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Abstract  Class integration testing is an important part in object-oriented software testing, and it
is a key and difficult problem to determine the class integration test order of class cluster in
integration testing. Reasonable class integration test order can reduce the overall complexity of test
stub, and reduce test cost. A class integration test order determination method based on particle
swarm optimization algorithm is proposed. First, all possible classes test orders are generated
through permutation and combination, and each class test order is taken as a particle and is
mapped to one dimensional space, and then each position in dimensional space represents a
integration test order; Then, we calculate the velocity and position of each particle according to
fitness function, and then choose the optimal position and the optimal fitness of the particles by
particle swarm optimization algorithm, and obtain the optimal particle; Finally, according to the
mapping relationship, we get the test order that the optimal particle is corresponding to, which is

the optimal test order. The optimal test order makes the minimum overall complexity of test stub
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and the minimum test cost. The experimental results show that the proposed approach takes a

lower test stub cost for solving the class test order problem, which is more effective.
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5. class=list_citos.get(1) ;

6 index=list_classes.getIndex(class) ;

7 position= position+index * (n—i—1);

8. ENDFOR

9. END
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4. index= position/(n—1) | ;

5 class=list_classes.get(index) ;
6. add class to list_cito;

7 remove class from list_classes;
8. position= position % (n—1i);

9. ENDFOR

10. class=list_classes.get(0) ;

11. add class to list_citos;

12. END
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1. public class Hospital {

2. Doctor physician, surgeon;

3. public Hospital() {

4 physician=new Doctor(this) ;
5. surgeon=new Doctor(this) ;

6. }

7. void acceptPatient(Patient patient) {
8. if (patient.isPhysical())

9. physician.addPatient(patient) ;

10. if (patient.isSurgical())
11. surgeon.addPatient(patient) ;
12. 1}

13. public class Doctor {

14. Hospital hospital;

15. Set<CPatient>patients;

16. public Doctor(Hospital hospital) {
17.  hospital=hospital;

18.  patients=new Set<_>();

19. }

20. void addPatient(Patient patient) {
21.  patients.add(patient) ;

22,0}

23. public class Patient {

24. bool b_physical, b_surgical;
25. public Patient(bool b_p, bool b_s) {
26.  b_physical=b_p;

27.  b_surgical=b_s;

28. )

29. boolean isPhysical() {

30. return b_physical;

31}

32. boolean isSurgical() {

33. return b_surgical;

34. )}
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®3 BNMRFHARR
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REOREC yow o mam om0 % % A%
ATM 21 39 9 15 4 30 1390
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JBoss® 133 431 216 41 164 — 13710
JHotDraw® 411 3236 3974 457 287 — 117157
MyBatis® 428 1917 1755 338 183 — 25687

7 . http: //www. jboss. org/jbossas/downloads. html— subsystem
used: management of JBoss (version 6.0.0M5): is a Java
application server

> http://sourceforge. net/projects/jhotdraw/ — package used:
org. jhotdraw. draw of JHotDraw (version 7. 5. 1) ; framework
for the creation of drawing editors

¢ http: //code. google. com/p/mybatis/downloads/list: data mapper
framework that makes easier the use a relational database with
0O application (version 3. 0. 2)
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[i] i«

(D5 D F#E.GA LA LM ik
RIA J5 g L 4% SC 5 35 02 5 AT DA 4R 300 3 AR e 5
N 28 B I i 91 2

()5 GA Jrik A Jrds M Jr ik f1 RIA J7 ik
o FEAR E] 2540 ClnAoie i 36 AR B0 A 307
p7Ap e D S/ | I £ [ B Y W S 7o
J¥- 51 7

(35 D FE.GA Jrik A 7k M J5 ik #l
RIA J7 i G AR SCT5 36 0 J7 13 58 4 B g 1 B 4%

JE A AR
4.3 XHSHRE

KL HE G A 535 5 25 1O 46 R Y AL
YKL T ) IDCIEL S R W W 553X 28 2 0k
AT, Hovh 0 f Al 1) S5 m L 1 B RS B
fifk 4 DR A T BE A8 3k Y0 [ AR B R A . ARG
TR Ao O 2 Y X 3 L B R ERCPE Al A ]
Briand % A" H8 w0 e FORE (9 BLBEZE 25 3] 100 Z
[F1) . HL 2 X 5 T 000 1 5 125 3R 2 4R i 3 1 41 1Y
[i) J80 s S — 7 B 1) 4] ek T AR R D IE A 18 22 A 1
VER A S 0%, W0 0 Rl A 0 L ASE — iR 2 2 B i 1Y
2 53 3 4%, DB 5E 0 G Ml RE A MR 100, kL T
FEDC AL Bk oKL 1Y 40 0 3 3 R B AL B Y 5 7 R
TR BB AL E Y R A PR 75 5 B R A i kLT
Tk iz gl B2 A 18 L 25 5 B AR R B G i TR G, A S
KL B RE ) B S B [0wn /], o S 5
ARG R

SR R 3 00 1 530 3% i DR 28 4R i 3y 37 1)
UL SEE SRR B S o e E Y. 45 Briand 4%
NPV R S 8 A SRR 1 O T A SRR 2 4 L i
J 5 I 19 2 8 OO, FRATTER XS I A8 A 0 S 6 %o
FIBER AR B8 AR B S8 X TR 5 RS,
IR A REBLE DY 1005 X5 T JBoss R 48, 4] 4 B A X
B R 300; % F JHotDraw il MyBatis &4t . #) 15 F
REBL Sy 1000, AR Z 8088 103k 5 Pk,

x5 SHRE

I bR R AR AL Wa W T (S P
100 500 0.5 0.5 [0.n!/n]
300 500 0.5 0.5 [0.n!/n]

1000 500 0.5 0.5 [0,n!/n]

4.4 KBWHERRKSTW

H T8 AL B s BB AL 3% A vk UKL T RE AL AL 5
SR A R BEAILPE L S50 vh FR AT R A BRAT R 30 K.

(L) M E A A%

BT 4.2 WA RS 1 H S X SR
PO T AR SCT5 1 A0 B T 1 AR A 2R A G 3 41
R AT A A B R I S IR A5 SR AR 6 FIIE 4 PR,
Horp 3R 6 1951 2~51 6 705l 45 10 D 7 ik JGA J7ik
A TR M U5 RIA J5 i A K PSO J5 518 ATM.,
ANT, SPM, BCEL, DNS, JBoss, JHotDraw #l
MyBatis j% 8 A~ F 48 b 1 & 4 i i 3 1) B I a8k
R B RERH 1T RPUTE L 30 K
T A 10 52 2% B2 1 e /DM 2 e RABL VB L 55 2 A7 2
30 YCHIM e A2 2% B~ B . [ 4 B Al 7 B
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SzE X4, Bl ATM , ANT,SPM, BCEL,DNS, JBoss. MyBatis RG A5 D kit fr s, JRER A LT
JHotDraw fl MyBatis X 8 &%, 7z~ D Iy Wi s B0 D O e AR R 2 SR A AT A
HVGA ik A Ji ik M J5 ik (RIA J7 ik DL & PSO TME ) EL AR B A NS e P 8 B TR B R LA
Ty B AT B 1 30 YR T A5 Y I 5 A AR 4 R T 45 Tl 249 o025 Pl A 3ok 26 [ RS FU AR IR HE 0T L
YI{A. D Ty 45 B 14 fif AR R A A9 5 LU X TR AR &R

501 5 ARG M J&, JBoss, JHotDraw F g K Tk B A — e i & et ME LI SE .
z6 MAEESRE

Systems D GA(WA=Wn—=0.5) AWA=1) MWy =1 RIA PSO

ey [2.68~4. 18] [2.50~6.30] [2.46~5.92] [L71~3.71] [2. 17~11.71] [2.17~3.60]
3. 44 3.71 3. 81 2. 49 6.03 2. 49

ANT [3.97~6.42] [2.43~5.00] [1.65—4.19] [2.00~3.86] [2.44~13.23] [1.78~2.31]
) 4.63 3. 46 2. 74 2.70 6.75 2.13

o [5.82~9.02] [3.45~6.59] [2.57~6.71] [3.00~6.13] [3.63~13.16] [2.45~3.34]
6. 42 5.03 1. 72 1.36 8.07 2.90

Sl [8.59~10. 28] [10.31~14. 84] [2.00~5.90]  [12.00~16.43]  [10.10~26.22]  [4.88~10.22]
o 9.22 12. 33 3.75 14. 70 17. 82 7.30

s [1.47~1.99] [6.44~13.32] [1.08~13.92] [1.10~9. 10] [5.15~40.31] [6.27~8.72]
1.73 9. 94 9.16 6.72 21. 56 7.11

Lo - [42. 91~45. 88] [24.04~24.36]  [39.95~44.30]  [46.32~60.41]  [42. 48~43.63]
Jboss - 43.99 26. 4 41.53 56. 02 42.92

Hoth - [80. 34~92. 73] [85.71~093.24]  [93.64~97.57]  [62.94~125.22] [8L. 73~84. 36]

JHotDraw - 85. 63 90. 48 96. 68 98. 36 82. 74

MoBatie - [79. 18~86. 36] [83.15~85.17]  [85.56~88.83]  [70.12~104.72] [71.02~72.25]

ybatis — 81. 76 86. 49 88. 57 90. 23 71. 91
120 = A% - PSO T Az L 1 25 48 1 i 18 )5 3 Bt A€ 2% i )
100} ° GAWA=Wy=05) TR A2 2% B URAG 1 RIA 7 vk A i %) 248 i) i

s A(W,=1)
e M(Wy=1)

B4 HRAAE B 2% B X LA

2 6 ME 4T LUEH TS MR%. A
DNS F g & ] D J7 i A B 26 48 sl 3 7 31 i 46
B B IR AT A 2% BEAR T PSO J7 ¥ B A2 i 0 28 4 ik
D 9] BT A6 9% 1 ik A2 % 32, i 2 B T DNS &
G 61 MRV EKZ HREMNH 16 A5 H
A EXE LT D 7k F PSO J5 3 5 RS . BR
D B oy AT SCCs 43 A8 T B 45 IR B AT 38 B
T Dk XFEOLT B TR M 5 PSO J5
B EHAE M. WX TF ATM.ANT 1 SPM iX 3 4~
ARG, 5 DIrEM GA Jrik A Jrik M J7EM
PSO Jy 2 i 4 B0 26 48 180 12 5 4] e 4 21 1 ) X
WE A2 % BE e AR RIA 5 v 2B B 288 4 1l 305 471 o
A6 B 0y A &2 % BE A . X T BCEL R48. A 5
125 i A 8 28 4R I K 47 I A6 9 1 i A O

B I A8 B 114 0 1A A A BEE e e

HiZ< 6 A 4 vl UA X F S 3 ARG
) JBoss REEARUE A T 15 A Y 38 4 0 3 41
JITAE 2 i I 52 2% B A AIK » ML T 3k AR R 8 4 A
I3 7 92 B A B 60 Db A2 2% B AT, PSO Uy i 4R
J R 2R B s 3K 51 BT AR B B A A 2% B A T
GA Jy ¥ A U 28 82 I e 51 BT A8 9% 19 3 A 52
Z B RIA J5 2R Y 28 4 il 38 Dy 123 Fie 48 2t 14
R 2 i . W T JHotDraw fl MyBatis &£%; ,
PSO J5 i Az 1LY 2 4 i X 471 e 4E 2% 7y ) 3 A

AR RAR L GA Jr ik VA J5 vk WM OJT AR L 2R 4R

S 3 3 i 48 2 i S A2 A% B UKL T RIA 5
T2 AR Y 2 A I 3R 1) T A B i I A2 2
R

AR B3R Bk & L PSO J5 i 4= i 2K 4R
JSCI R 51 e 46 9 0 0 12Xk A 2 B AR T I 4B
A L.

@) JRIEE A E

AER 3 25 L 8 PSO 5 3k R H e 05 35 R
AR 1 9 BT A 2% 1Y i 1 Ak IR SRR A
k7R, Hp R 7T H 2~51 6 73 il 45 1 Dy
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Systems D GA(W A=Wy =0.5) AW =1) M(Wy=1) RIA PSO
ATM [39~67] [32~90] [32~77] [34~90] [30~188] [30~51]
ANT [152~274] [57~127] [51~130] [75~293] [53~460] [36~57]
SPM [146~232] [60~136] [54~141] [59~205] [75~310] [45~71]
BCEL [101~143] [64~168] [40~118] [58~231] [54~330] [51~119]
DNS [19~28] [64~169] [49~167] [64~304] [62~556] [53~103]
JBoss — [1140~1206] [1130~1145] [1140~1199] [1130~1213] [1130~1138]

JHotDraw — [7606~8142] [7448~7825] [7936~8217] [5295~10260] [6675~7238]
MyBatis — [4589~4713] [4437~4690] [4908~5102] [3993~5922] [4125~4199]

2GA Tk VA 5 M J5 i RIA Jr ik LA & PSO
J e ATM, ANT, SPM, BCEL 1 DNS. JBoss.
JHotDraw F1 MyBatis iX 8 4~ & 4t 1ty 28 4 sl ik 1y
5 1) I M 5 A4

h# 7 ] LLE W, X F ATM, ANT, SPM #1
BCEL Z 4t . #HXF T H & 1% 28 4 s il )3 51 26 By
12, PSO J5 ik Az 1 2 46 iUl 1 51 1 i Mk 52 % 2
AR T T B ALk 0 BE AL RIA J7 36 A2 iU
AR I 2 1 JE M A 2 R 1Y Y R OK L GA
535 A J5 R M5 iR AR R 2 AR BT 5 1 )
PR EE AR T D Jy v A iU 28 B L i 51 1
J& 52 IR

{2 X T DNS R 48, D J5 ik A B 28 48 i) it
J7 9 ) & PR 52 2% i B A1, X R AE S B T DNS R4 7
A5 A B 2 TR B AN B D 3E T D
J5 3%, PSO J7 42 i 25 48 BN )5 9 1) )i v 01
BEURAG S 17 RTA J5 75 A i 00 2 4 il ik 1y 47 e 4E 5%

() J8 M A2 2R JiE Fc g B PSO Jy vk AE R A 288 4 A 3
AR R E R AT GA Fik A Fik. M ik
A RIA J7 24 i 28 8 0 1 e 51 1) Jas 1 52 4

M 78 LRI, X T JBoss,JHotDraw Fil
MyBatis i% 3 PR 5. 5 HE I EM K, PSO J5 kB
A G 2 AR I 4) i A 9 1 T8 P O 2 B A AR
M GA J7ik (A Jrik M kLT RIA Jrik.

SVASKRFE L PSO Jy ik A i 28 8 iy 91 A
AR Ja M 2 2% B IR B AR 2 AR A0 ).

(3) ki IR

AR 43 oA AR SO 1 L T vk A 2R A
T A 1) 07 18 5 7% B i IR S22 R 3k 8 s, H
R 8 M 2~%1 6 s Hl4hth D ik GA rik A
i M J7 % RIA J7 % UL ) PSO J5 ik fE ATM,
ANT, SPM, BCEL #1 DNS, JBoss, JHotDraw #
MyBatis X 8 4~ F 4t 1 (2 48 B i 7 41 19 Oy 12 52

AR,

R8 FAHEERE

Systems D GAW 4 =Wy=0.5) AW =1) M(Wy=1) RIA PSO
ATM [13~19] [14~31] [13~31] [12~26] [11~46] [11~18]
ANT [19~32] [33~80] [30~76] [28~54] [23~116] [26~37]
SPM [27~47] [23~52] [25~59] [24~49] [25~80] [18~25]
BCEL [70~87] [93~130] [91~167] [84~115] [96~221] [30~83]
DNS 11 [48~110] [59~117] [41~091] [35~234] [43~71]
JBoss — [800~876] [884~1117] [810~881] [768~1104] [791~823]

JHotDraw — [7809~8476] [8337~8976] [7015~8373] [4727~10682] [6321~6782]

MyBatis — [2380~2876] [2593~3176] [1726~2476] [1913~3087] [1578~1830]

2 8 W LIAEH . X T ATM,SPM #1 BCEL %
. 5 HE M A L PSO T 3k A ARG 285 4
T 50 1 5 12 58 4% BE e AR D Oy ik 2R B 28 4R B
RIT I Ik 8 2R FE AR, GA J7ik A Jiik M 5
A B 2 48 B 3y 9 G vk 2% EE IS AR T
RIA J7 84 )8 28 8 0 il 1y 9 ) Oy 25 52 2% 2.

2 8 i A LLFE Hi . Xt F JBoss,JHotDraw #
MyBatis 1% 3 £ 5t . PSO J7 ¥ A % 89 25 4 il I 3,
FEON 0 7 2 R BE B AR T GA 5 VA ik My
A R 2 A R K A Y 7 1 O % FE AR T

RIA J7 ¥ A J800 28 5 G 2l PP 91 19 5 vk S 2% B

R SV Sk B PSO 5 2 28 B 288 42 B i
79 BAR B I vk 52 2 BE I I A8 2% AR /.

(4) SEBRIB AT ]

R T RVE TR R C2) S B X AN R 7 ik et B AT
AT — T 1 i A8 B (%) 55 bR 3z A7 Rl Oy T3k
U Ry MERR 1 ) ] 7 GenCITO & &8 b AH I AL
S System. current TimeMillis () J7 1 3 BURR P 18
A7 MR Az RS DG 5 91 i 25 AT B B R A R 9
S Fros. Hop, &5 [ 1 il 278 55 55 %F 42, BP
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ATM., ANT. SPM. BCEL. DNS. JBoss. JHotDraw
1 MyBatis iX 8 I~ R4, Yl Fx GA ik A Jr
2 M 53 RIA A& PSO 3k 4 Pt — ICF

5T A6 2% 0 SE Bz 47 B [A].
ST ERAE 2 55 Windows 8, CPU K48 i5 XL
# (2.6 GHz) . F N7 4 GB.

x99 BITHEE (AL ms)
Systems Time(GA) Time(A) Time(M) Time (RIA) Time(PSO)
ATM 3003 2579 2826 6.93 5445
ANT 6968 7945 5486 8.27 7991
SPM 3182 2596 2385 2. 87 6026
BCEL 82546 55318 57226 96. 23 18700
DNS 118191 121923 117914 145. 17 10642
JBoss 4749491 4968435 4857692 4580. 90 61457
JHotDraw 714134094 794767982 684568791 252143. 00 561936
MyBatis 510072671 485789893 469898214 317725.33 359067
10° 3 B ALY 2 4R I Y 41
108 o Time(GA) e vt R . R .
Lo o Time(A) MW, 5Dk .GA Tk ATk M
‘ne Time
10° N?ime&{{sl(/)*)) Ji kA RIA J7 kAR LG A SCT7 4 Al LA — 7 2 3 4k 5]
_||= Time N
5 ~ N 3 N SNSRI
1o e RS2 7 8 A ST 91
M e A I S i
10°H BT E T E A E A E E K
O I TS N 5 HXIE
tor A HIESE [IELE [TEN I | A i
LN LN LIPS IS LN DN AL TN
ATM ANT SPM BCEL DNS JBossJHotDraw MyBatis

K 5

o1 S8 T EE AT LU AR Rt 2 I 5 Y
I [ i 5 28 RUAE 1) 2% A T 722 4. it 2 15 T 2R 8 A
(AN T 38 K o I TR) 2 3 B T 33X T2 A R
RERMEFI X%, i 5K 8EE
BMRKFR. SR LLE S X T A R R 4,
RIA J5 iz 47 i [8] 5 A, 3¢ Bt B S 1) e (] G 4.
XFTH/NA R R SE . I ATMLANT #1 SPM &
48, PSO JrikWis | e GA 73k A 5k M Jr
BB AT I A, TR B MU & 48, an BCEL
DNS.JBoss.JHotDraw #l MyBatis &%, PSO J5
(E T B GA ik A ik M ik (38 17 I
[ . PR U, PSO J5 325 %8 MRS 88K Y 3R 1 R G2 e 6
7R I AT I 1] 7 T ) PG

BT v A S I K e o B L BE 4.2 R
(4 3 AN S ) A s 1 2 B R

B, 5Dk GA ik A JrE M
Ji kA RIA J7 AR LG AR SCT7 6 AT LA — 78 2 % 4k 2]
0 AT A A B /0N 10 2 4R 1) 3K 47

B R (2. 78 D ik GA Jrik A ik M
Ji kA RIA J5 2 X B8 B A7 J5 ik v RTA J7 0] DL
PRl 3 2 f A0 28 A I 9. % T AR R &
Giok v, 5 GA J5ik A Jr M M J5iEAE L FEAH [R]
FAFT AR LR AUED A ST VR AT DL B R

B AT I E] X L P

Xif - 2B I Ak A7) 4 S T A, G 3 A o
Ty R TR L ME TR T LXMW
K%K
5.1 ETFHEHAE
ST B g e gy b DL R R Z R 6 R
FAX 2% 2 B CORD) SR AR 5] (TDG) >k 3R
AR RN 3 0 A T A A T KA ) L e Y e

(19 HE 1] .
5.1.1 de /MBI AAE ) Ko

Kung 5 A fg 542 28003805 91 1 o % 7
. AT H AR T AT AR AR PR L ) L
A i) 4 N HE T A 2 I A Al AT 2R A R
B R — A RO R, L. o TIHERIF
e S L8 A 4 2 L AT e 1R 1 I L AT G B

Tai FI Daniels™ R B4k 7R & R FIR G KR AL
R A RIR R R 28 MR, 1205 24 26 R 73 e
RGO - R — DR ERR K RBR B KR,
UUPRE 226 K 23 2 o 200 1 28 o s n 2R — A2 AP A
FRIRI AR S IR 22240 73 FIIRG 1 2 o SR ARG
Z UL R GO 2 v BE AT R L B8RO G 2R P )
— AP T — I AUE C B IR R A S H
R A BE A D L ASU{EL B R 2R 1 S B B L T
BUE R I 21 7] RE-5 243047 5%, M AT i I 3k e 571
SPECRMERE X R RE R 3 MR RN 2 A )E
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W ARAR R R MBI RAL T — DRI RIEE R 4L
T E U B TR W O O R B IE U %
I 127 V5 5 B 365 A 0 8 0 A

Le Traon & AU R H T —F3E + TDG iRl
8 77 12 10 AT 4 I 4K 32 KR (AT e S N T 1 2
(] P 000 AR A G 2R AL B I T R R B Y RO T
— AL SR 5 I B A B KA B 35 s A B
Z B ORAETE I 8% O Ak %007 VR SR i i e A
R R 5 3% 0 1 TP Y 30 4 SR R I 1] 32 A
SCIL S A 2 Bl A U I 32T 1 3
AR . TDG w35 32 BT A7 ARG &R (4K
R VRGO WA B AT 8y T ik 1
FIHCH T RE TR T 20k 7R 0 2R 4R 55 s ARORE OC & L 3L
Fay 3t 52 24k R 0 S A

Briand & A" Tai #1 Daniels™ il Le Traon
SN G A BT — R B AU
TERT7 2 %07 I E RN R e TE LR AR Dy i
LA b AR ORI T — DAL A i ol —
o2 BYRUE R R ol BABE 59 5 02 19 B8 SR .
VY EREN GRS FNI PSRRI Sl L N S Y 2
WA 1k Briand 2 ANSUASHT B 4k R | 5 4 S B AR G
Z A .5 Tai #l Daniels™ 575 840 o 3% 5 0% %
HIAAE A T 55 5Ok 1.

Tai #l Danielst™ 1 J5 #:#l Le Traon 2 A" 1
T3 AR 2 P ol 4 3 Y R R B B A A ST BB B 1
A& B b5 fi Briand 45 A DU 3 57 00 £ 1
AL H Fr.

Hewett 55 N0 UML 26 Q1 g 1 TDG £ 4
MRAFASE AL, SR FH — > PRl 35 12 0 21 — A e 8 Ay
B W — By IO B B D, S5 ok Hewett 45
PR Y — ol 0 A AR T e R
B A7 I 2y R R RN WA g I R B O A N
A A H $o B — A de AR I 3K 471 52 58 36 B AT LA
A A A R e X AE R e AT 2 A
B M E W T A AR B ELE B, 5 Le
Traon 58 A" J5 5 A L, 0 35 W0 3 B 40 H 35 5
b T Hewett 48 M (1 J7 346 2% 58 /0 1 1 1] 87
L ALK iz T oR Y

Bl P VLG T 28 K 2 R T e IR XE Tai #
Daniels "/ 57 L) & Briand % A5 553 647 T
e ABATEE At UML 28 & @] /9 A 556 & K]
(WORD) {1 oy # B 2L 40 45 3 Fifr 3 1 Y 4 OC
FARR CIRE FOCIR. AT ] — > = S04 (FR AR
I ) ORISR E ) R A SCHEOC R AL .

TS e R B3 S I T i A BR A  CZHL R B
ML BE 2 3R O — AN IR L SR T2 T
P8 B 7 1 AT G B 28 TR ) B i 30 B 12 3 9 A I
PR AR 5 o 1) S IR L R F T A0

PEFATIT R, X F ORD w77 75 35 B (19 25 £ 8
W B (], H i 2 A AT AR A T b
5 L8 T [0 SR AR Y R R AROR R 235
TR IA AT LA ST 5 58T X S8V X 3T 8¢ 36 i
AR 0 51 648 W B T i S RO O &R M Bl 2
AR K 25K B B g% m 00 ) M B3k KL O A e T
P F il A A 3 0 A ) 8 H R T i i — T
(19 & £ B 120y 31 ) AL

ASCH PR 2 80 T e 1 i 0k U5 3k (Le
Traon 45 N 730 BR A 9 A0 ) 45002 78 §1 0 2 8%
IS5 AN R IR 00 7R 0 2R 4 4 i (RO OG &R L Tl R e i
OB I SR 52 585 R A O AR L A [l e R AT SR T A AN
BT EIE I T A SC S AT AR TAES Y A )
SRIETEFTREER B I L AN S0V I I 20k 7 A0 2R 4R 45 1R K
R T R AT B OGR4 S AR E R A Al R
AR SCR T AN 2 3 T e 19 053 - TRl I B A 2% & H
T Xof G R JY B 22 25 Al R A ] SE AL A5

SR > F1 T 440 3 A (7] 1y 00 3 1 1 0 2 AN ] 114
AR R IG5t 9 00 A 1 S e /b R B SR
W S — > R0 910 T A 28 1) s A A 52 2% JEE
AR A G T I0 aCAE B 8RR I 1 52 % T O E A8 o
i 3t 5 A ) A — IO X 2 R B PR AR SO
A 2R I 3 A e AR A A e 0 A A B s oA T
Jee B /N T A F 58 R 5 4% B A iy Al B A A
4 o o
5. 1.2 dr/MEIHE R SRS 2%

Abdurazik 8 N2 HR T — R TR KA 4
S PRACEAR . B 5 AR 2 B AR 5 B R T B A
32 A B2 2 BE S e A e I P J P A2
5 0 52 A BE 43 L A T i AL JHC o, ) T4 A
MR AR R DL R R Z B R & 5 = 2 a i R
ZRPE T I IR T DL B B0 B 0 B = A TR OR AT
P, 17 U T A T T R ) A AT 228
R B i 6 9% 14 8 A I 3 1y 52 % B e K.

FATAE LART TAE tp - 42 iy T — b T G
Y 2 ) A R 3 e 8 A A E 7 12k R 2R IR
J i 5 5 TR A Jn A U AN A & i 07k R
BT R R E B B R A B T AR
TR AR B AR 52 2% 2 AT BB /1N 9 4% 1 1 SR AT B3R
#. 15 Abdurazik 5 AU 7 R AT & T
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JiE 4 00 0 2 BE B 7 1 o R B e B P 0 R M A A
JERT R E A B e T AR . LR R,
R AT 5 B0 A B — A 2 4R B I T 41 T A
1) SR 2 B A T RRAIG 1 2 T AR

SRR H A3 T 0BT 5 7 2 DA R Y
A B S HCR E A 48 A5 o 2 DU 3 0 03 A R
R 52 2% B R D 6 b 1) 7 0 AR 85 20
5.2 ETHZIMAX

BT B 09 5 1 0 N R e D S AT R i &
(10 B B 114 J5C D00 f 53 0 9 B BRI . Briand 88 AU
6 H 3T IR0 1 B0k 0 B a2 3 T DR I A D T R
K ZAB B AT R AT 14 FF & A AR TH]. {H /& Briand
SN Ry A A KR IR 0 - AR R AR DG R
F FUMI R — AN BT AL 2% 09 BUAS AR OF HIROH 20 %
JE A T B2 A I ) AR R AR an 2 rh R
PB4 R RS S B T
T EE R i ok 5 48 R B PR B A X B IR K
Fb A2 PR A

N T SE X A BRI Briand 88 AR 4 R
37 31 1) 2 ) R S — A 22 B AR R A I e
5.2.1 /MBI £k B

Hanh 88 A\ BR TR 3 F B8 09 5005 0k 37
I R SR T AL S ORI B B0 e — A
AL M T 51 22 R 8 — AR — 21 S A R i
2 SR ) b T RE o 9% I 6 T 2 0Kk S B8O T g
INIX — Z AR R B R 5 3 2k 58 SR S A 0 Ak 45 A X
X H9) s b B R AT b B L I TR BB L A W R A
23 . e T T A 2 1 0 A 7 A PR
RV A AT R 1 35 7 B PR K

Borner % A" f5 ORD 1 S 4K i 52 2. v,
ORD H JEACHS A 2 . A 45 3 Bl M 56 2R « 4k IR L S 1k
ARAS . AATTIN S 7E AT 4 B 3 B 1 25 3 17
P I PR ADLAE BBk R 15 B8k R B — A I
R 11 2 4 B i 37

] P T L S O S — A R A R e R
EI(EWORD) 1E R (R i A Y. EWORD gy 8 A 5 61
HE AL 6 B ISR RO OC R L AR R CSEEE AL R
B RHRRE . AT T — AR A R R X
AR B S0 A 28 AL S AG TR A 9 2 2R L R
J i P AL 10 52 1 (RIAD 47 Bk 35 % 1254 v i 7
Foe /N ARSI g — S P T R A HDLEE Y SRR R
TH .
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Background

Class integration testing is an important part in object-
oriented software testing. For integration testing problem,
testers need to find test sequences of classes in order to
execute interactions, and it is a key and difficult problem to
determine the class integration test order of class cluster in
integration testing. Reasonable class integration test order
can reduce the overall complexity of test stub, and reduce
test cost.

One major problem of class integration test order is the
presence of cyclic dependency calls. Many researchers have
proposed techniques to solve this problem by removing
relationships to break cycle s and then create test stubs. If
the orders of tested classes are different, 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
algorithm to break cycles. Overall, in the existing method,
some allow removing inheritance and aggregation to break
cycles, which lead to the increase of stubbing complexity.
For cycles breaking problem, there are mainly two solutions.

One is graph-based method, which is difficult to achieve; the
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other is search-based algorithm, which is not very high for
efficiency. 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 determination based on particle swarm optimization
algorithm. The technique belongs to the search-based approach.
It combines inter-class coupling measurement and particle
swarm optimization algorithm. The experimental results
show that the particle swarm optimization algorithm takes a
lower test stub cost for solving the class test order problem.

The main contribution of this work is as follows: (1) A
class integration test order determination method based on
particle swarm optimization algorithm is proposed. (2) The
approaches that each test order is mapped to one dimensional
space, and the optimal particle is mapped to a class test order
are proposed.
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