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Abstract: There are some features in object-oriented software, such as classes, encapsulation, inheritance, and dynamic con-
nections. They make the division of object-oriented testing procedures and the choice of strategy different from traditional testing
ideas . According to the characteristics of object-oriented software, the paper adopts the methods based on models for testing software
and adds OCL(Object Constraints Language ) constraints for sequence diagram of UML( United Model Language ) design model and
tests interaction among classes. The paper proposes the algorithm for generating EG(Execution Graph)and transforms SD( Sequence
Diagram) to EG, and SD is constrainted by OCL for testing interaction among classes. In this algorithm, the testing problem for four
major combined fragments including alt, loop, opt, break in the new features, and their nesting among them and the polymorphism,
will be solved in sequence diagram of UML 2.0.In order to get the smallest complete test pathes, strategy for traversing EG and al-
gorithm for generating test paths are presented. Finally, the paper proposes algorithm for determining test scenarios by testing pathes,
deleting invalid scenarios by OCL constraints, and generating test cases. Experimental validation shows that our solution can test
software based on UML sequence diagram and OCL.
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EX 1 i (Method)

Method = ( method _ name, return _ type, visibility, pre_
condition, post_ condition, Parameter, JudgeMorphismM> , H
H , method _ name J& J7 ¥ 4% ; return _ type J& 77 15 B3R [B] 28
# ; visibility 42 77 125 (9 7] W 5 pre _ condition & 7 15 fR B
BAE, post _ condition B ERIG E 2 ; Parameter i&
SR A5 JudgeMorphismM 6 78 1% 1 Ik 19 2 S B
JudgeMorphismM = <isM0rphismM, morphism_ Id, morphism-
Father) .

Hrh, isMorphismM K78 J5 22 1 HAT Z 31, 4 is-
MorphismM = true, il morphism _ Id BZL 5T ENRFS,
morphismFather &% 2 245 77 % B A 563 ; 75 W, isMorphis-
mM = false, morphism _ Id = 0, morphismFather = NULL.

EX2 WHEM)

M, = <msg, Id, Method, fromObj, toObj, [/guard] Y, H
W msg_ Id 2 BT 5, ME—Hi bR IR — 250 B ; Method
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EX 3 iy & HIT(SDU;)

SDU; = (M, Comb) , Hetfr, M = M, My M, , &7 B
JPa . =, Mi(1<j< n) 2— 4514 .. Comb JE41 5 1 T
M2 A | Comb = {alt, loop, opt, break, NULL}, H e, Y4
Comb = NULL, 5 B} SDU “y it 577 .32 SDU™, 73 ],
SDU K445 i Beic  sbu™.

EX 4 JiityE (D)

SD = (SDU,0), H:#1, SDU = SDU,SDU,++-SDU, (1 < i
<n), BT EHBICTFH; 0 =10, 0y, 0, | =X %
4.

EX 5 Zongl(cr)

CT = {cls_ name, ParentCT, Attribute, OM, NOM, Invari-
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LIRS AR WAL R f, TN s, 00 R = {(f,
syl f.Pre>s.Pre AND s. Post> f. Post AND s. inv>> f.
invi, Horp, S P RORUAE TR R

EXT HITIE(EG)

EG=(V, X, qp, Final) & — DA [ &, Hp, v =
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— A5 45 Final J2& EG ME—2 1R 4.
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TS={TS,,TS,, -, TS, | LR HATIE EG o NI 455
J= qo PN LR 5 Final BIBERES, K, TS, = (N, en-
try,NextState>,/ﬁ\:':F',N= n<n, < <m(i=1,-,1),
7R EG ER I BT P51 s entry 3278 TS, $RAT R &
GBI BIRA ; NextState FR AT 58 TS, RGEHTAL i
;{jt?(lg[l].
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WME—AR TR 5 Input 2 I3 FH 5] 14 fh & 90 4R i A8 ; OutEx-
pect S T3t 25 SR 1S5 TS, S22 0 3 £51 % 1 03
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LB KK SD HH Y SDU; :
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Hix3 MWiXABIERMEE Generate_ TestCase

A PR AR TP

Bt RSB T

$B1 wthik. =B InputInfoArray N Vector( Pair
(String, String)) 28 B4, F £ i 391 W 90 463 o A\ 75 B
OuputInfoArray 4 Vector ( String) 28 %1, Fi] F 77 ikt 1 W i
5 75 B OperInfoArray “& Vector( String) 2884, F T 17 il i
B{5 B 7 B IDArray 24 Vector{ Integer) 25 %, F F 17 i
B ER AR A ME— BRI

FE2  XHEANEKAR TP, (TP, € TP)i [T TP,
AR R

XSHIUG g0, g0 T AIRI AR fil K B A GC A Input
M BIFAAT InputlnfoArray . Append ( makepair ( variable, con-
straints>) H

XfJE SRR BT R VL BT EDRE HEF RS
ERETC AR A B AR RN K7 5 TS, , RIEAAT Oper-
InfoArray . Append( V;. pre _ condition + V;. getMessage( ) . get-
Method() + V;. post_ conditio+ V;. c(1));

XS5 YT AL Final , K6 AR R 9 26 1 AR ZS 30 A0 Wy i
1 OutExpect H', B #4147 OutputInfoArray. Append ( Final.
GetDocument() ) ;

TER3 XNPE2HBANEN TR, LB Inputln-
foArray HrA% H variable DA K 254 293K constraints, £ FH1E
DN B 23 55 5

B4 XML 55, 45 T ME—4R iR ID
FHICA IDArray H, BT G B 7. 5k 280k

6 SKIGIZITFNSTAN

R T RSN TT L AT RS, BT T Test SE 41,
Ho Test SEAI T T B | Test 52461 it BT 45 1 9 25 12 1Kk [&]
SRR 1 2 s AR SO BT T 4 AR5 R
ATM-withdrawing moneym + ATM-par bank!"™ A SC 1 1)
Test SZf \BSGWBN'! | CBMS! ' 45 UML JIF 5% [ B A Sy
SEHRT G, Ry TG AR A S AR SO IR T ik 2 ] 52
A ISR R, A T 24 A T R e
6.1 HAERRLEHERELE

X H %45 ATM-withdrawing money . ATM-par bank | ] 1
(1) Test 554 \BSGWBN ,CBMS F. 4B RS20 & - B b 3
SEH . FHSCHRL8 ] SCHR[10] Hb iy J5 s FAS ST 86, 4331
XX A AL R G R B B, ge it s A B
JIT & BT S AR A LN SR 1 s

H13% 1 AT LR A SO 65 SCRR[8 17 ik A L, 348
JIT T loop 4 B R B i) A B, AH AN 23 19 R B30 35 1) B[]
SARIE M, T SCRR L8 175 3 AT X loop 41 B AR
i, ST R IUAR AR, AR T Ak A AR A
53CHRL 1013 BRAE loop FEI F BEIAAT 0.1 UK, SCHR[10]
ARSI L B AR T A AR ]

[Man |2 | [ | [« ] [ J[=]
1:m1()
2:m1() M3:m2(int n1)
(doop T [m<=30]

Ts Flag==true:
6:m4(char cs[]):

:return totalcs

E 8:m5_(_il;t_ t_o_t;l_cs)
4 9:m6()
1 lli:retum deta ilsl}?:'emm details]

______ 1]

t1s Flag==false!

|T.;§:m7(c]1ar L)
:5_ " totail 14:return detailsl_l
16:return details} Tt e%al b
e ===~ ]

[opt)is Tag==false]
17:m8()

[18:return details
9:return details? je—--------- |TZI

1
20:return details2------ I-
= SRRt -
bre: cs Percentage>90% |
21:m9() !
3:return details3| 22:m10(details1
_24:return detailﬂ%_rl(_m_-l?__g_af,s [ 22:m10(details1)
23irgtum details3 -=-=-{+--- : s
' _28:return d tails%g-(—ref‘??-(-]itﬂl.%t>2 6:m11(details1)
29:rgun detalpd ===
30:m120 31:m13Q
34:return 33:return 32:return
E1 TestSE Bl Bl
- Q
-pn:int
+ml(): float +mi3()
E F G H I

+ml(): float| | +m1(): float ||+ m1(): float *+mi30|[+m130

B2 #aREMRERE

R1 XS] Rk [10] AR A A S B H A EFSR

HE e 1 » ey
R HEITEISE |y mmon o 1B 0 4 0 BB 2 4
(8 NIRRT
B SCHRLS] ek 10] AR3L
ATM-withdraw-
, 3 =3 3 3
ing money
ATM-par bank 5 8 8 5
Test S 8 >8 8 8
CBMS 186 =150 150 150
BSGWBN 273 =226 226 226

SCHRL 8 IR IR 240 7 Fr B J7 36 X A 45 Btk
FrAC B, SCRRL10 2R 0 “PAT A= " O BE & O 4L i B
BEAT T RS IIHT . WA SC S SCRR 10 T3 2 i 415 A B
AR ROEA AN AT, SR AR SCT7 86 AN URT DA o 21 45
Fr BRI SR B AR TR T LT R T I A A O



1246 H +

EE ' 2013 4F

HRBRA LK.
6.2 B ELERLE
ZAJRTH N G 1) — A H R, A SO 28 1MF
BRIMEPITE EG H, i BEHEFT 1 DA X 58 423X
HH YR E ATM-withdrawing money , ATM-par bank . €] 1 f¥) Test
S5 \BSGWBN . CBMS i/ M& L Sy 151 i 22 285 4k 3L 592 56 73
Fr. B 3. &1 4 &1 5 73 5124 FSML LTS, SDG 5 4 3C EG K
R H AR LS O

withdr-| ATM- [ Test | CB | BSG
awing| Par | sgf | MS [ WBN

* SCHBR[SIFSM T i | 5 10 18 [ 165 | 247
= SCHR[9IL TS A3k 9 16 24 | 214 | 320
- SCRR[101SDGT A% 6 12 12 | 368 | 549
A CEGT R 6 13 | 21 | 591 | 866

El3 FSM. SDG. LTSFIEGY A%

1200
1000f
800}
600
400}
200
o —m » o
ATM- | A TM-
withdr-] par Test | CB BSG
awing | pani | FH1 | MS [WBN
money
—— CHR[8IFSMiJ 3 6 14 28 | 257 | 384
= U HR[9ILTSiL %k 11 20 28 | 250 | 373
—A- CER[10]SDGIL % 7 16 18 | 552 | 824
—— A LEGIEK 7 16 | 32 | 901 |1320

El4 FSM. SDG. LTSHIEGIZ¥

2500
2000
1500
1000

5001

o—# =

ATM-

withdr- A;r' Test GB | BSG

awing 91 | MS | WBN

money bank
—- SCHR[SIFSMIs/bik#2 % | 3 8 30 276 | 412
.- SCER[9TL TSIt/ 2 50 7 12 72 644 | 961
—A- SCHR[10]SDG % 4% 3 3 8 9 276 | 412
— A CEGH 5 3 5 48 | 1352 | 1980

El5 FSM. SDG. LTSHIEGEZH

HITE 3 18 4 W0, l A SO 22505 BT 1AL
A5 42 0BG BT S AR, LSR8 ~ 101 A
(AL R HE RSN, IR RS DR T B30 A a5 (W] S A B2 L T LTS
AL BG 2%, BT LA, LTS H 13 75 220 Z 1 8 A7
fift ZEF W o T B IR 5C A W A 2D 3R BG TRt il sk
R — FESI AR b LG SCHR (9] 75 12 faf 5

H 5 T 1, £ ATM-withdrawing money ., ATM-par

bank H, AR SCH R AR BUN T 25T 05 4 =Ry ik R R
ARSI AR RO AT A AR T o ) A B /N 8 A 4
FEE 11 Test SEf o, A SCEE AR B2 F3CHk (8,10, /&
PR R A SO0 22 5 AT AL R, 5 35 5 R LA B A
Xof 22 25 BR AR 1) HE B ANCH BT 7 S | R S 2 AR R
B AL, I R L AR h A — AR 2 A AR
SR T AR E] 2 [R] MG AR SCER AR B0 T R
(9], J& P Ry A= S H ] — 3 J2, B B0 — ¥, 1 SCHk [9 ] 1
B, P2 T I B IUAY, 78 BSGWBN  CBMS H, 7 SC %
R T 535 =Fh g5 i, 2 B oy SCHik (8,9 | AN fig Ak #L4H
AR BE SCHR[10] A REAL ] 22 25 1, 76 BB 45 K (R FE I
WAL T AR SO T AL A R BE RN 2 S AL B AR
e
6.3 EHZELEHERERLE

X BEHUE 1Y Test 5241 . CBMS . BSGWBN = /™It
J PR TR Ay 491 i 22 25 A X Eb S 56 4347

SCHRL 11 BRI 46 9 PCIRCFG [ 316 2 545
JHFIAE PCIRCFG 1, PCIRCFG H 4545 5 — N &
RCFG, 15 55 [A] A 31 3R sRARI 1 5C &, STk 11 X 228
F R AL B, AR 2 i B AE AL FE Y 5 RCFG W, 7E [H]
GAMER X Tl 22 25 40 B 1% 1y IsF i) A2 2% JBE A AR S
R RSN 2R 2 AR B AR ST EG T AR
B AR 11 ]2 1A & A AR A . 3 IR Ol Sk
[ FFARREXTALA R BEE AT A B, PR e & T A 7 4 ik

JEATEEN.

# 2 X#k[11]PCIRCFG 573 EG ByXFtE

SCHRL1L] AL

BRI 2

AR R | BEARE | AR R | BREK
Test S 39 44 31 21 32 48
CBMS 1093 1231 873 591 901 1352
BSGWBN | 1602 1804 1278 866 1320 1980

6.4 MWiXABIKBERMELR

AR SCHIT A 24 ] 52 0 3 X AE B S
& . DL ATM-withdrawing money . ATM-par bank , Test 5 51 F1
CBMS i, Bl 6 ~ 8 2 SCHR[ 10 ] 5 4 SO H B %k
H ARSI R A B DRAS I S LA B0 3 LA 1 HY Test

1600
14001
12001
1000
800
600
400 /
200

TAT™- Tan

- |ATM-par| Test

withdrawi bt | 2% | CBMS

ng money
—— SCHR[ 1073034 FH 41 3 8 9 | 276
—— 2 3O ) 8 3 5 48 | 1352

Ele 3CHR[10]5 A SRR B4
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SEA5] . CBMS, BSGWBN i 5], &1 9 &1 10, &l 11 h SCHR
(12 J 52 SOl i 610 50 E ARG 00 5 5 R 1 A T 8
XF EG AR O

25

20
15

m%%%ﬁ

o o

ATM-
withdrawin-{* TM-Pat ;l;est ICBMS
g money bank *M
" ABHREO 3 5 7|23
= R0 AR B © 3 4 4| 14
ESTRIER S 3 4 7| 19

B7 CHR[10]5 AR I4E R
120%

100%-
80%[
60%[

40%[-
20%[-

ATM-
withdrawi{ ATM-par| Test | cppig
ng money| bank | 8

—— SCER[101 Al [ 100% 90% |57% | 61%

- R SCHHR R R 100% | 90% [100%| 82%

B8 3CHR[10]5 A ST R U

i &l 6 Al A1, 7E ATM-withdrawing money, ATM-par
bank Hv, ASCIN I 1800/ T 45 T SCER10], 52 R o A
SO BRARRAT G R AR AL SV U 14 e/ 52 45 B 5 TE Test
S5 CBMS H, AR SO 3 180K T 3CHk 0101, 22 B
AR ZASHATAE PR, J5 B BA W HAL 3 i #7181 8
SriTAS 3, T ATM-withdrawing money X 42 T J& 2544 AN
BB IFH R EHE R B loop 5 opt, BUCHA[10]5
AR SO REAR ST RS2 A A RO B 1% 5 H1 T ATM-par bank
NG 2B G A E par AT A BORAS 305 SCHR
CIOJFF AN REAL B A9 , 48 DR AGHIN 34T Fi T .t T Test
S B & A 2 35 B UL E Toop . opt . alt, break, T SCHk
L10]FFASRE X 22 25 AT I, A ST At 5 A T 30 45
157 ;CBMS H %5 5 neg. assert 55 UML2.0 55 1E Fl £ 515
B BORSCR I AR R AN 58 4 1 (H RS DA T 38 8 T

2500

2000

1500

1000

500

0 Test3:4] | CBMS |BSGWBN
— SCHRL TSR B 5 31 873 1278
= SO 8 48 1352 1980
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