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Traceability of UML Based Test Artifacts Using XML
Seo Kwang Ik" - Choi Eun Man"

ABSTRACT

Traceability has been held as an important factor in testing activities as well as model driven development. Vertical traceability affords
us opportunities to improve manageability from models and test cases to code in testing and debugging phase. Traceability also overcomes
difficulties by the separation between abstraction levels when we trace errors from models to source code after test. To support a rigorous
test this paper proposes XML based traceability which vertically trace from model and test case to source code. This paper explains how
the traceability works and finds out error spots Through experiments using a concrete example.
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MyDefaultTable
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42 FXN 73
A4 UMLI A@A, Java 2m=8 2420 XMIsH
XML 221 JavaMLZ $W33 o2 XPointerZ o] &3

AAAE FHS
(7138 5)&= ATSSe] ARgAMdelth & =idAe AT
o] tidk AjFog F4 AAE sttt A F
o]-8-3}7] 9lsllA= 100000048 999999971412 & (loginID)
I A\ AE(TransCode), 18]3 Y3k E#(ccDate)
9} ™57 (menuCode)E Aol st} fFag doly7l 4
Hi 7]so] BANE gEettd 1 A= TicketIssuer
e 229] insertSuccess?] #2 true’t ®Th oY HAE
ZIWro 2 (28 6)3% o] ARAEE XMLE 33} 2
3 11, 19, 272 ¢guolHE Aot

1:<F-TC>
2 <TCNo>F-TC1</TCNo>
3 <InputData>
4 <dataNo>1</dataNo>
5: <attribute>loginID</attribute>
6: <type>integer</type>
7 <min>1000000</min>
8 <max>9999999</max>
9: <class>MyBuy</class>
10: </InputData>
11: <InputData>
12: <dataNo>2</dataNo>
13: <attribute>TransCode</attribute>
14: <type>integer</type>
15: <min>2</min>
16: <max>2</max>
17: <class>MyBuy</class>
18 </InputData>
19: <InputData>
20: <dataNo>3</dataNo>
21: <attribute>ccDate</attribute>
22: <type>integer</type>
23 <min>0</min>
24: <max>2</max>
25: <class>MyBuy</class>
26: </InputData>
27 <InputData>
28: <dataNo>4</dataNo>
29: <attribute>menuCode</attribute>
30: <type>integer</type>
31 <min>0</min>
32 <max>2</max>
33 <class>MyBuy</class>
34: </InputData>
35: <ExpectedResult>
36: <Expt-ResultNo>1</Expt-ResultNo>
37 <attribute>issertSuccess</attribute>
38: <type>boolean</type>
39: <value>true</value>
40: <class>TicketIssuer</class>
41: </ExpectedResult>
42: <PassFail>
43: </PassFail>
A4:</F-TC>
(T2 6) AT 715 AlgiAR
l:usmmers:raj MyBuy Ticketissuer ‘ MyDB PapupBox
T by L 14inserBuy | ! !
== I
1.2:issueTicket | l_l |
= 1.21: setPopup | k|
1 o=
i ]
| |
| | | |
(22 7) AAEF =Ml 1
Alg A7 E#Ad(boolean) EFYQ] trued 71Hgtoz A<
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FrtEl e st 7S Adsta e sAveldlad &
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SheH24]. (2" 12 AATH VeS Adsta e #AT
olojaglel dFFolth. MyBuy =2 buyOE 3l
loginIDel 10000009141 9999999 Akole] @& Qe aw

MyDBZA A 9] record+= string #kol £917}x issueTicket()
ol 93] Ticketlssuer Z}A| 2] insertSuccesse true® B
b (29 8) ool gt TF AlFAlEe XML ®do|t),

(17 89l @) 3& AFelolEel Hd gololn sl 18
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1:<I-TC>
2 <TCNo>I-TC4</TCNo>
3 <InputData>
4 <dataNo>1</dataNo>
5 <attribute>loginID</attribute>
6: <type>integer</type>
T <min>1000000</min>
8 <max>9999999</max>
9 <class>MyBuy</class>
10: </InputData>
11 <InputData>
12 <dataNo>2</dataNo>
13: <attribute>insertSuccess</attribute>
14: <type>boolean</type>
15: <value>false</value>
16: <class>Ticketlssure</class>
17: </InputData>
18 <ExpectedResult>
19: <Expt-ResultNo>1</Expt-ResultNo>
20: <attribute>insertSuccess</attribute>
21 <type>boolean</type>
22 <value>true</value>
23 <class>TicketIssuer</class>
24: </ExpectedResult>
25! <ExpectedResult>
26: <Expt-ResultNo>2</Expt-ResultNo>
27 <attribute>record</attribute>
28: <type>string</type>
29: <value>string</value>
30: <class>MyDB</class>
31 </ExpectedResult>
32:</I-TC>
(O 8) AT S& A
1:<U-te>
2 <TCNo>U-TC3</TCNo>
3 <InputData>
4: <dataNo>1</dataNo>
5: <attribute>intData</attribute>
6: <type>integer</type>
7 <min>0</min>
8 <max>2</max>
9: <class>MyBuy</class>
10 <method>getBuy </method>
11: </InputData>
12: <ExpectedResult>
13: <Expt-ResultNo>1</Expt-ResultNo>
14: <attribute>ccDate</attribute>
15 <type>date</type>
16: <min>08-Jan-11</min>
17 <max>08-Jan-13</max>
18 <class>MyBuy</class>
19: <method>getBuy</method>
20: </ExpectedResult>
21:</U-te>

(33 9) MyBuy Z4F[2| EHel AlRIA|

dAlEE B8 AuE MM-Paths o]Fi e FId=5 T
Aoz @l Age & 4 9tk (2™ 79 MM-Pathg +4
F# 2= MyBuy, PopupBox MyDB, TicketIssuer

Aol A MM-Pathell Zolstal gl Wi HEE
%JE 7—} Ze 9 @9 AFAEE AASH (2" 9)
=9 Aoz MuBuy Ao 3t AlgAbee] Aol
=3 (1%] )el gkl 32 intDataoll+ A= 004 1 =&
2%k o] 7hssity. aEln Ade R B9 08-Jan-11
08-Jan-12 ®+& 08-Jan-13°]

o] ZY 5] oo gt
Alddeoly 0,125 A&l Al EAT A 08-Jan-11
E 299A &1 08-Jan-12 % 08-Jan-137 &t}
kA et Al AT o] ¥R ¥ Wid 2F/7t
A9Se AAED #AHH A~IEE FHsT (1Y 1002
A7 AxFEo|t} intDated] Qo] 7Hedk A4 WYE

A== el 1679 1, 2l 17190 2, 2l
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laz public woid getBuy(){

la3 code = tfCode.getText(];

164 i EE et AEE codesf] B
1G5 int intDhate = chDate.getielectedIndex():
166

167 if [intDate == 1)

1a3 !

] cchate = "O5-Jan-117:

170 1

171 else if (intDate == Z)

172 !

173 cchate = "O5-Jan-12";

174 1

175 else 1f (intDate == 3)

178 !

177 cchate = "05-Tan-13";

173 1

179 i

(2! 10) MyBuy.getBuy()
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(29 12)¢] VTT(VerticalTraceTest) ZZEE}Q]
B AEA 28a AaFEE BF d T AEE
Adgeh VITE A ARHA A9 715A18 33
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ok zEla I F Unit-TC39 XML Zdo| &% ddt
o stete] AE9-E AlFAbEe #A Sle
i

LT« T o= |\

B oot
[>
K
f
N
>~
Bl :1m
Y
_O|L
o

M1 3o ok

LT

o oo N ot o

1

!

%

46

¥
I

)
u r-&

H

3 16)
3 Zo] XPointers ARE-dfe] WEihe] FAAJ3h RElih A
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=i =method name="getBuy" wisibility="public" id="MyBuy:mth-5" line="1gz" col="L5" end-line="172" end-col="E"=
2E “type name="woid" provitive="true"/s»
23 zhlack line="162Z" cole"Z6" end-1line"179" snd-con=" conment=",;74 HF AFg AEZE coded]] B>
24
35 .. BEFL_
=1
27 =ifr<testr<binary-expr op=" "=awar-ref name="intDate"s=<literal-number kind="integer" walue="1"/=</binary-exprr</cests>
28 “trus-cases=
29
40 <block line="1658" cole"3" end-line"l70" end-com="3"»
41 “assignment-expr op="="»
47 <lvaluer<avr-set name="cchate"/=</lvaluer<literal -manber kind="string" wvalue="08-Jan-11"/=
43 “fassignment-exprs
dd “/block=
45 <=fcrue-cases
E1
47 =false-case>
42 “if=<4test><hinary-expr ap="=="=<war-ref name="intDate"/ =<literal-nunber kind="integer" walus="Z"/></binary-expr>=/cast>
439 “true-casar
E0 “block line="17Z" cole"9" end-line"174" end-com="39":>
El “assignment-expr op="="=
EEZ <lvaluer<avr-set name="cchate"/r+/lvaluer<literal-number kind="string" value="03-Jan-1Z";>
Bz “fassignment -expr>
E4 “/blocks=
=2 < /true-caser
=1 “false-caser
57 “ifr<testr<binary-expr op =<yar-ref name="intlhate"/r<literal-number kind="integer" walue="3"/=</binary-exprr</test>
55 “trus-case>
53 =block line="176" cole"3" end-line"l75" end-com="3"»
&0 “assigmment-expr op="="=
Bl “lwvalue=<awr-set name="ccolate" =< lvalue><literal-nmumber kind="string" walue="08-Jan-13"/>
BE <fassignment-expr>
(3] </block*
&4 “ftrue-case>
(-1 “fifx
=13 “ffalse-casex
&7 =S
[=3:3 =/ falsex

(32 1) MyBuy.getBuy()2| JavaML

e
SIL=10N

B e
S ACHo|0f 1"

XML B3 A2 Abe

A AL
)2

FucntionTest View | Inted, @n Test View Unit Test View | 2 G
Sl Papmpbos mon ] £3- Filction-TC1 2l renosu-Tea</TeNo> B
mtx:: + [ntEQHt?m'TC]- - <InputData>
MyBuy PopupBox w08 - [+ Integration-TC2 <dataNo>1</dataNo>
+setPopupvoid s<ompleiogoM - Integration-TC3 <attribute >JTEIE </ attribute>
+setMyDE void [ ~ModifyF oodvoid - Integration-TC4 J <type>integer</type>
MyBuy +existF ood boolean Unit-Te1 <min>0</min>
+makeFrame void yrop—— ~countFaodListint - Unit- amax>2</max>
+BackGroundColorvoid NouseListener +initF codListvoid - Unit-TC2 <class>MyBuy </class > J
+getBuyvoid +checkPasswd int
+Checkboolean ! ttasnl +DeleteFood void Unit-TC3 <method>getBuy </method>
+Clearvoid +InsertBuy boolean @ Function-TC2 </InputData>
+Buyvoid sinsertvoid +Detailinfo Stringl) @ Function-TC3 | <ExpectedResult>
+Detailf oodinfo void . vold void
+actionPerformed void «issueTicketvoid scountBuyListint <Expt-ResultNo>1 </Expt-ResultNc
+mouseClicked void «initBuyList void <attribute >ccDate </attribute>
+mousePressed void +initSellListvoid <type>date</type>
+mouseEnterad void - . istint
+mouseExited void +initStuBuyListvoid <min>08-Jan-11</min>
smouseReleasedvoid <max>08-Jan-13</max>
<class>MyBuy</class>
<method>getBuy</method>
</ExpectedResult>
[</U-tc> J
- -
w4l | ZII il »
=

169 ceDate
170 } J
171 else if
172 {J

173 ccDate
174 1

175 elas if

Kl |

1)

"08-Jan-11":

{intDate == 2)

"08-Jan-12": J

finrDare == 31 .1

(27 12) VIT| EreAlE 2E




<HModelToCode-Trace>
<UsecaseToSequenc xlink:type="simple"”

xlink:href="geq XHML.xunl§xPointer (/UML:Collaboratin) >
AR FHAEAH > AT £EAE
</UsecaseToSequence>|

Cann

<SequenceToClass xlink:type="simple”
xlink:href="class_XML.xul#XPointer (/UML:Model /UNL:Class name='MyBuy')">
AAFe] =A% -> MyBuy class
</SequenceToClass>

<SequenceToClass xlink:type="simple”
xlink:href="class XML.xul#XPointer (/UML:Model/UNL: Class name='Ticket!
HAFe £AE -> TicketIssuer class

</SequenceToClass>

L.

<ClassToCode xlink:type="simple”
xlink:herf="NyBuy_XML.xul#XPointer(/java-source-progran/java-class-file/me

XMLE 01238t UML 7IBt Alg AtsE =9

AARE

Ar2ARY  =Actoloiad  ZActojojaM

FEF ..

FF ..

MyBuy ->getBuy()
</ClassToCode>

ans

>

FF ..

</ModleToModel-Trace>

14
15
ig
i7
15
A=l
z0
z1
Z2
23
a

<ModelToTestcase-Trace>
<Fucntionlevel>

<Functionlevel>

<Integrationlevel>

</TicketBuying>

<oen FH L
<IntergrationLevel>
<UnitLevel>

(32 13) 2EofM HAIZETHR| 9 =5

<UML:Collaboration xmi.id = 'S§.3'
name = 'Collaboration' visihility = 'public' isSpecification = 'false' islbstract = 'false'>
<UML :Namespace . ownedE lement >
<UML:ClassifierRaole ®mi.id = 'G.1'
name = 'CustomerScreen' visibility = 'package' is3pecification = 'false’'
izibstract = 'false' isictive = 'false'>

<UML:ClassifierRole.multiplicitys
<UML:Multiplicity>
<UML:Multiplicity.range>
<UML:MultiplicityRange lower = '1' upper = '1'/>
</UML:Multiplicity.range:
</UML:Multiplicitys

(3% 14) =MCiojofTz XMl L= (seq__XMi.xml)

<EMI.content:>
<UTML:Model xmi.id = 'S.1' name = 'Project' wisihility = 'public'>
<THL: Natnespace . ownedE lement >
<UHL:Class xwi.id = '5.5'
name = 'MyBuy' wisibility = 'public' isSpecification = 'false
izibztract = 'false' izictive = 'false'>
<UTHL: Mode lElement . natnespace:
<Foundation.Core.Namespace xmi.idref = 'S.4'/>
</UHL: Hode lE lement . nammespace:>
<UML:Claszifier.feature>
<UHL: Attribute xmwi.id = '5.6'

(32l 15) SejACtol{TH XMl LEE(class_ XMILxml)

AtBARE  £Mciolojad  Fajactoloj1

<TicketBuying xlink:type="simple”
xlink:herf="TestcaseXL.xnl#XPointer (/Function-Tes;
HAFe AFEAHH > A7) AlE ARL
</TicketBuying>

<oen FHF L

<TicketBuying xlink:type="simple”
xlink:herf="TestcaseXL. xul#XPointer (/Integration-Testlas:
HAAF 2AE > AD47Te S AFAH

TC/TCNo) ">

<TicketBuying xlink:type="simple”
xlink:herf="TEstcaseXL.xnl#XPointer (/Unit-TestCase/U-tc/TCNo) ">
uyBuy 2L -> Mybuy S APGAHE

</TicketBuying>
<ol FH L
</Unitlevel>

</ModleToTestcase-Trace>
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Collaboration)”>%& A thelo] 1388 XML
A= XMI oA <Collaboration>©] 2}l
o1& FAata glrh

(28 149 #Zo] &Athelojadlo] XMIE 4o & o] 9l
I 17HA 1A RE Az S3E 7 s tholo] 13
o] seq XMLxml ol Aejxlo] Qv wabx (237 13)9
XPointerol M seq XMLxml =49 225 Hod 4= gt
(29 15)= ZFgaviolojadls XMIZ £33 class XML

xml Y dRFolt) 17HA el olslo = AWz
S5 74 MyBuy7Zb &t (28 13)9 <SequenceTo

Class xlink:type="simple” xlink:href="class_XML.xml#XPointer

(/UML:Class name="MyBuy’)">°14 =8 Zg2~ MyBuy
S FHstn k. & FAtelo e s gl
MyBuy& F#3tar gl Aol

o} w7t = FEfzrtolo]agle|A (¥ 13)¢] <Class
ToCode xlink:type="simple” xlinkherf="MyBuy_XML.xml#
XPointer(/java—source-program/java—class—file/method name
='getBuy’)">% F3 MyBuy_XMLxml 39| getBuy method
¢ dth. = XPointerZ 8 (28 1) ®l
A2 getBuy(O)E F43tH getBuy(ol hdt 1% Aws}
ALE Qhell Aojd Ao wge 21 AAF ol dg R
A4gs] & F JA At wepA 2 vgte g MA g

Alegsittrl @ /77F B E
[}

LES

N

= Ba3 AT 324 S XPoint® A

= Zuzttolojagiat el A@AtHREe] F2 ol
ol¢9} #Zo] XPointE °]&3te] RAS FAOE AP A
AE = AGALE S AaFETr] FHS kA er)

43 XML 7|8 =& giiol d|w

XMLS o]&ate] 4 WS Ade 7]E A+ WS

& W

21804 273 B2} Zo] XPointerE ©]-&3F Lumbe A+
[14]¢} XPathE ©]&3F Janathan®] <7+[15] 28] a2 XLinkZ
o]-&3 Lucia®l ¢1716]9} XPointerE ©]-&3F Alves-Foss[18]
o A7} tiEA ot} A% Lumbe] A9} Bello?] A&
29 tjafo] £ZE ] S Y3 AlEEo] ol B R uW
oA ALl3ict o] 2o B =FoA Fasta g 7E AT
T AEE F4 1 ANE AAHoR HoFEe
% FA9 Hee TS <E 1>edA

Aol MeE AEE9 Aol ey} A

> r

forats )
<TicketBuying xlink:type="simple” xlink'herf="TestcaseXML. = Afolo] FZ WL dA|WF o]Z A A &=
xml#XPointer(/Function-TestCase/F-TC/TCNo)" > A &= He Aolyo] 9ith. Zhoudt Alves-Fosse WS A~
7% FE AAT) ARgAbE A AT 715 AFAL IS AL JdE dMisy WEER Ho] bt
#I7F geld TestcaseXMLxmlz ] 45 Al&shal Stk olglgt AFES BT A AEER ygsia o
<TicketBuying xlink:type="simple” xlink:herf="TestcaseXML. WA A FGA A AAEE thekd AEES JduA <
xml#XPointer (/Integration-TestCase/I-TC/TCNo)" >l A = AZE3L AA G olHr) ey B =R A|oksl ud
B T sAttolojado A BF AFAMEIRY] F4 2 gAY AEEY B8 e AFAEY F40] 7he
A4 olx, <TicketBuying xlink:type="simple” xlink:herf= St T3 Alg 8 T WEsk QRE AAFIEE YA
"TEstcaseXML.xml #XPointer (/Unit-TestCase/U-tc/TCNo)"> 2R3l A3 92 LS & Y Ysu Y}k
(E 1) XML 7|8F =& gl |
74 99 A4
N2 e g v lag valas 2elzg ax g ga] 1P sy valug valas 3e(2g axig A
nd nd
Vertical Trace @) e} O e} ¢} @) O O 0 0 @) O
Grechanik[3] (@] X X (0] X X (0] X X (0] X X
Senguptal4] o] 0] 0 X X X 0 o] 0] X X X
Pinheiro[5] o) 0 o) X X X o} o) ¢} X X X
Ramesh[6] o] ¢) 0 X X X 0 ¢} 0 X X X
Zhou[8] X X o) ¢} ¢} X X X ¢} ¢} o) X
Jonathan[15] X X ¢} 0 X X X X X X X X
Alves-Foss[17] X X o) 0 0 X X X 0 0 o} X
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