 2.58 0. 86
28  15—>10 1 0.53 2.01 0.28
29 15—11 3 ©o 5. 00 oo

o T B 21 oy SRR BRE R FLRIAT
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89 0.71
810 0.53
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EYNiD] 7 1012 0.23 2.70 Z Ik
JypeLel 10—13 0.23
1014 0. 26
1015 0.21
89 0.71
8—>10 0.53
Abdurazik 11—-10 0.53
EYNL] 7 10—>12 0.23 2. 70 1%
Jy 1 1013 0.23
1014 0. 26
10—15 0.21
8—>10 0. 32
11—-10 0.23
8—>9 0. 14
AR 7 1012 0.23 1.61 1k
10—13 0.23
10—14 0.23
10—15 0.23
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WM B3 1 & 43005 55 4 51 R I B 1 & AR i
ZRIE 5 58 5 F N IT R PR s 7 A i 9 I A B A
SIRIE OCplas 55 6 5174 3 BlAS [R) 19 50k o 2230 AT
FIVR B Horp SR T Briand 38 4% 50 o I B 1 B 75
5 TR ARSI BTN BR Y 7 2% 3.

K5 % B ] %

1 AntClasslLoader 14 NoBannerlogger
2 BuildEvent 15 PathTokenizer
3 BuildException 16 Project
4 BuildListener 17 ProjectComponent
5 BuildLogger 18 ProjectHelper
6 DefaultlLogger 19 RuntimeConfigurable
7 DemuxOutputStream 20 Target
8 DirectoryScanner 21 Task
9 FileScanner 22 TaskAdapter

10 IntrospectionHelper 23 TaskContainer

11 Launcher 24 UnknownElement

12 Location 25 XmlLogger

13 Main

*£7 SCC{2,4,10,16,17,18,19,20,21,22,23,24) A& ihpy CM &

K5 2 4 10 16 17 18 19 20 21 22 23 24
2 0.1.0.0 0.1.1.0 0.2.1.0
4 0.3.0.6
10 0.3.2.0 0.0.0.1 0.0.0.1
16 0.5.0.6 0.7.0.7 0.1.0.1 0.5.0.4 0.1.0.1
17 0.2.0.2
18 0.6.1.12 0.14.1.3 0.4.0.3 0.5.3.0 0.6.0.0 0.1.1.0 0.1.0.0 0.2.0.0
19 0.1.0.2 0.3.0.10
20 0.5.2.7 0.1.1.3 0.2.0.1 0.1.1.2
21 0.4.0.6 0.2.0.1 0.0.2.0
22 0.1.0.0
23 0.0.2.5
24 0.2.2.4 0.3.1.3 0.3.2.2 0.1.1.O  0.1.1.0
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9 16—4 0. 54 19 1822 0. 24 29 21—>19 0.13
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fii ] TOGOS T =T 1 5 i 1y s 2 fn 55 9
LB 1 RS 2 B 4y i R AL #L ) SCCi
()75 L B SCCi A 5 %5 3 51y SCCi Hh 40 5 1) 35
FEANEG 28 4 B O Ab 3 SCCi B r I B 19 321, e

J& » 51 F Abdurazik™ ¥4 X ANT #E47 43 #r . X B
AU SR AR 3CT7 5 SCHRLE8 vk 19 75 1 1 JiE it 45
RAEAT T HEL ANT R G R 451 19 Ak 10
JIr 7.

R9 ITHARBAILE

¥ IR SCCi LOREIUEZN 20 Ab B SCCi B BT I B 1 2
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9 SCC{16,22} 1 16—>22
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5 28

2 47 46
53 15,27.31,36

3 21 5.28.,49
8 21,5,28.49

1 14 21,5.28.,49,14
22 21,5,28,49,46,47

5 32 8.21.5,28,49,10,36,44,46
1 8.21.5.,28.49,17,32,10,36,44,46
2 8.21.5.28.,49,17,32,10,36,44,46
4 8.21,5,28,49, 32.,10,36,44,46
6 8.21,5,28,49, 32.,10,36,44,46
16 8.21,5,28,49, 32.10,36,44,46
18 8.21,5.28,49, 13,32,10,36,44,46
19 8.21,5.28,49, 32,10.36,44,46
23 8.21,5,28,49, 32.,10,36,44,46
25 8.21,5,28,49, 32.10,36,44,46

6 26 8.21,5,28,49, 32.10,36,44,46
29 8.21,5.28,49, 32,10.,36,44,46
34 8.21,5.28,49, 32,10.36,44,46
39 8.21,5,28,49, 32,10,36,44,46
40 8.21,5,28,49, 32.,10,36,44,46
43 8.21,5,28,49, 31,32,10,36,44,46
45 8.21.5,28,49, 32.10,36,44,46
48 8.21,5.28,49, 32,10.36,44,46
56 8.21,5,28,49, 32,10,36,44,46
58 8.21,5,28,49, 32.10,36,44,46
7 8.21.5,28.49,25,32,10,36,44,46
11 8.21.5.28.49,25,32,10,36,44,46
20 10,21,5,28.,49,25,8,32,36.,44,46
24 8,21,5,28.49,25,32,10,36.44,46

; 30 8,21,5.28.49,25,32,10,36 44,46
35 13,21,5.28,49,25,8,32,10,36,44,46
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54 8,21,5,28.,49,46,56,32,10,36 ,44
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57 8,21,5,28.49.,46,56,32,10,36,44




1072 it =N 2 i 2011 4E
(& F
F2 3R 5 I 2 0 5 T AR o g 2
37 7.8,21,5,28,49,25,32,10,36,44,46, 11,35,13
8 42 10,21,5,28,49.25,8,32,36,44,46,31,43,55,15,27,29,53
59 35,13,21,5,28,49,25,8,32.,10,36,44,46
61 55,8,21,5,28,49,10,15,25,32,36,44.46,27,29,43,31,53
9 51 7,8,21.5,28,49,25,32,10,36,44,46,9,11,13,15,20,22,47,31,33,35,37,39,55,27,29,43,53,59
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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. For
integration testing problem, testers need to find test se-
quences of classes in order to execute interactions. One major
problem of test order is the presence of cyclic dependency
calls. Many researchers have proposed techniques to solve
this problem by removing relationships to break cycles and
then create test stubs. If the orders of tested classes are dif-
ferent, the corresponding costs of stubbing are also different.
An appropriate test order for software testing can reduce test
cost. The overall complexity of stubbing is determined by the
accurate measurement of the complexity for each stub.

However, the current solutions lack an effective cou-
pling measure technique to estimate test stub complexity and
an effective algorithm to break cycles. Overall, in the exist-
ing coupling measure method of stubbing complexity, some
allow removing inheritance and aggregation to break cycles,
which lead to the increase of stubbing complexity; others
consider measure factors too much, which make the measure-
ment method too complicated. For cycles breaking problem,

there are mainly two solutions. One is to use genetic algo-
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rithm, which greatly complicate the process with many times
run; the other is graph-based method, which only need run
once.

The goal of this study is to design an optimal test order
with the minimum overall complexity of stubbing. This paper
presents an approach for inter-class integration test order de-
termination based on coupling measures. The technique com-
bines inter-class coupling measurement and graph-based heu-
ristic algorithm. It is proved that the method makes the over-
all stubbing complexity reduced obviously and improves the
test efficiency obviously. The main contribution of this work
is that implements the accurate measurement of the complexi-
ty of stubs; in addition, the approach can find the accurate
test order of classes with the minimum overall complexity of
stubbing.
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