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Comparison of Test Case Effectiveness Based on Dynamic Diagrams
Using Mutation Testing
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ABSTRACT

It is possible to indicate the complex design and execution of object-oriented program with dynamic UML diagram. This paper shows
the way how to make several test cases from sequence, state, and activity diagram among dynamic UML diagram. Three dynamic UML
diagrams ahout withdrawal work of ATM simulation program are drawn. Then different test cases are created from these diagrams using
previously described ways. To evaluate effectiveness of test cases, mutation testing is executed. Mutants are made from MuClipse plug-in
tool based on Eclipse which supports many traditional and class mutation operators. Finally we’ve got the result of mutation testing and
compare effectiveness of test cases, etc. Through this document, we've known some hints that how to choose the way of making test

cases.
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Test case #1

Input: Card = "Not ATM”

Output: Eject card

Test case #2

Input: Card = "ATM", Status = “Stolen”
Output: Eject card

Test case #3

Input: Card = "ATM", Status =
Output: Eject card

Test case #4

Input: Gard = “ATM, Stans = “Okay”, Accourt = “Opent”, PIN = “lrodlid”
Output: Message “Invalid PIN: Try Again”

Input: Card = “"ATM, Status = “Okay”, Account = “Open’”, PIN = “Imalid”
QOutput: Message “Invalid PIN: Try Again”

Input: Card = "ATM', Siatus = “Okay”, Acoount = “Open”, PIN = “Invalid”
Output: Message “Invalid PIN: Try Again”

I Gard = “ATM, Sats = "Gy, Aaand = “Cpen”. PIN = “Indid’, Try = <4>
QOutpur: Message “Invalid PIN: Try Later” Eject card

Test case #5

Input: Card = "ATM, Status = “Chay”, Account = “Open”, PIN = "Valid”
Output: Display “Hello”

“Okay”, Account = “Close”
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iWimport junic.framework.TescCase;[]

5

& public class TestCeseofSeqU4 extends TeatCase (
9 private BankSystem tmpbankays;

2 private String tmpid, tmpname, tmpbalance;
1

118 public void seclp()i{

12 topid = "rnrondi®:

3 tmpname = "hyucksu lee":

3 tmpbalance = *1000007;

s tmpbanksyas = new BankSyatem():

[

17 //ereate cuntamer

18 assertTrue(tmpbanksys.createCustomer {tupid, tmprane, tmpbalance));
15 Aileg on

o

assertTrue(tmpbankays. logOn(tmpid) ) ;
)

//log on state wheck: currenc ssate i log on

245 public void testMechod a4a7(){

25 String tmpwithdrawal = "10000%;

27 assertZquals (tmpbanksys.checkLoglu(l, tmpbanksys.withdravallioney(t
a )

39 //echecking validate ztate of withedtaval: vithdraval possible

1= public void testMerhod =8s10_1()!

b Fe String tmpwithdrawal = "10000";

13 long ltwpbalance = Long.parseloag(tmpbalance):

14 long lompwithdrawal = Long.parseloag{tmpuwithdcawal):

s boolean bvalide = false;

18 if | (ivmpbalance - lewpwithdrawal) >= O) bvalide = true:

37

1] assartIquale (bvalide, enpbanksys. logOn.geticcount () .checkValidazelWi

39 i

qi public void testMechod 28210 2()¢

(O2! 7) &=t Clo|| oA 2 A|UZI2E S8l MME
Mnit 2=

Activated

) e D D

[balance camount]

@
(T3 8) ATMS] o1& THHE mHE ME| C1o|o Y

INT - Initial state of ATM
@ NA - Not Activated

CL - Checking LogOn

LF - Checked LogOff

CW - Checking Validation of
@ Withdrawal

WD - Withdrawing

SA - Showing Account

w1

» @
)
(3% 9) (08 8)2 TFe= HZst 2

dacts g Fdze vias 7He] oAz 2@ FAYS
E3ht7] ufFoll A vliAse A WIE gE FY2
iz e §EtE onsir|xe .

(2% 8)Y A tolojaye (29 99 L TFG ¥
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[6]. 3.19] A5} & o2 A7|ME A8 Aw2 R 7} 7}
A =g HAE FHAo|2E At o|F oL (2¥ NA
H HAE AolA Yo REE JUnit ZES PA T

% &2 deuE thojojaPoz =4sEH (21
13 2t dubEel deulEl cholojagate] HolHE
e d|glujct dapy ol #E27E Dol EAFH glck fork-join

Test Case #1 Test Case #2 Test Case #3
withdrawalMoney withdrawal Money withdrawalMoney
{amount) (amount) famount)

checkLogOn( ). Logon checkLogOn();;Logon checkLogOn();;Logoaff

checkValidatewithmo checkValidatewithmo errorMessage()
ney(amount) ney(amount)
!ibalance>=amount  ;’balance<amount
withdraw(amount) getAmount()
getAmount()

(T2 10) 4lef ClojojTiollA 2 EHIAE HolA

(o)
B
c

L]
[Validate Withdrawal
&& LogOnl]

[‘validate Withdrawal
Pas &8 LogOff)

(328 11) ATMe| oI 2HEE EB8H HE|U|E| CIojoiO
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1 A—H 0
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4 A—-B—-C—E—-D—-F—-G—H X
5 A-B—-+C—-D,—+E—-F—-G—H 0

Yo A% Aol e
EAS o] Q3 o] Fo] d¥sE
7t A5 9 gt

(28 1D dEug telojafdy @& F A= F
Ao FE <E >F Zo] gl A7t "otk AT 2
F F M E BlA da@ e gol M AeuEs}
¥ deulE Hel NG A o]zl wEe] A e
HAE ZR2olAM A9 Ao AF 7@ HEE H2e 4
7HA7E S o] F Ad AW} 7HF 5L oAl WA
HAE F2E& ol &3A ke 5 299t YA JUnit =
E YJH2 §2E Hol2g 443U

A B = ofe) AR 7}
N E] = of HAZ O

42 -F,'—EilDIM HAE
H2E olfeA ZE Z2d dF FHEE A4
= QS‘H{L Ates <F 499 2ok ol A fFeeold A
Male HEH FHES A3 A% FHE n5E A9y
. AA4E FHEE F 2777 ol Z Felo)ld A4tz ¥,
e~ 2 Yk
o] % BankDisplay a2~ 28 el Eyje] &4
s ol A FHEES HELE 4 gigich o] Fg=

.ll'

o] Ule] #igsHs Feoz 5493 AN A
?i°1—1 E4& st 9 @3 Ul §%L JUnite 2 &
Adstzlol= FE7k A7) HEdl Felold HAY AY A3
ol M= FeAlZh

5. HAE #o0|A Hl=m &8 &=

41 HolM FE8 H2E leojxo FEYAE T4 A
A8 FHEE olf3 FrHold H2"EE AAG Ade
<% 5>¢} gt}

Frelold Hlay At el <E 5>F vHes 3
ttolojag ¥, 2zt S ¥ FYUE BY ¥ 9 #H
s WA FH dejojady ¥ @A dwnd
(2¥ 12)e] <E 5>¢ Haghe] 2= FAFHY gl
o] 19l tholoja@d ¥l ad= nge HIqME & &
?.l%"] zt7] 2 HZE Fo| 2o gt S @ HeHo

A dAFs 2 o7 gink F A 7R A7 Ao fAg
%*’r’s' o Fon & 4 gk d# Hizgezyx Hu
(3091%)9F HA(24.85%)2] Aol7b 5% Ake] a3} g
ng F3 dolojay WE d& Z7] fE HAE o)~
o] £ dlue A o7t A fE BAF & ot

cpoloj i) ¥ FHw 2 o7l YAXINE old] ulE &
2 H2e & 4 AolE #l ¥ £ itk MyBank,
Customer, Account, BankSystem 2|4 w22 2z} Fg2
vioh Reold A4 o 10% AEe] &o]7t dr}. o] 2
Sl d g3 2P A#E A A G E FHol
4 H4E HoFE BankSystem Fl29 A$ Al Eio]
M EZaad X 713 28§ Ao e Fz gosl
th gAY AF F29 APE FEE BankSystem xhﬂ

(E 4) SBYUAE S5 MME REHE mg FE oA ARt x)&7] G ’e} oz 71 v
HrE 7153 gl a2 dgos & FE HY E
Ebg] | MLOP. | Account | Customer | MyBarnk | BankSystem | BankDisplay
A0S | 3 2 16 3 2
Gl LOI 10 1 7 10 1 HlAE o]~ W Hglold
fi car 2 9 14 14 Zix o) HHE BY H(%)
% ROR 10 2 12 8 ol e[ efElu]E)
o |AORB| 12 0 AAAY FEHE 2667 20 B3
E | AORS 1 1 Account AE3 HeE 176 933 20
COR 4 Bt 213 14,67 26,67
Total | 75 4 64 e % A7 HeHE 125 125 125
ISt 2 3 1 BankSystem | #%# REe 1467 128 1132
gt | 2 3 H# 1358 1265 1191
:{ JTI 2 3 M)A REE | 9857 2571 R57
4 | PRV 5 Customer AEH Jde 40 30 50
8 | EAM I 4 Hit 34.29 786 | 302
;f D¢ I 1 A48 FEHE 10 0 10
e | JD 1 MyBank 154 RelE 5094 48.44 5156
JsI 1 3 gt 4547 422 4578
Total | 6 14 5 8 #a gt M7 U 3091




524 BEMEEZ=EXD M16-D3 H4AZ(2009.8)
60
50
w Z
- 7 .
20 "k // _Am;"m
10
0
— . MyBank
(3% 12) 2t HAE #Ho|~ & BT FE0|M H5E HEHH

Jef=

Customer, Account S22t AlAgle] AE El(entity) €
2o #Fech giie] FHEE 2 A9 ¥F E=
e wgel Ay vise WA WA o Lotk
Z A9 Wy visrt 9F B3 43 U= Y #
HESL dif2 HZ=HJ=d Customer, Account:s 7]
3l A& Fat3} Aol ¥7] ul&el BankSystem Rt}
E& FHolM HFE Ho Fuh o9t & Ay
B3atn ZYA A o 84 HAEE {&8d =
G R = 1 o R B - e %91 we] o &
&S 7IUE F# A9l7. M = FE Ho F:=
MyBank F&#lAe AH82F AR 4EI7P F 7I%sel. Q&
Fame A dfde] oA 9F FFd IaH
718 AR @Y 7150 FF olFn 7] wiFe] FH2 w3}
= AdAez gzt wkgdch

viAgto 2 FRHE g9 ¥ H4 daE 44 Z209
FHES AL A A FHE vl& HadHom ot
=X A wdA Jshckclass: 26.7%,

c o

50

At e FHME 89  + Ak

FHE Bl ¥ Feold A+ Zvs 4urd 7 29
2 ¥ A4E FHE Fo& b 3 e e ¢
F Atk AA FHoH H2® 43E 53 &Y FHE
9 A daH 2oy FHES ANAY FEES o
Asts A7 B3k7) dRold F, ARG FEHE u
8 ddiHez day Z2aY FUES] 71 WA gAw
7 Fdzd @ ANAY AEAH FEHE F B @ F
Hold H4E A4 wet apole At o Ao #
A7) W&ol vlx@ BE F4E BRAFUR ¥ 5 Ao
o] F oA #eld ZAIE AWE Wi Hsid
A, e, 22ln HEjH|E] qojojafd] 7|2 H2E
Hloj2ge] F2 vi= 55 9 3}3}“151 RAgho] zatA
& 2ATL 3 Aol AA fue Aoz 2%4% F 3
. ol¥ Zsh= UMLE ol &3 @teu Az g2 A
7H B4 S B3 4L H2AE AoAE FeHeold HAYE
3 Ztel 58S vug (13]AAME /AR Z3E 89
g 5 rh

ol A2 J4dd 43 dvolHe A A 229
HAEE 9% JEE Foh +4 H2E #89

& Zz2a o] HAE Aojxe] A3} Add
18 ddzte] Hg oo ddo] gus AAE #
Jenz ZzaYe] oF FE& FA}eAE 9Fsn
old] ¢ HAE Aolx A4o] Wasires FE& € F
Atk 283 A AF dojz FEE T2IaPol: 4
33 TA7F T FEoe HAY Z2aP¢ JYY H=

o g nEsel F o & =20y 5 24§
Atk Hoith npAtoz F#xo] 5 = T4 o
oloj2giel HlFE & WA 71w HAgo] FF{FA S
theloj2ge] 7|H@ A ®lxzHe] HFTAE Hdsn

2
L

_!;109.__.

do Hr
=
(o]

M.5{%) 30

traditional: o) gh= A" Ao WesE BE E 4 At
207%). o|d e (2¥ 13)9] F 7| T Z9] R o] Ag)
60
50 7
40 40 / /
\ / 30 /// —Sequence
—State
/7 g

20

10

0 . i ? .y
Account BankSystem  Customer MyBank
(a) class_mutants type

(a2 13)

20

10

e

Account BankSy C

(b) traditional_mutants type

FEHE EP ¥ FHOIM HTE UEHH D=



FHIOIM HIZ

6.8 B

=EdME 7] & ¥4 UML telojafeziy
N2 O HAE Ao2E F&33 Az &S ¥
7] f8 Feeld H2gE HEYP 53] FeEHolAd H=
B day zzadd H{E FHE QARG HAAF
of e FHE A4AE =Yl ¥2 TEHN FEES
et ol o83 WYHAUG. ojo] tF Hie M=
& chojojaddH 22 HEE AHolio] iy A& 2
ol ItA A ¥ot Holnh At FHE 4z 8
A dEx 333 & £& FolE BY FA EHc 19
U ZdA d 58 Fol7t wmH I HAAEH o= H
£E Aoj&d dig FE B T S29 od
of Frelold A7t HEHAEA o & oJf= 31%?&
o 2 ojd tolojaYe 2R g H2E FAoj2E dxy
Bos ofd 3N °1‘.‘i e H2E & 307 AY
g olo] AHYY H2E Flo|2E YA HAEE 49
he 2o o 2 HE 58S B9 F 4 Ude HE
ol =% 4388 T8 FUY £ It
o] =9 d¥olH Z2aYe] ALgA AR FHo|2d o
T FEe FHEc vstd AbgA Fdo fdd §
H do] o]Foix|7] wigel, ojo} BAEY H2ES @
ThE o] gaditay A7) fEelt. FFd= o

d FES 1T HZE Aolie HE YUt REE

& Haido] Ut o|folx TE =2 HAE AHoAF A

g3t7] A% dFd A7S0] 3712 s
#a1gd

[1] B. H Smith and L. Williams, “An Empirical Evaluation ofthe
MuJava Mutation Operators,” in Testing: Academic and
Industrial Conference Practice and Research Techniques,
pp.193-202, 2007.

Y. Ma, Y. Kwon and J. Offutt, “Inter-Class Mutation Operators
for Java”, in Proceedings. 13th International Symposium of
Software Reliability Engineering, pp.352-363, 2002.

Y. Ma, M. Harrold, Y. Kwon, “Evaluation of Mutation
Testing for Object-Oriented Programs”, in Proceedings of
the 28th international conference on Software engineering,
pp.869-872, 2006.

M. Chen, X. Qiu and X. Li, “Automatic test case generation
for UML activity diagrams”, in Proceedings of the 2006
international workshop on Automation of software test,
Shanghai, China, May, 23-23, 2006.

H C. Kim, S. W. Kang, ]. M. Baik and I. Y. Ko, “Test Cases
Generation from UML Activity Diagrams”, in Software
Engineering, Artificial Intelligence, Networking, and
Parallel/Distributed Computing, pp.556-561, 2007.

(2]

(3]

(4]

[5]

lIIII

0188 58X CHOIHJol 2HE HIAE AHO|22 28 dH|lm 525

[6] S. Kansomkeat and W. Rivepiboon, “Automated-generating

test case using UML statechart diagrams, Proceedings of the

2003 annual research conference of the South African

institute of computer scientists and information technologists

on Enablement through technology”, pp.296-300, September,

17-19, 2003.

P. Samuel, R. Mall and S. Sahoo, “UML Sequence Diagram

Based Testing Using Slicing”, in INDICON, 20056 Annual

[EEE, pp.176-178, 2005.

Y. S. Ma and J. Offut, “Description of Class Mutation Operators

for Java,” http://ise.gmu.edu/ ofut/mujava/mutopsClass.pdf,

accessed 7/07/2008.

A. Abdurazik, ]J. Offutt, and A. Baldini. “A controlled

experimental evaluation of test cases generated from UML

diagrams”, Technical report, Information and Software

Engineering Department, George Mason University, May

2004.

[10] “MuClipse”, http://muclipse.sourceforge.net/index.php, accessed
7/07/2008.

[11] M. Sarma, D. Kundu, R. Mall, “Automatic Test Case
Generation from UML Sequence Diagrams”, in Proceedings
of the 15th International Conference on Advanced Computing
and Communications, pp.60-67, 2007.

[12] Bao-Lin Li, Zhi-shu Li, Li Qing, Yan-Hong Chen, “Test Case
automate Generation from UML Sequence diagram and OCL
expression”, in Proceedings of the 2007 International
Conference on Computational Intelligence and Security, pp.
1048-1052, 2007.

[13] S. W. Kim, ]J. A. Clark and J. A. Mcdermid, “Investigating
the Effectiveness of Object-Oriented Testing Strategies with
the Mutation Method”, Investigating the Effectiveness of
Object-Oriented Testing Strategies with the Mutation
Method, pp.207-225, 2001.

[14] D. Kung, N. Suchak, J. Gao, P. Hsia, Y. Toyoshima and C.
Chen, “On Object State Testing”, in Proceedings Computer
Software and Applications Conference, pp.222-227, 1994.

[15] R. K. Doong and P. G. Frankl, “The ASTOOT approach to
testing object-oriented programs”, ACM Transactions on
Software Engineering and Methodology (TOSEM), Vol.3,
No.2, pp.101-130, April, 1994.

[16] B. Baudry B. F. Fleurey, ]. Jezequel and Y. Le Traon, “Genes
and Bacteria for Automatic Test Cases Optimization in the
NET environment”, Software Reliability Engineering, 2002.
ISSRE 2002. Proceedings. 13th, pp.195-206, 2002.

[171 T. Yi, F. Wu and C. Gan, “A comparison of metrics for UML
class diagrams”, ACM SIGSOFT Software Engineering
Notes, Vol.29, No.5, September, 2004.

(18] R. B. France, “A Problem-Oriented Analysis of Basic UMIL
Static Requirements Modeling Concepts” In Proc. of
OOPSLA' 99, pp.57-69, 1999.

(7]

(9l



526 YEMEISS=EX D HI6-DF M4=(2009.8)

[19] A. S. Evans, “Reasoning with UML class diagrams” In
Proceedings of the Workshop on Industrial Strength Formal
Methods (WIFT'98), IEEE Press, 1998.

[20] C. Nebut, F. Fleurey, Y. Le Traon and J. Jezequel, “Automatic
test generation: a use case driven approach”, IEEE
Transactions on Software Engineering, Volume 32, Issue 3,
pp.140-155, March, 2006.

[21] A. Hartman and K. Nagin, “The AGEDIS tools for model
based testing”, In International Symposium on Software
Testing and Analysis, pp.129-132, July, 2004.

[22] “COTE: Context and Problem Statement”, http://www.irisa.fr/
cote/, accessed 18/09/2008.

[23] E. Gery, D. Harrel and E. Palachi, “Rhapsody: A complete
life-cycle model-based development system”, In Proceedings
of the Third International Conference on Integrated Formal
Methods, pp.1-10, 2002.

o 8§
e-mail : hsleed@humaxdigital.com
1999 F5dista A abFaha(sah
20099 F3digta FFEFTFAAD
o 20099 ~d A FUx FAPYRE SQEY
dig
FA R AZEH 0] HAE AAA G A
A, Yelts £ZES)

2 2 8
e-mail : emchoi@dgu.ac.kr
1982 FIoista HASIHEAD
19859 @I 3e7|ed AT EHAD
19933 g o] Fof HALEF(F 3hubAh)
1985 ~ 1988 g EEatetd el AT
198813 ~1989d dlo|F FUETH
20023 Fhd|7|DE e Lz Ege]Fe A A
20004, 20073 222x FHd AMNeh dEasy
19939 ~d A FIUER ITEHY HAFEHFHAF us
PA o AN G HA|, 2ZEH o HAE Z2Aie WE

¥, Program Comprehension, AOP



