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package mutation.example;
public class Example {

public static void main(String args[]){

inty =
int res

Systeim

package mutation.example

public class Example {

System .out.printin(result);
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aa

1.1)  aaud Usznaudasuindle winllauaziiand b
<id>001</id>
12)  winaasdndiduuaniiu sasnuesalunuazfadndmag
WAINBEINNML (Case Sensitive)
aal c 2 v °
1.3)  BAWUA azfastarnuiiuaAL 11w
<persondata><id>001</id></persondata>
aa AR el 1 = o
1.4)  DANWAING AEAA LA I TTienn @ unsaidawld 2 wuu
Ag <id></id> ¥ia <id/>

A

1.5 N4 AN LB NLAATAAINUAIIN (Root Element)  LiNeN
alal e 1 aal & dl £ o [~ o o ni// aal &
BANUAREY diudduAgnanaEdauiliiuanLdunde ludamussn
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(78N Prolog %8 XML Declaration mmmmmummmLfaﬂmmﬂm@mﬂ@ﬁ A9n19 19N
d1uf 2 mﬂmuwumLmmmemmr@ﬂmmﬁfmmmmLiﬂﬂm Document Elements @4
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<?xml version="1.0" encoding="window-874"7>
Prolog

<?xml-stylesheet type="text/css” href="#xmlIDocs"?>

aa -
<persondata> <4— AANURIIN
<person>
<jd>1</id>

<first-na

</person>

Document Elements
<person>

RINAS
AndiEtled

23 il ﬁ%@%} SRLUNAINIA Y

v a
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1) 2awuk<types> uansriinvesieyain i lumeid

aa & dlv va ] o o

2)  DAWUA<message> uAmLNALdaNFeslERnseN LI a5T

P - . o a A P (AP
3) A[LNURI<operation> LLﬁﬂQﬂq?ﬂ’]Luuﬂq?WLsﬁ@?’JGﬁuﬂJiﬂ
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e - ! o o P P AP
4)  BAWUA<portType> WAAINGNIBINIANHUNNTNER TIn N 1
aa L . . v o o
5)  adwus<binding>  waasinsinasauazgluuuresdeyadiuiu<port
Type> U84 Laasied
S s a < A
6)  BAWUA<port> UAANNITARFBLAZIBLIBILATRUNE

7)  DAWUs<service> WAANNANTDY Port

2.3.1 AAMUA

senAtiinresdiayaluenans

sudiagaan-ueald AwRacadlugud 2 70 TunislsenAtfiadayauununiasusinans

aa s - ol 4 Y o ca ol
AALNUA <part> Nl 1o liiueniiomusinazgn

v
vvdd
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<?xml version="1.0"7>
<xsd:schema xmins:xsd=http://www.w3.0rg/2001/xmlschema>
<xsd:element name="persondata”
<xsd:complexType>

<xsd:sequence>

<xsd:element ref="person” min "1” maxOccurs="unbounded”/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="
<xsd:complexType>+

<xsd:sequence>

<xsd:element ref= =% axOGC ¥
. — L " i ! 1axOc urS:|1111/>

<xsd:element ref="las| ] T axOccurs="1"/>
axOccurs="1"/>

<xsd:element ref

</xsd:sequence=>

</xsd:comp|exType>m
</xsd:element>
<xsd:element rﬂw uﬂg n&l w 5 w 8 ’] ﬂ ‘j
<xsd:element name="first-name” type I(sd :string” mink@ngth value="1" maxLength value="20"/>

st rahGhSl Ehes DLSBAANTAIR L, o

<xsd: element name="address” type="xsd:stringt” minLength value="5" maxLength value="200"/>

<xsd:element name="e-mail” type="xsd:string” minLength value="5" maxLength value="30"/>

<xsd:schema>

717 2.5 Firatinqienansdndidnueaannn
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<definitions name =" ... ">
<types>
[...]
</types>
<message name = “. .. ">

[...]

</message>

<portType name = *

</portType>
<binding>
[...]
</binding>
<service>

<port>

</port>

</service> Fs = 'Y

amaﬁnimum'mmaﬂ
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<types name = “StringArray ">
<xsd:schema targetNamespace= “http://typeSample.org ">
<xsd:complexType name = “stringarray”>
<xsd:choice maxOccurs= “20">

<xsd:elementname = “item” type = “xsd:string "/>

: -
<message name = “cpedit fo Ne SS: ge”> ‘\ \
J‘i.du

<part name = |

<part name = “lag

31728 ﬁq@ﬂ"@ m@a_@wmiﬁmﬁﬂqmmﬁuﬂ@

ﬁTm ENINETTS

fﬂmuum <portTypes>  arsgungu  <operation>  1Alufinuns

<DortTa9;g Qaﬁ\'m § @H N% %@ mﬂﬂ@uﬂmiﬂmmmu

v
o a

mmsﬂm %4 <operation> &1aNsouLIv1E Ty 4 13ie

1) UULUN19AY (One-way) Lsnﬂﬁmﬂut’ﬁmmmmwmfu

2)  WULERTe-mauaueY  (Request-Response) Ll
HFuunaauardauNaiaanaunal

3)  wuueidniilugtesranazsanisnauanes (Solicitresponse)

w1 ST WA A LAAUAT IR TLUNAUAARINALNN
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4)  wuudamingdu (Notification) wreidmiilugdaunaiaalyiniii
N19R8NN <operation>  tufiedH T wuAL@AnEN  LNdL@Alnean
a v a ' dl ! Y Y6 v dl a a 1 dﬂl ai =3 A
waraiindayaresninnianiasnazgnassn iy [idainanulansasuanemiuime 5
o = Ay A Aa 6 e -
N9U aerlindeyaiaiupedeyanieiuesluaamus  <message> 289LANANT

o 1 I

puiaglaanuaatiues  Aefaatnelugiln 2.9 ilunisdsznia <portType>  NdTadn
loanApprovalPT Taaf <portType> Hlsznaulilfae 1 <operation> #3891 approve lag
<operation> HNaiaundigau@iunien creditlnformationMessage Nunaidatinaaniily

a = = | dl 1 L Y6 v dl A a a 1 4’/
%l approvalMessage LaENAINAANIBINAzanae i Ll ma TR AANEANTBITY

YUN9IUTD loanProcessfatilt 6 THAdeNALdaLTli loanRequestErrorMessage

i

<portType name="leanApprovalPT >
<operation names= “approve > "id

<input messa@e"z “loand;éfi:cér'-edit InformationMessage”/>
; 44

<output mess,adé - “tns:ab-;;;rlcj;:/alMessage”/>

<faultname = “Io_anProoeasfauit”

el

message = “loandef:loanRequestErrorMessage”/>

</operation>

</portType>

3119-2.9 fivatinenoalsunad <portType

2.4 aE1tUiwa (BPEL)

ANHNTING [11] ﬂ@@ﬁu1ﬁ§un’13@LLZ\]LL@S‘]J%?/‘LIﬂﬁNLﬁﬁJLﬁﬁJﬂﬂNﬁi@Lﬁﬂ\iIﬂﬂ

q

winagnulawia (OASIS)  wasi@aizenedwilluniniedndudageating  AnTaknAe

Tmalndudagiea (BPELAWS) [5] Fenwniimadsenevlfoadausnedasialli
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2.4.1 ALK <process>

g - @ el - ~ = o
AALNUR <process> WIUAALNUATINABILANANTLLNS Gﬁ\iﬂﬁ‘:ﬁﬂﬂlﬂﬂﬂgﬂ

6

pawuAgnmfuntauaen Ae <import> <partnerLinks> <messageExchanges>

a

<variables> <correlationSets> <faultHandlers> <eventHandlers>  1ana1NTNTe 1WA AN
Process flailsznavldfing udmmam (Activity) Beaunsariluldiaudmminatinedne (Basic
Activity) visa udpRimidalasaasad (Structured Activity) Taugmasimdalasaasafiiaunsn

Hudmiiran agnnaluld lasiasiaresen i iEiPocess wandlugii 2.10

il

<process>

- S
<faultHandlers=>/[..... ]</f'§1uItHandle{,sé_!J.lI
<eventHandlers> [.....]</eventHancfe_ré>
[activity]

</process>

31210 T99a3n9229838 1916 <process>

2.4.2°6aus (Variables)

) » = o Yo Ao E . v o a
TpvEasLsNA M NEaNN LR A LE-<variable>JFAa faulsain
LLmmemL@ﬂma‘ﬁmﬁ@qmmﬁum aflafqulsreadndiduweagAnn (XML Schema
a o aa & [~ & = o dl
Type) uazaiinmauidsaqiuuszeaandiduiaaanni (XML Schema Element) aagd# 2.11
d -

wamsnslszniasiaudaivaldlunisiiudeyanesdelstinaesdioyaiuatiaaadnassuas

AnnsnvuarBufulaetinA NnaInfauls quoteRequest



18

<variable name="address" type="xsd:string">
<from>
< variable="quoteRequest" property="emailAddr" />
</from>

</variable>

U7 2.11 FRENY unA Tl

igned Integer) @N1TDNL

181D ALNUS <start ' brance> Fengnie’lu

LLﬂﬂmm <forEach>

ww ﬁﬁﬁﬁ%ﬁ% {I ;ﬁ ﬁ %ﬁmmum?mmmﬂma
QWHILLG‘]??ﬂ“IJ’ﬂﬂT

oozt e @@4« T T TR
bpa :getlLinkStatus('’AtoB’) and bpws:getLinkStatus('CtoB’) quuumu)
bpel:getVariableProperty('assessment’, ‘tryCount’) — 1 (‘ﬁW@ﬂﬁ’ﬂﬂ)
'P3DT10H (TAnalATa99an)
'2002-12-24T718:00+01:00’ (ﬁW@ﬂﬁ’]L%uﬁﬂﬂ)

U7 2.12 et aesdinaluuusiig aesn g
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244 UBARID

aaa [ 3

LL’ﬂﬂﬁ]’Jmﬁl’ﬂ\‘iﬂqH’]ULW@Lﬂufﬁlquﬁ ANTFATUATINSURINTZTULIUNNT

¥

dl 1 & aada [~ a A & aada 1 I & aada a v
mmmmummmmmimﬂu 2 1laAe WARAIAaL199NE LaslEARImTlATNa31S

1) weARIRDL19dnsl

aa o o

a dld o dl
nnsnansanenelisatias lu

© aad ' ' (<1 @ A dl
udARaAatiNeuuaAFRIRAN

= vy A & 1 o
NV%’WIZQ’]L‘LJ’]?I@N@MHVI’NVL?JHQ

U

4 o =
4a3aaNAILLITe quo

o o

teParameter lusasautste

(<1 =3 QQddl ! 1= o
LﬂuLL'ﬂﬂﬁ]Qﬁmei’Jﬂ’J’]iﬁJNﬂ’]?V}’]
=

azls Genaldlunsiin iraanaaz iiuqnisvanu

(Synchronization) TuuEAFLS <ﬂovg;7@gs f
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LW@”LmLﬂuﬂmﬂizm L%Mm@mﬂwm NTe

HNINNI1 5
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<assign name="DefaultQuoteAssignment">
<copy>
<from variable="quoteRequest" part="placeQuoteParameters">
<query>/quotelnformation</query>
</from>

<to variable="highli e" part="placeQuoteResult">

formation</query>

Sor” = | —

</copy>
</assign>

s
i

A\

\: Number"/>
- = 71,‘. N

1B <assign>

<jf>

-
> # ondition>

<conaiuo ]

<emptyg
sources> <source lipkName="manyDrivers'/> </sources>

. PREINENINGINT

QWA AT

<if>
<condition>><![CDATA[$numberOfDrivers > 10]]></condition>
<exit/>

</if>

(% 1

Adl & aada .
qﬁ;‘ﬂ“l’] 2.15 AN NNUILLDARNIR <exit>
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v

14) wapRdn <invoke> ¥ lunnsizenlimasialaialuy

#9TA91Ia (Synchronous) uas ax@alasila (Asynchronous) Adgin 2.16 wamsnisizanli

'
aad

afIgueiNdousnnszyeeflu Partner Link 7X@a31 agent Iaainisaniiunisiazgn

p 9y = ) Aad . o A
nszuungEenlgdae requestQuote sﬁﬂ@ﬁ.ﬂlﬂﬂﬂu Port Type MNTA91 policyPT U8y AN
nezuaunsavasllGenme Maive lusauilsTa quoteRequest wazdinyaninszuounig

IH5uiuetflusiaulsma requestinfo

<invoke partnerLink="agent"
portType="policyPI* ol
operation="requestQuote"
inputVariable="quotgRequest"
outputVariable="requestinfo">

</invoke>

o -

g1l 2,16 FN8ENgUBIUEARIA <invoke>

' §
’*'G aad-‘_df' . 0 <1 & aada o Ay

. <receive
16) 4an5R <receive> HuudaRianseiuunaaanidn

Wwlidunfiannliluenansduidagiesansea - AU 217 wansdtet191e9udnman

a

. S =< o o A D °o = o
<recelve> wmm,’]vgetQuote "ﬁ\‘lLﬂuﬂ’]ﬁ‘i"ﬂﬁ‘ULLN@LZQ@V]@QN’]IMT']’]‘E@’]L%Uﬂ%‘ﬁ@

s

aa va ' - ' ¥
requestQuote f-ﬂﬂmmqmmQu@aumumzq@qiu Partner Link NuTa91 agent me@ﬁ,ﬂ@

o oy A < | o = . Ao ¥ ” ”
mmmm:mmglumuﬂim quoteDetails wazNIINNIMuAll  createinstance= yes

v
ada 9

1 dl = = P o 9= v A o 1
WAASINLHNANNATE N LA AFRA KA1 1NN 74590 TAUAR8 N (Instance) AN

€Q

©

'
S a

Wi AR M NALIEYNTELUNNT

=0

dgl = 1 Pl @ aada
NITUIUNITU m‘@m@ﬂmﬂmm@mmm

<receive name="getQuote"
partnerLink="agent"
operation="requestQuote"

variable="quoteDetails"

createlnstance="yes" />

71N 2.17 dretinaaasudnman <receive>
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1.6) waARas <reply> (HUUSARIFNADLAURIADULNALAR
HFUNY A9 2,18 uaneFNatNUILAARLR <reply> XTI StatusReply  @aiilu

Ao o= v A . . S,
mimmummemmimummnLenfawmjmQmmumumm@giu Partner Link %19891

(2 1
aaaa

. @ aaada g <3 [ a allddl | AJ
ProcessPolicy TpalaARI AT RLEARLIANADLANEINITANHUNIINNTAIN status  TINNT

v 1
ALHuNsHetlu Port Type @891 NewPolicySystem Tnaidfiayanaznaunaugniivelu

o o dad
AALUINNTRIN statusResponse

<reply name="StatusReply"
partnerLink="ProcessPolicy"
portType="NewPolicySystem"

operation="status"

variable="statusResponse" />,

sl 2018 FnekisuaSLORERA <reply>
17) waaAam <rethrow> uudpinanaixnsnlglsniely

N3AANITANNANTEY Wil Jadiiudasdsiazasaaniansaslilguatmaus  (Parent

1
=

Scope) Mgl 219 uargpATIBUAARRE srethrow> NATEIN invalid  1Nalfin

ANRANTBNT U LNgEIUATS

<faultHandlers>
<eatchAll>
<compensate />
<rethrow.namer"invalid"./>
</catChAll>

</faultHandlers>

917 2.19 dantingwasudnsin <rethrow>

1.8) udaman <throw>  uuderdanlilunisdedioya

puiandaslldrauianud dnnisvasiinesyANiANaIANI9gena (Business Error)

o o ' 1

anetnelugli 2.20 uanan1sldeuudnfan <throw> AlTed1 CancelPurchese tagd
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& 4w a D oaad . oA o~ e & &
ﬂ?$uquﬂq?u’a$@\16ﬂﬂﬂﬂﬂquNﬁW?@\‘W]Nﬁﬂqq cancelPurchese ﬂm@LNﬂNLﬂﬁ!ﬂquV]Lﬂmmu

dl o % & _ aad
AN 15 i asam <onEvent>

<eventHandlers>
<onEvent messageType="abandonRequestMsg"
partnerLink="ProcessPolicyPL"

portType="ProcessPolicyPT"

operation="abandon"

variable= ',/
<throw fault S CanceIPurchase" />
</onEvent>

</eventHandlers>

1
a =

, < & aaaa [%
date> . \{uudnrinnnaaeudeyan
aglumulsaanadesiug 9319 2.21 wanssnetngLeanIs

WHudmsam <validate> R4 1; icationInfo LLag spouselnfo

L\J

ate>

., 1.10) LL@ﬂmm <wait>  IUUSARIANUUIIAIAINAD

TR Tt TICE CNCRoR T p———

uBARIB <wa|t>WQELvamumﬁﬂwmqum 25 meau 121 2010 LQQ‘HS .00 u.

ARIANN I NN Y
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<sequence>
<I- wait until 6:00 PM Pacific Standard Time
on 25 December 2010 ->
<wait>
<until>'2010-12-25T18:00-08:00'</until>
</wait>
<invoke ... />

</sequence>

-

51|30 22 50N 1BIuB ARAE <wait>

|
I b )

2) MEpdnald a0y
© asala Q/L, (<] & Qaddlcz o O o o = dl
Lo pdn alis e seasae unda Aaamiusanvuaansuvise Nawla
) @ ana ' = ‘I;! . a @ aada a v o 1 d”
PAININNUTIDS UEARIRNE LW nneatiiwg 2.0 BudasaRTelassaianssia il

24) UapRIB <flow, el uLEARAR <flow>  FNNITDATUUA
dl o 2 o b o dl = = I o 1 v & aada
NITLAUNTIANNULLILWSalNulE - “sagtln 2,28 anesinatinanisliuusasas <flow>

WaBeanlfanue fAtuesananastu American Aifines  uazi1asitaadananisiu Delta

T Y o
Airlines IWULWTBNNW. & )

aaa

2.2) WEARIR <forEach> WAARIANANNIIONTEAINITUEARLAN

o

agneluliislugluuudnggduvisauuuniauniulugluuunssingn AU 2.24  uana

a

= o

Faat1eraan sl LaARdR <forEdach> AINNTENIVUG pardllelzyes wamadilunisnszin

|
2 o

nnsuaAdsnnelukLLnFaNtL Tnusedasfqulsduanuawlsidiada, leopindex Was

1 [} v
AueagEasu il 4 Fenuimedniaeauriiganaviun ivinfusnaes vehicle

2.3) WAARIA <if> WAARIANATNILNINNTRE AR RN 1A

S D aaa

! dl a Ly @ < aad . a A
mmmuwwugmuummm%ﬂu true N8lUUAARIR <if> a1aazlufAmim <elself> viTa

<else> A A99L 2.25 uanesaagsuasudamng <if> dalusnatinelianisldenu <if>

u

<elself> LAy else
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<flow>
<sequence>
<invoke partnerLink="AmericanAirlines"

portType="aln:FlightAvailabilityPT"

operation="FlightAvailability"

operation="Fli
variable="Fli

</sequence>
<sequence>

<invoke partne

<receive partnerLi
—n

portType="aln:FlightCall

operati

</sequence>m

AUE NN INENT
QA6 S T 1498 ) B ERB Bhasoirs

fuuald'  FenneluuSaian <picks aunsniwmnnisnlld 2 wliaRe <onMessage>

2 =l

waz <onAlarm> usiatinaiinaNgnfiaddl 1 <onMessage> Ws <onAlarm> azdlwinlsfild e

! ¥
o K a K v

fwnnisallamanisniuiafstundomanisninvasasldaiuisaials  Asgilin 2.26
Iy © aad . > p P ve o -
wanen 9 lauusaRI A <pick> frunalaan nnsryseazide a5 Tuda s
a dgl = o @ aad 1Y 1 a oy

<onMessage> WnTuazdinisnszinnisudnmsaniely ustinsaauwaasiiull 5 wiiuda

Taiflumanaamunninun il <onMessage> azlin1snszyninisudmnamnniglu <onAlam>



<forEach counterName="loopIndex" parallel="yes">
<startCounterValue>1</startCounterValue>
<finalCounterValue>

<query>count(/CustomerQuotelnformation/vehicle)</query>
</finalCounterValue>

<scope>

<assign>
<copy>
<from variabl
<query>
(/Cust
</que

</from>

</copy>
</assign>
<invoke name="Che
partnerLink="dmv
portTy : L e
operat
inputVari e="currentVehicle
outputVarlatie—“ eceiveDetail"

~HULANYNTNYINT

</scope

ﬁﬁﬁﬁﬂﬂimuﬁﬂﬂmaﬂ

gﬂ‘l’] 2.24 faatnsaeaudafan <forEach>
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<if>
<condition>
<![CDATA[bpel:getVariableProperty('mvStatusVariable','AutoStatus') = 'OWN']]>
</condition>
<flow>

<!-- perform fulfillment work -->

</flow>

<elseif>

<condition> ———

<![CDATA[bpe|:geum,

</condition>

utoStatus') = 'INCOMPLETE']]>

<throw faultN
</elseif>
<else>

<throw faultNa

</else>

</if>

Qaldl ¥ o
AN MANMTUTENNNNT

Vl’]‘]j’] ‘Nlﬂ’ﬂ\'IVI’]ﬂﬂ’Nu 1 m\um”mmwmmwwma IRuaansiiu true Aasaaging

?ﬂﬂﬁ%ﬂﬁﬁfmﬂﬁﬁ%
U9 QSN TR P

n1satngifluainu mm@mﬂmﬂ‘w 2.28 nmenanuiiluanauinaiEuainnissaiiunan 10

T uazarinismanldnume FHaesgiaauion

© aada . [~3 aadd’l o o Oy 1
2.7) WaARIE <while> WAARIAUALNIENINITLULNIGIAUNIN

tnwardyaauazianiu false  Aasnanelugiln 2.29 azinisindinieluudafion <while>

liaunqne1aaiinail $numberOfDrivers < 5 axifli false
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<pick name="CustomerResponseToQuote">
<onMessage operation="requestMore"
partnerLink="ProcessQuotePL"
portType="ProcessQuotePT"
variable="furtherConsiderationReq">

<correlations>

<correlation initiate="no ilAddr" />
</correlations>
<sequence name=" actPostReV|ew">
<assign name

<copy>

</copy>
</assign>
<invoke nam

partnerLin

inputVaria

v 2
</sequence>
</onMessage> :|
W

<onAlarm>

<f°f>'ﬁuﬂ'mﬂmwmm
&’Zﬁ‘mﬂim URIANYIAY

917 2.26 FratingvasuSARIR <pick>
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<repeatUntil>
<invoke name="GetUnderwriterWorkLoad"
partnerLink="UnderwriterPL"
operation="getWorkLoad"
outputVariable="underwriterStatus" />
<condition>

<I[CDATA[$underwriterStatus.r

</condition>

</repeatUntil>

<seguence>
<!I- wait for 1 year ->
<wait>
<for>'P1Y'</for>
</wait>
<invoke name="ContactCus!
partnerLink="PrintShopP!
portType="Pr
operation=" “ dFormLetterByEmail

inputVariable= "I'UﬂmerDetall"b

U NN TN
ARl Y

<while>
<condition><![CDATA[$numberOfDrivers < 5]]></condition>
<invoke ... />

</while>

§Un 2.29 FfeteeudpRis <while>
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2.5 UIFANLNLUD

2.5.1 91U7AY An Experimental Determination of Sufficient Mutation

Operators lag OffuttilazAnie [7]
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sANBA WA INA AL LNIINARALLLLNNNTULLILAULAN LARINITOA AU LA
16049 4 win
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2.5.2 41134t “Mutation OperatorforAda” Tag Offutt uazAtuy [12]

a o o

USRI REINA A WTLN R RE TN T sunsnenn  T@eld

1
a

as1efaaniiunig drusunnlaennsnisasniedtend 3o lliannsaoupndsialng

(Exception  handling) Latiisn (Generics)‘!' UAZNAANNY (Tasking) A nSUAIANEIRNNS

Nundunauide it ugansun il singyeaaiua a1y 5 atia As
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oo A il II'- ) i a
1) Agn i s g Bunns (Operand

Replacement Operators) #30 mmmum? v

2) mmmummﬁmw’émrmﬁq (Statement Operators) # 14 #A
JJ

ANTILANT . T
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ALTEUNNT ‘ ‘_

4) wi[?lvfacﬁﬂL‘auﬂ’1ﬁfzi(f’ﬁ/‘l’i]"‘]_lﬂ"a’]?,\lﬂ';?@‘]_lv"’lzp,l_;(Coverage Operators) H 4 #a
AHUNNG

5) SRRl RN LN A& (Tasking -Operators) # 3 A
ALTUNNT

9
= . A

IAdERlgINNAnAga UL UAYNTUlAg ngAa AN k1 lia N0 8
ANUIUAIAHUNITRINTUNADLNE 16 Fin

UAREH AL N AR RUNITRAUNTUR I NFUN BB A TIF AL TUNT
a % 1 dgj YN Y o 1 ag/l
Famduuan L AT uA1EeAwINT

dl a a e‘dyo aal a o Y o = dl
AN INE TN REHUNA TN Iade LLL LR nduNn T dun1 e dinada

v
AlUAIH NI IR HAYANTUNTRUNTUAUSUA TN Taganainusiaula



32

wnzdnntiunsiundulunguinulastinal danisiaiusaatiunisiomdudmiy
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Tuumilas Buduboanisinanan mantedinafiiate  AannAalaen
Fomtiunisiomdulungudnulastinatddmiunimdma  nisdaulasinatiananim
fina N9 iuazeanuLLLATa e WAz UL L8978 Galugdouaainissined
LAZeaNLLLLATedElaazes N E0E WNUNINYALPA (Use case diagram) LEUNTWARIE

(Class diagram) WAZLNUNINAIAL (Sequence diagram)
2

3.1 NMMWSINURII ENITNUNLENE

Ineunuiatiudladanistseansldnisnagauuuuiawmduiunimding

TIAINNANNINARDITDIGIAR [7]aas IHiudan) sia anso AtHunN sl mduan g

v
a o o

Aauaainal Iuﬂ@vmmﬁmwiﬂammnum\hwﬁmuLmummmmmu FufufahsnuAsadl

Asaulaanng mmmum@mLmuquvn@mmmmuwwu gm0 flenufA NS

Namndudmiuniedmale 5 mmmumj‘ Imﬁmm Lﬂﬂm@ﬂiumm@m 3.2
mimwmLLmuwuumﬂmimﬂﬂﬁtﬂJmL'aﬂmimwaLﬂuL@nmm@u (DOM

document) sﬁwmﬂummm@mmmavma’]mﬁumuwwmm Aautlastinaillaanis L

mmmumimmmumﬁ FTinena1lude 3.2 MmmmmgﬂmuwwmamLLﬂmL@ﬂms
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TdsunsunagauuuuRUNTUfIUSLAEITING

@] TdinTsunsunaaey (wnang
BPEL, WSDL, XSD)

14 v

ve v A o o a a o Ay
{lEaansaaniiunisiamduniies @]

gt naaey

{4
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llm .1\\\\\
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£e
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e3¢
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=

BPEL Server
AR N’ﬁﬁ?ﬁ‘i} ikl 3 WW‘] %
3.1.1 dayatindin
foyatindinng Hsruuaniuiiiudlaalsenaylison \anans
Tilsunsufiueiiu uazdamtunisilomdungldiaen
1) lddldsunsnduaiiy devneuldfoe tengnsiing  1anans
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A9UN199LATI LA LANA1TRALUANANINULENANTade 311 g

anansidinAe wwnansienansiing wna1ssullageanLes Lazienaadndiduuesann
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AelwangnsiinnsU 79N Aen a2 ﬁf;?ﬂfa outputVar 1 usaudseiin responseMessage
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o A o

. @ o = - % ' 2 4 . =
WAL inputVar usquilsniie requestMessadge AR WNUANTRAAIMNANARLDAINAN if 0N

1 v b2 — —
famaudatiazauas il Nmmﬁmﬁmau (4 SinputVar.inputType/ns2:paramA

U

‘Natthapol' ) #iagjnnetune/lueauwwed <Cor1d1t|on> mmmﬂ"lumuﬂi inputVar 1 part
paramA Ag Natthapol ﬁwwﬁuaau*('—$input§€/-é1==inputType/nsZ'paramA = 'Natthapol' ) 4

VL@NZQ'ZQ‘WﬁL‘]Ju true ’&\‘1N@IMH?”W?HW?‘H@@QWNZ&:@SSIQH Sﬁw”mmmmmmmm Hello

Natthapol luefast LL‘L]'i‘ outputVar Tu part paramA mmmﬂumuﬂa‘mputVarh part

paramA T4 NatthaDtS'l Tnaiiuaan( SinputVar.inputType/ns2:paramA = 'Natthapol' ) 4

Tanaanfiilu false d9iR19iNsENIN1398ANEAS assign” B9aznnn1dundienanunlé
AnAnaK conGat(Hélo | '/ $iputvarinputTypéns2iparama)-lilsa outputvar 1w part
paramA
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<partnerLinks>
<partnerLink name="SynchronousSample"
partnerLinkType="ns1:partnerlinktype1"
myRole="partnerlinktyperole1"/>
</partnerLinks>
<variables>

<variable name="outputVar" messageType="ns1:responseMessage"/>

</variables>
<sequence>
<receive name="start"

partnerLink="Sync

h (
operation="operati
portType="ns1:portT
variable="inputVvar"
createlnstance="y

ro
</receive> i
<if name="If1">
<condition> ( $inputVar.inputTy, : i ) ondition>
<assign name="Assign1"> :

<copy>

<from> .
i

<literal>Hello Nt

</from> I'I |";
) i¥
<to>$outputVar.resultType/ns2:paramA</to>
</copy> ‘ﬂ u .
- B WY INBNTINYINT
<else> “
¢
RIRINIUURIINYIAY
qﬁ
<from>concat('Hello ', $inputVar.inputType/ns2:paramA)</from>
<to>$outputVar.resultType/ns2:paramA</to>
</copy>
</assign>

</else>

</if>

317 3.2 Firatinaianansiing
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3.1.3 Fngd319RNwAUA (Mutant Generator)

Tsunsudouniniinnlunisirdayaainnisiiassiienans uaz
Foaiiunslamdung 1fiaen 1 mssnuasenanstusunassiventlinidulsunsy

Housnad Aaseenelugln 3.3 uaassedwllsunsusivai uazgli 3.4 uansdet1eaeg

TUsUNINRAVAUNUNFIAUTUNNT = F0gl 1= NATAINARSINDDNNN

<if name="If1">

Z

<condition> ( $inpu i e/ns ‘paramAr=+Natthapol' ) </condition>
<assign name:"Asgy ‘ -
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<from> A%
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<else>
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<if name="If1">
<condition> ( $inputVar.inputType/ns2:paramA != 'Natthapol' ) </condition>

<assign name="Assign1">

<copy> ,
= s o a (-1
iwasuanfaniunig = 1l 1=

<from>

<literal>Hello Natthapol</literal>

</from>

<to>$outputVar.resultTy
</copy>
</assign>

<else>

mA)</from>

</copy>
</assign>
</else>

</if>
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6)  FAANLHUNNINIBUEIRA (Highest precedence operator)
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3.4.2 WHUATWANA
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1) AA"4 InputFileBacking Aa Aa1annutinnaasaiuldludiuaes

nsthdnldsunsufiueiil sasvBunTeIRAIawanIAIgLN 3.7

InputFileBacking

~ file: UploadedFile

ploadedFile

: '- =gk o ile) void
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InputSemniceDataBacking

- testCaszesDetal: TestCasesDetal
- mutantFileManager: MutantFileManager
- wadlUtil: WSDLFileManager

+ getTestCazesDetaill) : TestCazsezletail

setTestCazealistall TestCaszesletail) -void

."'

+ seﬂ]utpuﬂrgsl[Llst] vu:m:l

AUE TmEneng

- InputSemc‘DataBa cki ng []g

QW']Q ] ¢ 5 q'rr"’:'.'i:\

Jun 3.9 ﬂmﬁ InputServiceDataBacking

4)  AR"E InputTestCasesBacking Aa Aanaiimtinnansaiul4lu

A2124N19UNTINIIN AR L Warn12aiiiun1nagatllsunsniellsunsufiuelituay

TUsuNINRIAUIS T8 LID AURIAAALAAIFITLN 3.10

a
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Serializable

InputTestCasesBacking

- id: String

- inputData: String

- expectedResult: String

- testCasesDetail: TestCazesDetail
- testRunner TestRunner

- mutantList: MutantList

collaped: b

L1
|”|'
i

7z

\

+ setOperation(String) :void

+ getMutantzCount() : int
+ getflledhlumber() - int

submitTC() - String
clear() : String

runTestOriginal(} : String

+
+

+

+ runTestMutants(] : String
+ s=saveTlC(): String

+

loadTC() : String

188

3171 3.10 Aa"4 InputTestCasesBacking
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5)  Aan@ MutantFileManager e AAN@NNIUTALINEaziBen g

v v
a o o

FUAUT AN INARIULAUYT AARIRILAUNAILATAILIZHIANATIING  LAZUNLANNT ARG

a - A = = o A
N'JLLMLW]@QLﬂﬁ'ﬂQﬂﬁ'gﬁJQ@N@ULW@ ﬁ‘qﬂﬂzlﬂﬂ@ﬂ@\?ﬂ@"]@u@ﬂqm\?gﬂw 3.11

Serislizable

MutantFileManager

I
+ setCnginalFolder(File) :void u

‘ ge‘tltnlutanﬂ:ulde ath(} : String

AUE m&iﬂﬁlﬂﬂi

void

#lleD svoid , @S
ammﬂ'azm HE1INNaY
+ processDeplayCriginal(String) :void
- unzipOriginal(} :void
+ deployMutantiMutant, String) :void
+ deployOriginal(String) :void
+ unDeploy() ;void
- getFileMameMotExt{String) : String

317 3.11 AaN@ MutantFileManager
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6)  AAN4 MutantList AaAatgRNINTNNALTeaNaT8n17989RILAUT

a
v
o

VUNA WAZANNNIOMIATUIUIBIHILAUTNIGNANARTINNA ASDIAT8IRTUIBTIAWTNYN
NNAAFABANUIUNILAUTIIIVNA AT AR TUIURUAUINYNANA AR NAIAHUNAS
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Serislizable

TestCasze

- pname: String
- id: String

- inputData: String

- expected: String

+ setExpected(String) :void

AU ENANEINS
RIAIATUUB VUL it

T lunimeasudanialuazlsznaullfioasmanisaasnstinaaauianun uazviieyansiasld

TunsBenlfidume e suaviBanrasaaauaninagilin 3.14



Serislizable

TestCasesDetail

- namespace: String

- sewice: String

- operation: String

- endPointhddress: String
-  porlypebame: String

inputArgaylist

\
inpL {1

rascl st

OLIT] |'lll"'_- |_|3

o
f /f'}’ \\\\\\\

ra!.-'Llst T..

+ setOperation(String) -vaid

U1 ﬁﬁﬂﬂswaﬂn‘

+ getln putTyp?Cl Lizt

R AIAIAMINY (A Y

+ setOutputtrgs(List) :void
+ getOutputTypes() : List
+ setOutputTypes(List) :void

s

+ coppyTo(TestCasesDetsil) -void

317 3.14 Aana TestCaseDetail
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9)  AaN4 TestRunner Aa ARNANNUTENRANRUNINAZaLIUILATN

b4 o o a a o a o all
Fuatil uazalunmaaau U suNINEI LAY ’i"]ﬁl@&’ﬂﬂﬂ“ﬂ’ﬂ\‘iﬁ@qﬂLL@ﬂQﬂx‘iqﬁ;ﬂVl 3.15

Serislizable

TestRunner

- mutantFileManager: MutantFileManager
- testCasesDetail: TestCasesDetail

runMs: long

+ 1!//

lanagdr) yetlznager) (void

yLiat() I

- outputdrgs: List= new ArrayList()
NlDesName(} StrinGgn

AU

+ geﬂ’nrtTypeName(} String

- readWsdl() :void

+ getinputtrgs() : List

+ getlnputTypesa() : List

+ getOutputdrgs() : List

+ getOutputTypes() : List

+ getTargetMameszpacel) : String

3171 3.16 AA14 WSDLFileManager
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10) Aan@ WSDLFileManager A8 Aa@nnusininudenalng
o a = a -gi] 1 & o a = =l
suiiageanuas wazdinssidiulsznausneaedlndiuidageanuea 98az88A09
ARAUARIAIZIT 3.16

v
=

11)  AA14 AbstractOperator A8 ARNANI ﬂﬂm?‘ﬁ@uﬂwuﬁﬁu WaZLNTIan

49

9/

(Method) u MUBIAIANHUNTRUNTU 31282 L’r]ilﬂ"llﬂxiﬂ@’]mmﬂﬂﬂ\i?ﬂﬂ 3.17

'Il

:“ .f )’/ / Serializsble

1no) : List<Mutant>

utant=

geﬁ)peratnr(String} - List=String>

#‘%&t{)ﬁ ndex(String) Liatdryg ar>

ﬂu TSN EINAS

'a“ﬂVl 3. 17@@’1@ AbstraciOperator

AR FER AR SCTR

ﬁﬂiﬁlﬁmm’mNmwa‘mimﬂmﬂmuwmmLuumimmmmﬁmmmﬂmmmums

a a 6 o dl = o dl
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AbstractOoerator

Aor

+ Aor()
+ getMutants(Document, String) : List=Mutant=

D

13) Lﬁu%’@gmmﬁqﬁ%ﬁumiﬁqmﬁum
mliinaruiansesinanaeausas i ﬁi@ﬁﬂ@:lﬁﬂmmmmmmmﬁqgﬂ‘ﬁ

3.19
tring) : List=Mutant=
- ';7.—-‘.= 'O-AANYA ()] E:; ’
\"F e AY
14) Ewm 3 95 e AN RINTUANRN e
a 1 - o a a = o dl
ANNHANTDA AL NI TUNINAANTHUNNITINITAL TEATLBEATBIARIAUAAIAIZLN 3.20

11% Vi%lY 4AMEa
.

+ getMutantzs(Document, String) : List=Mutant=

# getModifiedIfiDocument, String) : List=Mutant=

# getModifiedElselfiDocument, String) : List=Mutant=
- replace(String) : List=String>

# getOperator(String) : List=5tring=

1% 3.20 Aa"g LOI
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15)  Aa"4 LOR Aa Aananiudayanessnniiunisdomduninlinia
AR ANTEATAENITUNUAAI AT EIATIN A8 A ATUN T TIRTIN LA D

P1EAZIDUATBIARALANIAIFLN 3.21

AbzstractOopsrator

Lor

Miaetadll ocument Sinng) i utant=
7/

L iy
_
16) #raak ROR . Ao A \\m R R EN L (Yo R tar
a | al 0 a - 5 \ o dll
AvNRAnTasinan TUANTIAN AL TN 31 I* A HUNNIEANAUT B

IUAZIDLATBIAATALARS 31

g

Lil getMutants(Document, String] : Lislmutantb

AULINEATNEINT
WA s e

AR HAUBIAR

18)  Aa1@ MutantManager Aa ARNAT MAUTLSANNTRALAWT

FALIRATAIARNAUARIAITUTN 3.24

a

v
o

19) mand@ DeploymentService A8 AAIENNIUENNAANITNTAARS

TsunsuavAsestlszananaiing :aavBunTeIAaARARIAILN 3.25



Serislizable

Mutant

name: String
- doc: Document
- detail: String
- zipPath: String
- bpelPath: String

- modifiedEx: fString

+ getTakeBy() Ab:atrac:‘toperatnr

ﬂuaﬂawﬁmmm

+ 3etZ|p ath(String) \H:lld

amaammmwmaﬂ

+ saveAs(String, String) cvoid
+ get¥mlString() : String

1% 3.23 Aa4 Mutant
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MutantManager

- originalBpel: Document = null
- originalFileMame: String
- mutants: List=Mutant> = new ArrayList=i...

- prefix: String = null

agetOriginalBrel() ; Document

,‘-w 3.25 AaN4 DeploymentService
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Funlfiuian applyOps Waldssnfiunstamdulunisaiefounud  selfununin
Aanssusssieliilunisedtnaniadaulasdinaiaesting

1.1) TuquumﬂqLLmumwﬁ@ﬂﬁﬂugﬂﬁ 3.27 - 3.31 Wlusaagng
LLNuﬂﬂWﬁﬂ%mﬂLuﬁﬂm getModifiedlf (Document original,String prefix)

getModifiedElself(Document original,String prefix) getModifiedWhile(Document

original ,String prefix) getModified ocument original,String prefix) Way

getModifiedSource(Docume AFUAIALTNNNTHNT U AOR

—
————

% InputFileBacking [| WSDLFileManager M E x\“‘“\"\‘\.\\ tractOperator MutantList

LOR ez ROR

[
u pload() ref

Input Original Program

submit()

generatelutant() :String

|
n menL String) :List<Mutant>

'
gewumnm
—J]‘—_l geNDd\ﬁedlf(Dncument, String) :List=Mutant=
) 1 1t F e ) geNDd\ﬁedElse\F(DDcument, String) :List<Mutant>
-
T ~
= geiMDdlﬁth\\e(Dﬂcument, String) :List=Mutant>

I
geWRep&atUnhl[DuﬁumenL String) :List<Mutant>

|
ifi e(Document, String) :List<Mutant=

|

| setMutantsfList=core mutation Mutant= |
I
|
|
coppyAliFile() '
|
|
zipAlIMutants() :
|

g"ﬂﬁ 3.26 WEUNIWANAL Generate Mutants

S I
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Ei:ﬁMulantTuRe’rum = new ArquisKMLﬂanH))

taghame=if
conditionTagMame="condition”

[prefix==null]

é [prefix=null] [ ]
tagMame = prefix + ™" + tagName

conditionTagName = prefic + =" +

conditionTagName J

listMutantToReturn.add(m)

Mutant m = new Mutant()

m.setDoc(medified Doc
m.seiOriginaIElp(DriginalCDnditiun)
m.setModifiedExp(modifiedCondi J

EmnditionNode.setTadCDntent{origina\ at
original cloneNodeltrue)

: W/

E:r\ditinnNodeﬁmTatCnment(mdiﬁean dition)] ©

M
[k = modifiedConditionList size()]

‘ [k >= modifiedCanditionLi

[modifiedConditionList == null

[ modifiedDoc = (Document)

[j=thiz getOperatora() size()]

[modifiedConditionList =,

ngth(]]

conditionNode =
childNedelistitem(j) break

)

1

M equals(onnditinnTagName}]
s

ENSNYINT

[childMadeList.itemi]).getNodeName().

66
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?

Eis‘ﬂ\ﬂmantToRetum = new HmLinmanI’;(:)

tagName="elseif
conditionTagMame="condition’

refil=null
é fpref=null {tagl\lame= prefix +'.‘+tagName]

[prefie==null] ¢

conditionTagMame = prefic + " +
conditionTagName

Mutant m = new Mutant()

m setDoc(modifiedDoc)
m.setOriginalExp(eriginalCeondition) |
m setModified Exp(modifisdCondition

1

E:onditionNDde.setTa(tCDntent{original -ﬁ
modifiedDoc = (Document)
original.cloneMode(true)

E:DrvditiunNDde.sEiTeutCDntent{ n ed

M
[k = modifiedConditionList.size()]

[k == modifiedConditionLizt&ize().

D)

[childModeList.item(]).getModeMName().
‘a v .
m jEuals(canditiopfiaghame]]
i a
null] conditionMode =
mpdifiedConditienList 1= null] ’ aactist fomi]) break

AINYNA Y

gﬂ‘ﬁ 3.28 WNUNINNANTINTBINTIAA getModifiedElself(Document,String) (AOR LOR uazROR)
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4

Eis‘MmantToRetum = new AmLinmanHD

tagName=Wwhile'
conditionTagName="condition’

\% [prefix!=null] [ ]
tagMame = prefix + =" + taghame

[prefc==null]

conditionTagMame = prefic + ™" +
conditionTagName

Mutant m = new Mutant()
m.setDoc(modifiedDoc)
m.setOriginalExploriginal Condition)
m.setModifiedExpimedifiedConditig )]

)

modifiedDoc = (Document)
original.cloneNodeitrue)

M

E.onditionNDde.setTanCDntent(originaICn ﬁ

M4,
] i —
puhileNode l:nuuél

Exlnd itonMode setTextContent{meodified Conditi

N

[k < modifiedConditionList.size()]

conditionMode =
h(] childNedelistitem(j) break

M

[childNodeList.item(j).getModeMName]).

eguals(conditionTagMame]]

31l 3.29 ﬂWﬂM%MN'W%OWQ'éJ Ej)R LORUAZROR)
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b

Eisﬂ\ﬂmantToReth = new AmLinmanH))

tagMame="repeatUntil’
conditionTagName="cendition’

[prefix!=null]

/Ltaghlame = prefic + "7 + tagName]

[prefix==null] v

conditionTagMame = prefic + ™" +
conditionTagName

Mutant m = new Mutant()

m.setDoc(modifiedDoc)
m.setOriginalExploriginalConditic
m.sethModifiedExp(modified Condition)|

)

[ccmd iicnNode setTextContent(criginal Conditic

|
maodifiedDoc = (Document)
original.cloneNode(trus)

E:DnditionNDde.setTadCDntent(mdiﬁadConditi -

) A
[k < modifiedConditionList size (M

’ [k == modifiedCondi %

k=0

'%

)
conditionNode =
childModelistitem(j) break
M

[childMadeList.item(]}.gstNodeMame().

equalz(conditionTagName)]

I
g

wﬁﬁﬂ%

[modifiedConditiviiiat !

AINENT

replace(op1,originalCondition)

modifiedConditionList =
null]

\ 9@ | Fdim¥dIR{ qqﬂﬂqaﬂ

:T'ﬂ‘Vl 3.30 ﬂ:mmwmmmmmmwm ge’[Modnc edRepeatUtil(Document,String) (AOR LOR az ROR)
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?

Eisﬂ\ﬂmantToReth = new AnarLimMm;nH))

v

tagName="source’
conditionTagMame="transitionCondition’

[prefix!=null]
tagName = prefix + " + tagName

[prefix==null]

mndltlnnTagName prefic + *7 +
conditionTagMame

eLizt getleng

Mutant m = new Mutant()
m.setDoc(modifiedDec)
m.setOriginalExploriginal Conditicn
m.setModifiedExp{meodifiedCondition)
i

Eond itionMode setTextContent{original Condition)

il
modifiedDoc = (Document)
original.cloneMode(true)

i

E:nnd iionMode setTextContent(modifiedCondition)

)

< modifiedConditionList.size()] - - ———

conditionMNode =
dhladel ist getl angth()] childNodeListitem(j) break
M

[childModeList.item(]).getNodeMame().

_—
LN INg N

LR INEae

‘equals{conditionTagMName]]

[modifiedCongditionLi

[modifiedConditionList 1= null

replace(op? ,ul'iginaICcl‘;tion]

q
917 3.31 iU wiANssNERITian getModifiedSource(Document,String) (AOR LOR uay ROR)

1.2)  Tudrusasuauninianssalugiln 3.32 - 3.36 Wlusating
WHUNNABBLN e R A getModifiedlf(Document original,String prefix)

getModifiedElself(Document original,String prefix) getModifiedWhile(Document
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original ,String prefix) getModifiedRepeatUtil(Document original,String prefix) Was

getModifiedSource(Document original,String prefix)  &11FLsaAHLNNTHANDW LOD

?

Mutant mutant = new Mutant()

tagName="if
mutant.setDoc{modifiedDoc) .conditionTagName="condition’

mutant.setOriginalExp(originalCondition)
mutant setModifiedExp(modifiedExp)

E:DnditiunNDde.seiTatCDnlent{uﬁgina |Condition))

i

modifiedDoc =
(Document)original.cloneNode(true)|

EonditionNDde.setTeﬂCDntem{deiﬁed
modifiedExp =
originalCondition.replace("not”, ™)

[len==2&&
(splitedStra[0] .equals(™)

|| =plitedStrs == null}]

listMutantToReturn.add(mutant) Eim“nﬂﬁmm . J\rrarLisﬁMmanHa

[prefix!=null]
tagName = prefic + ™" + tagName

v

conditionTagName = prefix + =" + J

conditicnTagName

ist==null]
return null

(®)

return listMutantToReturn

- el \
listMutzntToReturn add(mutant) e T . ‘ [ < childNodeList getl sngth(]] [

QRS iant = new Mutani() | fi==childNodelistoctl ol

mutant.eetDoc{modified Doc)
mutant. setOriginalExploriginal Condition)
mutant setModifiedExp(modifiedExp)

()

conditionNode setTextContent(originalCond itiora

)

=+

conditionMode =
childNodeListitem(j) break

J

modifiedDoc =

len =

(Document)original cloneMNaod

1

conditionNode sefTextContent(modifiedExp)

AN TaANT ””._.A'

splitedStrs length

IR

»

[childMNodeList.item(j).getNodeName()

equals(conditionTagName)]

g‘zjﬁ?i 3.32 UHUNINNANIINYadufAan getModifiedIf(Document,String) (LOD)
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listMutantToReturn.add{mutant)| Eisﬂ\ﬂ utantToReturn = new ArrayList=M ulanb{))

tagName="elseif
conditionTagName="condition’

[prefix!=null]
>{-_, = prefic + ™" + L'agName]

[prefix==null] q/

Mutant mutant = new Mutant()

mutant.setDoc{modifiedDoc)

mutant.setOriginalExplcriginal Condition)

mutant setModifiedExp(modifiedExp)

E:nnd itinnNodesetTalCnntem(origina\Cnnditiorﬂ

conditionTaghame = prefic + ™" + J

conditionTagMame
modifiedDoc =
(L

Document)original cloneNode(true) elseifNodelist =

i- ’u t=By TagName(tagName)

Eond itionNode.setTe(lContem{rrndiﬁedExp) [elzeifNodeList==null]

return null

medifiedExp =

originalCondition.replace("not”, ™)|

[len==2 &&
(=plitedStra[0].equals(™)

|| splitedStrs == null)]

return listhutantToReturn

[e>=len]

¥ - [ < childNodeList.getLength()]
lﬁ‘ B4 conditionMode =
listMutantToReturn.add(mutant)| i,

childNodeListitem(j) break

[c=len]
Mutant mutant = new Mutant(}

mutant.setDoc(modifiedDoc)
mutant setOriginalExp(criginal Condition)
mutant setModifiedExp(modifiedExp)

ist.getlength()| /P
[childModeList.item(j).getNodeMName().

‘equals(conditionTagMame)]

)

e —
modifiedDoc = |
(Documentjoriginal cloneNodeftrue; len= W4

M

eplitedStre.length

SNENT

o 4 o
g‘ﬂ‘Vl 3.33 WHUNINNANTINURILNTRA getModifiedElself(Document;String) (LOD)

RAINIUNIIINGTRE



listMutantToReturn.add(mutant})

Mutant mutant = new Mutant{)

mutant.setDoc(medifiedDoc)
mutant setOriginalExp(originalCondition)
mutant setModified Exp(modifiedExp)

1

EonditinnNDde.smTanCDntem(oﬁgi naIConditiora

modifiedDoc =
(Document)original.cloneNode(true))|

[wnditinnNDde.smTanContent(md ifiedEx p)

modifiedExp =
originalCondition.replace("not™, ™)

[len==2 &&
(splitedStrs[0].equals(™}
|| splitedStrs == null)]

[e>=len]

listMutantToReturn.add(mutant)

mutant setOriginalExploriginalCondition)

[c<len]

Mutant mutant = new Mutant()
mutant.setDoc{modifiedDoc)

mutant setModifiedExp(modified Exp)

~.—.
EundiliunNDde.smTaiCDntem(uﬁginalCDrldltan =

medifiedDoc =
(Document)original cloneNode(true))|

b

EisﬂMu‘an{TﬂRﬂum = new ArquisKMuranP{D

tagName=while’
conditionTagName="condition’

73

[prefie==null]

,L.g! = prefig + ™" + T.agName]

v

—

conditionTagMName = prefix + ™7 +
conditionTagName

OFH

modifiedExp =
null

whileNeodelist =

teBy TagName(tagMame)

[whileNodeList==null]

hildMNe 3 List.getLength(]]

ondition =
tent()

splitedSirs.length

return null

()

conditionMNode =
childMedsListitem(]) break

J

[childModeList.item(]).getNodeName().

equals(conditionTaghame)]

SNENT

‘ﬂ 3.34 LLNuJ’l’lWﬂ@ﬂ??NmmLu%m getModifiedWhile(Document;String) (LOD)
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(i - i)

Mutant mutant = new Mutant() tagName="repeatUntilf
cnrvdltlonTagNamB—mnd\tan

mutant.setDoc{modifiedDoc)
mutant.setOriginalExpieriginalCondition)
[prefix!=null]
tagMame = prefix + =" + tagName
[preﬁx——nu\l] ¢

mutant setMod ifiedExp(modifiedExp)
Ennditinnhlndeseﬂaﬁ)nntent(uriginalCDnditionB
conditionTagName = prefic + =" +
/p conditionTaghame
medifiedDoc =

EDDmeent)nriginal c\uneNode(h’ueJ speatiintiiNodsList =
1 ant=By TagName(tagName)

Eond itionNode setTextContent(mod iﬁedExp)

modifiedExp =
originalCondition.replace("not”, ™)

[len ==2&&
(aplitedStra[0].equals(™)
|| =plitedStrs == null)]

'-M\‘\ ()
AN

oo ff PAETE '1“

: |
[c=<len] e ildMadeList getlength()] /l\
[childNodeList.item(j).getNodeName().

conditionNede =
[i = childNodeL ist.getlengthi}] childNodeListitem(j) break

listMutantToReturn.add(mutant)

Mutant mutant = new Mutant()
mutant.setDoc(modifiedDoc)
mutant.setOriginalExp(original Condition)

modifiedExp = equals(conditionTaghame)]

mutant setModifiedExp(modifiedExp)

M

Eund itionNode.setTextContent(original Condition, i

1

modifiedDoc =
(Document)original cloneNode(true)|

[i==len]

t

splitedStre.length

conditionMode.setTextConten|

?

TR ST T T

2
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listMutantToReturn.add(mutant) EisﬂtﬂmantTnRemm = new ArrayList<Mu|ant>())
v

Mutant mutant = new Mutant(} tagName="scurce’
col "

mutant setDoc{modifiedDoc) nditionTagName="transiticnConditio:

mutant.setOriginalExploriginal Condition)

[prefic=null] _‘r

mutant.setMedifiedExp(modifiedExp) V4 ,L_, = prefix + ™" + tagName

/I\ [prefie==null] ¢

E:undHiunNDde.setTaiCuntenl(ﬂﬁginalCﬂnditiDn] conditionTaghame = prefix + =" +
’l\ conditionTagName
modifiedDoc =
sourceMNodelist =
(Document)original.cloneMode(true)
ementsBy TagName(tagName)

A

ExmditionNode setTEltCﬂment(madiﬁadExpD

"'r [sourceModeList==null]
" g return null
lr i=tl
I

(®

return listMutantToReturn

h\“

medifiedExp = («
originalCondition.replace("not”, ™)| 0

[len==2&&
(zplitedStre[0].equals(™)
|| splitedStrs == null}]

e+

conditionNode =

listMutantToReturn.add(mutant)

X i < childNodeList.getLength()] [

childModelList.item(j} break

J

[c<len]

modifiedExp = 3 - childNageList getlength)] [childNodeList item(]) getNodeName()
mutant.setDocimodifiedDoc) L -
null = < equals(conditionTagName)]
imutant.setOriginalExploriginal Condition) T o g " 4
- o o c

Mutant mutant = new Mutant()

mutant setModifiedExp(modifiedExp)

Ya
EonditinnNDde.setTe(lContent(arigina\Condition M
medifiedDoc = ‘
(Document)original.cloneNodeitrue)| [i>=len]

I

conditionNode setTextContent{modifiedExp)

g‘ﬂﬁ 3.36 LLmﬂmwﬁ@ﬂ’a"mﬂmLu%m getModifie@ource(Documqgi,String) (LOD)

RANIUNRINA Y

BuNUNINNANgINlug 3.37 - 3.41 lusineting
LLNumWﬁﬂ%mﬂLu‘ﬁﬂm getModifiedIf(Document original,String prefix)
getModifiedElself(Document original,String prefix) getModifiedWhile(Document
original ,String prefix) getModifiedRepeatUtil(Document original,String prefix) has

getModifiedSource(Document original,String prefix) ~ &13UsA2ANLNNTRNAUNTY LOI
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¢

Eis‘tM utantTeReturn = new ArrayList=M utanHD

tagMame="if
conditionTagName="condition”

% [prefix!=null] [ ]
tagName = prefix + ™" + tagName

listhMutantToReturn.add(m) [prefix==null]

conditienTagName = prefic + ™" +
Mutant m = new Mutant(} conditienTagName ]
m.setDoc(modifiedDoc)
m.setModifiedExp(modifiedExp)

_setOriginalExp(original Condition) | T (F

1

criginal setTextContent(eriginalCondition)f

——
(Documentloricinal cloneNod ‘y /

conditionNode sefTextContent m

Ele aght=ByTagName(tagName)

- —=null]

modifiedExp = “not(™+original

listhutantToReturn.addi{m)

Mutant m = new Mutant()

conditionNode =
pathi] childNodeListitem(j) break
m.sethodifiedExp( /|\
m.setOriginalExp(origi 3 o} — "t [childNodeList.item(j).getNodeName().

equals(conditionTagMame]]

m setDoc{modifiedDoc)

=
@riginal.smTaanment{oﬁgi originalCondition h]
conditionNode. getTextContent()

9
188




?

Gis‘tMutantToReh.lm = new ArrayLisKMu‘tanHD

tagName="elseif
conditionTagName="condition’

7

[prefix!=null] \(
/-L-as

= prefic + "7 + t;gName]

listMutantToReturn.add({m)

[prefix==null]

v

Mutant m = new Mutant()

conditionTagMame = prefic + =" +
conditionTagName

m.setDoc(modifiedDoc)
m.setWodifiedExp(modifiedExp)

.setOriginalExp(originalCondition)

1

En’ginal.setTanCnntent(uriginalCundl on, l

modifiedDoc =
(Documentjoriginal cloneNodef;

E:JnditionNode.setTaﬂCuntent{mudi E

%Em)diﬁadExp = "not(™+originalCo

listMutantToReturn.add(m)

Mutant m = new Mutant()
m.setDoc(medifiedDoc) &
m sstModifiedExp(modifie

' ' e
. [ = childNodeList getLehgth(]] [ conditionNods =

childNodeListitem(j) break

)

4‘

[childModeList.item({]).getNodeMNamef().

m.setOriginalExploriginal 5v..
— 1]

’|\ : original Condition 2
En’gi nal setTextContent(criginal Condition)
mnd\tlonhlode .getTextContent()

?

equals(conditionTagMName)]

188

gﬂ‘ﬁ 3.38 WNUNINNANTINIBANTIA getModifiedElself(Document,String) (LOI)
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¢

EismmantTnRemm = new Arqui%Mubnb{D

v

tagName=while’
conditionTagName="condition’

listMutantToReturn.add(m)

Mutant m = new Mutant()
m.setDoc(modifiedDoc)

[prefic==null]

é [prefix!=null] [ ]
tagMame = prefic + ™" + tagName

conditionTagMName = prefix + ™7 +
conditionTagMame

m sethlodifiedExp{modifiedExp)

ainal ge afts
. { eModeList==
-setOriginalExploriginalConditio
_—

modifiedDoc =
(Document)original cloneM

conditionNode setTextCo

listMutantToReturn.add(m)
conditionNeode =
[i = childModelist. getLength()]
Mutant m = new Mutant(} i childNodeListitem(j) break
et modifi
m.setDoc{madifi e e W /[\
m.setModifisdExp N [childNadeList item(j).getNodeName().
m.setOriginalExploriging 1 equals(conditionTagMame)]
i
originalCondiian
onglnal.setTadCDntent{onglna ndition)
mndltlonNDde .getTextContent()

ANYNT

[i=modifiedExps.sizel)] ¥

L’%W i “ﬁ‘ﬁﬂ AU

(Document)ori |

319 3.39 ununnAanssNaasiufian getModifiedWhile(Document,String) (LOI)
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?

Eisﬂ\ﬂmantToRetum = new ﬁnarLinu‘tant;(a

tagName="repeatUtil"
conditionTagName="condition’

[prefix!=null]
{taghlame = prefix + ™" + tagNamE]

[prefix==null] 4/

listhMutantToReturn add(m)

Mutant m = new Mutant()

conditionTagMame = prefix + =" +
conditionTagMame

m.setDocimedifiedDoc)

m.setModifiedExp(modifiedExp) N = pe=iliNodeL ist =

.setOriginal Exp(original Condition) lame(tagName)

/P oy, . =null]
Eﬁginal.setTaﬂCnntent{uﬁginal cnditi d

modifiedDoc =

(Document)original.clons! ‘
conditionNode.setfTextContent( -‘%

[

listMutantToReturn.add({m)

conditionMNode =
Mutant m = new Mutant() : a [ childModeListitem(j) break ]
m.setDoc(modifiel ' Il\
m.setModifiedExp(mo
m.setOriginalExploriginal

T
3 originalCondition. .’”
Gnglnal.setTaﬂCDntent(ungma'_,undltlun]' conditionNode getTextContent()

PN NENT

[i=modifiedExps.zize()]

conditionNDde.setTadCuntent(mudiﬁedExp;\'/ =
= -
rq .

| 18

U7 3.40 urunINAANgINTBLNTIaN getModifiedRepeatUtil(Document,String) (LOI)
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Eisﬁ\ﬂmantToRetum = new AnqLinmantﬁ(D

]

tagName="source’
conditionTagName=transiticnCondition”

80

[prefix==null]

ﬁ [prefixi=null] [ )
tagName = prefic + =" + tagName

listhMutantTeReturn.add(m)

conditionTagMame = prefic + =" + J

conditionTagName

Mutant m = new Mutant()

m.setDoc{modifiedDoc)
m.setModifiedExp(modifiedExp
_setOriginalExp(originalCondition

“ D
i, \x\%
) ) s

d = - = [} = childNodeList.getl}

Mutant m = new Mutant()
m.setDoc(medifi

| [ == childhodelist aetbengthl[]

m.setModifiedExp( pe—— = = Iy
m setOriginalExp(origin® »

P
1 ] ariginalCondition =
Er‘iginalsetTaﬂCnntent{nrigi

" i#
mnn) conditionMode. getTextContent()

[i=modifiedExps.aize()]

AN

conditionNode =

)

‘ Enath(]
\’ [ childNodeList tem() break
| T

[childNodeList.item(j) getNodeName(].

equals(conditionTagName]]

conditionNods.setTextContent(modifiedExp) J< < /s
HN_’? ) "
[i==madifi i

917 3.41 urunnianssnaesuiion getModifiedSource(Document,String) (LOI)
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InputFileBas
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% InputSericelataBacking
Tester |
: submit() :
create() TestCasesDetail
———————— T
setEndPointhddress(String) i
zetinputtrgsiList)

rputTypes(List)

o
%\h{\\ Bace(String)

h\\ -‘: #rgs(List
‘\\“\\ fTypes(List

1..L seMamelString)

x——d—— - {F---O--CO —d——d

mumwa Ll Input Test Cases &ﬂﬂ 3.44 Mﬂx‘lf‘*ﬂﬂVI‘lﬂQLﬂﬁ"]vM
lnanTauLAaY ﬁ’il %4 LN@N‘V]@ZQ@‘LIﬂi‘@ﬂ?I@N@
neENAGaLILE %‘Uﬁ nn ﬂﬂﬂﬂn ﬂ ﬂﬁﬁj ANTATBINTERNAGEL
ﬂ@?ﬂ@l‘ﬁl'ﬁ?a @ﬂ] mﬂmﬁ 'ﬁv‘z]ﬁ‘u.ﬂ@\?ﬂﬂlllﬂﬂ[ﬂ

TestCase LANATENTAN LA AT RNAABUATNITA mm@mn?mwmﬂunaumiﬂ

©
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% InputTestCazesBac kingl

|
[far 2ll test cases]
I savelC() String

st Cases

drogram  A93UN 3.45  1flun13Raea

U

. o 1 <3 [ = ii;‘f'r i S 3
Tisunsn deinlaacnudaviansd Deployment paiFaNLuTian deploy

deployMutarifMatant, String) | 0

ARIAIN T

317 3.45 unun WAAU Deploy Program

6)  UWNUATWAIAL Undeploy Program #a3i# 3.46 1funnsmisasa

a

T1lsunsu @i inasudasians DeploymentService TnaBaniuiian undeploy
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MutantFileManager

unDeploy()

DeploymentSenice

|
|
Beploy(String) :Boolean :
[ ]
|

2rogram

7) g ilsinsufueliy
wazllsunsndoumuyiil TGVl \ estRuner  Tnedauianfiazda
¥idauians Deployment Aoaeninnnsen e FRavesldsungy

o =~ JRyy y o =2 cau
NARBUAILNTUNARBUNEN AN LAHNANITNARDLILLAD R9dali

faLLans DeploymentSe NEYI I T AABLIAUATLINILALYIYIN
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]
[

{

AULINENINYINS
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InputTestCasesBacking
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MutantFileManager

DeploymentSewice

BPEL Beru er

T
|
runTestMutants(} :String

P

3.4.4 TERIUNAR

mqmnmmiﬁmﬁ :

AP
@mwmuma“wm G

AMFUNHTINAAY,

TestRunner

T
| deploy()

F11979% 3.10 gﬂmemjmm

ref

Deploy Program
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————————— —

Undeploy Program
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1)

9600 2.80
”Lum (4.00 GB)
2)
system) T lpstanidulnadidndn
Inaadunua lmafiauna 3 (Microsoft ' 0 rofessional Service Pack 3)

a1l 1afa FUAUFUTNWRUINIHIR1919Y

q

2.2)

ALUBIANT (Eclipse IDE for J
2 : 4”5

114N 1IWENUN

m N1 (Java

ﬂuaﬁmﬁ%“ﬁ 2o SN

Tomcat 6.0)

q RBIRIUURAI DYV 15 e

v
Q o

ODE 1.3) RAFILU ANNIINANLATN 6.0
2.6) BUUaEes (Web browser) Haadaanlwanand 3.5 (Mozilla

Firefox 3.5)
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U
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4.2.1 Wi uploadFile.jsf

i1 uploadFile jsf uameAagli 4.2 MElun1sdnivanlidsiuaiunaglu

s l&EW(Zip) Tenneluwilsznavllfaaanasima wnasaudiageadues uazenans
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4.2.2 Wi inQuMutationOperato&ysf
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a
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AntiunaRamdun iAo N1 luewideina 5 6 uazileliaaniiu Generate Mutants

a

D

v
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Siuwauun sssuny o oFEL

Select Mutation operators

AOR
LOD
LOI
LOR

W
\

4.2.3 Wi inputSe

wikwjnputServiceData st . 4 ’fil,ﬁfrﬂ {1 lAnsandesya
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Jiuvauun sesuiy i aFEL

Operation |geﬂ' riangleType
Endpoint A |htrn +:3080 riangle
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Ciuvauun sssuny tw areL

Service Data.

Namespace : |ttp:/isample.bpel org/bpelisample
Service : [TriangleService

Operation : [getTriangleType

Endpoint Address : |http:-‘ﬂncarmst:aﬂamﬂa{pmoessesﬁriangle

PortType name : |Triangle

1
2
3
4

Isosceles

A1

al

les
les
Equilateral
les
ible

Impossi-
Isoscel

Result

pass
pass
pass
pass
pass
pass
pass
pass
pass

pass

e s

AN A NEANINAE

4.2.5 %N runTestMutants.jsf

o

[ %

Aegin 46 wllHazunann1sAANTLN Test  mutants 289Ut

inputTestCases.jsf AagL7l 4.5 i runTestMutant jsf B l1Nad3liilsunsuvinnimagsau
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NunuiyiaruaALasasaINnAdeL FeuieauillATadNeasNINITUAASI1ENUNANIS

naaauAtAat1lugLn 4.7

I\.f | [ =

A8 S
Jadvauun | eo

2

o

arel

Run test mutants.

Run Test Mutans

Name

LOR_If_O

LOR_If_1

LOR_I 2

LOR_If_3

LOR_If_4

LOR_¥ 5

LOR_If_6

LOR_If_7

Killed

false

false

false

false

false

false

false

AIE

Original Exp.

$|npu‘i Aor

or $input.C > 100

$input.A + $input.B ==

w C <
%iny H LA or $input.A

$input.C <=0 or $:npuLA > I{}O or $mpu’( B > 100

or $inpl C = 100

$input. m B <= $mpm Caor $mpw+

or $input.C > 100

r

Modified Exp.

$input.A + $input.B <= $input.C and $input.A +
input.C <= $input.B or $input.B + $input.C <=

0 or $input.A > 100 or $input.B > 100 or $input.C

B or $input.B + $input.C <= $input.A and
<=0 or $input.B <=0 or $input.C <=0 or
LA = 100 or $input.B > 100 or $input.C > 100

A + $input.B <= $input.C or $input.A + $input.C
B or $input.B + $input.C <= $input.A or
<=0 and $input.B <=0 or $input.C <=0 or
A > 100 or $input.B > 100 or $input.C > 100

<= $input.B or $input.B + $input.C <= $input.A or
‘Sinput.A <=0 or $input.B <= 0 and $input.C <=0 or
$input.A > 100 or $input.B > 100 or $input.C > 100

input.Bor $input.B + $input.C <= $input.A or
0 or $input.B <=0 or $input.C <=0 and
’ or $input.B > 100 or $input.C > 100

B or $input.B + $input.C <= $input.A or
| == 0 or $input.B <=0 or $input.C <=0 or
' $input.A > 100 and $input.B > 100 or $input.C > 100

= $input.C or $input.A + $input.C

.B + $input.C <= $input.A or

ut.B <=0 or $input.C <=0 or
£input.B > 100 and $input.C > 100

QW']MTWWM‘I’T’JMH’]@EI

Sinput.A or $input.A <= 0 or $input.B <= 0 or $input.C

$input.B <= $input.C or $input.A + $input.C

input.A + $input.B <= $input.C or $input.A + $input.C.

ginput.A + $input.B <= $input.C or $input.A + $input.C.

+ $input.B <= $input.C or $input.A + $input.C.
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Abstract

Business Process Execution Language (BPEL) is an
XML-based language used for the ..definition.~and
execution of business process by using \Web™ Services.
BPEL is a coordination and composition language for,
Web Services. We propose a technique forstesting BPEL
by using mutation testing. Mutation testing or mutation
analysis is a fault-based testing method for measuring the
adequacy of test cases. We apply mutation/ testing to
BPEL by injecting fault to BPEL document in order.:to
generate mutants. We identify mutation’ operators by
following selective mutation to decrease snumber of
mutation operators. Mutation testing is /(the ~difficult
testing method because mutation testing generates large
number of mutants. Therefore, a prototype of @ mutation
testing tool for BPEL aims at real software projects is
implemented. This tool is used for automaticatty
generating mutants, deploys mutants to BPEL- server,
executes test cases, and reports test results.

Key Words: BPEL, Mutation ©perator, Mutation
Testing, Software Testing

1. Introduction

Service Oriented Architecture, (SOA) .is. software
architecture that separates software to several parts by
responsibility. Each part is called 'service. Each ‘service
uses a loosely coupled integration model to other.
Nowadays, SOA is implemented by, Web Services. Web
Services provide apstantdard means %0f interoperating
between different software “applications, running ‘on“a
variety of platforms and/or frameworks [1]. Web Services
can be accessed over the network by using XML
messages that follow the SOAP standard. The operations
provided by Web Services are written in Web Services
Description Language (WSDL).

WSDL [2] is an XML format for describing network
services as a set of endpoints operating on messages
containing either document-oriented or procedure-
oriented information. The operations and messages are
described abstractly, and then bound to a concrete

network protocol and message format to define an
endpoint. Related concrete endpoints are combined into

© abstract-endpoints (services). WSDL is extensible to

allow description of endpoints and their messages
regardless of what message formats or network protocols
are used for communicating.

Business Process Execution Language (BPEL) is an
XML-based - language used for the definition and

“execution of business process by using Web Services.

BPEL is a coordination and composition language for
Web Services.
' There are several publications that have proposed
testing technique for BPEL [3][4][5].

~The mutation testing has been widely applied to many
programming languages [6][7][8] except BPEL. Thus we
apply- the mutation testing for BPEL, which identifies
mutation operators by following selective mutation for
decrease number of mutants and creates a prototype of a
mutation testing tool for BPEL for demonstration of our
approach.

This paper —is. organized as follows. Section 2
introduces background related to some basics of BPEL,
mutation testing,-and selective mutation. The proposed
applying mutation testing to BPEL is elaborated in section
3. The prototype of a mutation testing tool for BPEL is
shown in section 4.

2/Background

2.1. BPELE

Business Rrocess Execution ‘Language (BPEL) is an
XML-based language fori creating.a process, which is a
set of logical steps called activities that guide a workflow.
Each BPEL activity is equivalent to statement or function
call in structural programming language. Activities are
categorized in basic activities and structured activities.
Basic activities such as receive, reply, assign, and invoke
do discrete tasks. Structured activities such as if,
repeatUntil, foreach, and while specify an order or
condition that affects the circumstance for running a set of
other, embedded activities, which may be basic,
structured, or both [9].



2.2. Mutation testing

Mutation testing or mutation analysis is a fault-based
testing method used for measuring the adequacy of a set
of created test cases [10]. Mutation testing is done by
applying mutation operators to a source program. The
result of applying the mutation operators are new
programs, each containing one fault and is called a
mutant. A mutant is killed when the test result is fail. The
mutants are limited to simple changes on the basis of
coupling effect, which imply that complex faults are
coupled to simple faults in such a way that a test data set
that detect all simple faults in a program will detect most
complex faults[10].

The mutation operators are rule for modifying original
program, for example, would replace an operand by every
other syntactically legal operand, or modify.expressions
by replacing operators and inserting new_operators,. or
deleting the entire statement.

After executing all mutants the tester.is left two.kind
of information. The portions of the mutants that’ die
indicate how well the program has beenstested/[10]. The
live mutants that could not be distinguished. by test cases
from original program are called equivalent mutant, To
assess the adequacy of a test set, thesmutation scare . is
computed as follows.

D

T-E
M = Mutation score, D = Number of dead mutants, T =
Number of total mutants, E = Number of equivalence
mutants
The tester’s main goal is to improve the Mmutation
score to 100% which indicating all mutants has been
detected [11].

2.3. Selective mutation

The 22 mutation operators used by* Mothra system
[12], each generates mutants at differencesrates. Mathur
[13] has proposed selective mutation by, without using. 2
mutation operators that genérate| most imutants! This
method is called 2-selective’ mutation™by Offutt 14}
Offutt [14] has extended to 3-selective, 4-selective and 6-
selective mutation.

Since, results from 3:Selectivey, 4-selective jand | 6-
selective mutation are'not Significantly “difference “from
the original mutation. Offutt [15] has extended selective
mutation by divide the mutation operators that used by
Mothra system to 3 categories based on the syntactic
elements that they modify.

1) Operand Replacement Operators

2) Expression Modification Operators

3) Statement Modification Operators

Specifically, the results indicate that the mutation
operators that replace all operands with all syntactically
legal operands (Operand Replecement Operators) and the
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mutation operators that modify entire statements
(Statement Modification Operators) add very little to the
effectiveness of mutation testing [15].

3. Applying mutation testing to BPEL

3.1. Expression modification operators for BPEL

We designed mutation operators for BPEL by
following the selective mutation approach. The selective
mutation results found that the mutation operators, that
replace all operands with all syntactically legal operands,
and that modify entire statements add very little to the
effectiveness of mutation testing. Therefore we consider
mutationsoperator that modify expressions. We use 5
mutationoperators that are summarized in table 1, and
then discuss each operator in detail.

Table 1: 5 Mutation operators for BPEL

AOR Avrithmetic operator replacement
ROR Relational operator replacement
LOR Logical operator replacement
LOD Logical operator delete

=LOI Logical operator insertion

3.1.1.. AOR: Arithmetic Operator Replacement Inject
fault by replacing each arithmetic operator (+, -, *, div,
mod) with each other arithmetic operator that is
syn_tactlically legal.

3.1.2. ROR: Relational Operator Replacement Inject
fault by replacing each relational operator (=, !=, >, <, >=,
<=) with each J/other relational operator that Iis
syniaciically legal.

3.1.3. LOR: Logical Operator Replacement Inject fault
by replacing each.conditional operator (and, or) with each
other conditional operator that is syntactically legal.

3.1:45 LOD: | Logical| Operator Delete Inject fault by
deleting unary logical operator (not).

3.1.5. LO¥= Logical Operator'Insertion Inject fault by
inserting‘unary logical operaier (not).

3.2. Modifying BPEL Expressions

WS-BPEL specification [16] defined 5 expressions.
These expressions may occur in both the basic and the
structured activities.

3.2.1. Boolean expressions may occur in transition, join,
while, and if activities.

3.2.2. Deadline expressions may occur in until
expression of onAlarm and wait activities.



3.2.3. Duration expressions may occur in for expression
of onAlarm and wait activities, and repeatEvery
expression of onAlarm activities.

3.2.4. Unsigned Integer expressions may occur in
startCounterValue, finalCounterValue, and branches
element in forEach activities.

3.2.5 General expressions may occur in assign activities.

The mutation operators can apply to Boolean and
Unsigned integer expressions. Thus, these expressions
will be analyzed by our tool which we will explain in
detail in the following part.

For original program P, each mutant of P.is forms as
result of a single modification of some expression-in-P.
Therefore, each mutant of P differs from the original by
only one mutates expression.

An example of a simple Boolean expression.as figure
1 and 5 mutated expressions that are resultssof applying
the ROR operator as figure 2 by replacing” Thesmore than
operator (>) with each other relational operator (=, I=,<;
>=).

<bpws:if name="1f">
<bpws:assign name="Assign1"validate="no*>
<bpws:copy>
<bpws:from>
<bpws:literal>
A larger than B
</bpws:literal>
</bpws:from>
<bpws:to part="outputMessage"
variable="output" />
</bpws:copy>
</bpws:assign>
<bpws:condition>
<I[CDATA[$input.APart > $input.BPart]]>
</bpws:condition>
</bpws:if>

Figure 1: A simple Boolean expression

The Boolean expressionscansbe-appliedsby the AOR,
ROR, LOR, LOD fand LOI aperator, | The Unsigned
Integer expressions can-be applied by the AOR operator.

4. Mutation testing tool for BPEL

The mutation testing tool is web-based system that is
implemented by wusing JSF (Java Server Faces)
Framework. The BPEL server is Apache ODE is installed
on Apache Tomcat. The BPEL mutation tool differs from
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other mutation tools, since BPEL is executed on BPEL
server while others are executed on the local machine.
Therefore our mutation testing tool uses a Web Service to
deploy the original program and the mutated programs to
BPEL server.

<bpws:condition>
<![CDATA[$input.APart = $input.BPart]]>
</bpws:condition>

<bpws:condition>
<I[CDATA[$input.APart != $input.BPart]]>
</bpws:condition>

<bpws:condition>
<HCDATA[$input.APart < $input.BPart ]]>
<f/bpws:condition>

<bpws:condition>
<I[CDATA[$input.APart >= $input.BPart]]>
</bpws:condition>
<bpws:condition>
<![CDATA[$input.APart <= $input.BPart]]>
</bpws:condition>

Figure 2: 5 mutated expressions

4.1 Architecture of mutation testing tool for
BPEL

Architecture of mutation testing tool for BPEL is
shown in figure 3 and the detail as follows.

43 d—Mutant-generator accepts an original program
(BPEL, WSDL and XSD document) which is zipped and
uploaded by tester. Mutant generator unzips the original
program and generates mutants by converting the BPEL
document to DOM object. The Mutant generator finds the
expressions and applies the mutation operators.

4.1.2. Testlexecution conitroller deploys both the original
and the mutants to BPEL server by using
DeploymentService Web Service which is provided by
Apache @DE! Test cases ‘aré. designed, created, and input
to our|topl by |tester. The' Test! execution controller
retrieves the test cases from test cases database which are
encoded in an xml document that illustrates in figure 4.
The test execution controller invokes Web Service by
using the test cases, collects test results, and report test
results. The test result is total mutant number, killed
mutant number, percentage of killed mutant number in
total mutant number, and execution time.
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Figure 3: Architeeture of r testing tc BPEL
<void proper

‘string=

0.50,50</string>
“void=
5. Example summarized as table 3. The total mutant’s number is 224,

For the demonstration roach we which aretkilled 106 and the eketution time is 403343 ms.
BPEL process: Tria ﬁﬁ?ﬁﬁ\é u w f] Ig 7" El I} a E]
and Shopping Process

5.1. Triangle Process

Triangle Process accepts tree integer parameter a, b,
and c as input. They are taken to be sides of a triangle.
The value of each side is between 1 and 100. The output
of the process is the type of triangle: Scalene, Equilateral,
Isosceles, Right-angled, and Impossible.

Test cases for the Triangle Process are designed as
table 2. Mutant number of each Mutation operator is



Table 2: Test cases for Triangle Process

ID Input Expected Result

1 50,50,1 Isosceles

2 50,50,2 Isosceles

3 50,50,50 Equilateral

4 50,50,99 Isosceles

5 50,50,100 Impossible

6 50,1,50 Isosceles

7 50,2,50 Isosceles

8 50,99,50 Isosceles

9 50,100,50 Impossible

10 1,50,50 Isosceles

11 2,50,50 Isosceles

12 99,50,50 Isosceles

13 | 100,50,50 Impossible

Table 3: Mutant number of Triangle' Process

Operator Mutants Killed Mutants
AOR 60 12
ROR 120 63
LOR 19 7
LOD 0 0
LOI 24 24

5.2. Loan Approval Process

Loan Approval Process is a simple loan approval\Web
Service that accepts loan request from customers:
Customers of the service send their loan requests,
including personal information and amount+ being
requested. The process result is Approved or Rejected:

Test cases for the Loan Approval Process are designed
as table 4. Mutant number of each mutation operator is
summarized as table 5. The total mutant’s number is 43,
which are killed 28 and the execution time is 113218 ms.

Table 4: Test cases for Loan Approyval Process

ID Input Expected Result
1 500000,D,3 Approved
2 500000,D,4 Approved
3 500000,D,12 Approved
4 500000,D,35 Approved
5 500000,D,36 Approved
6 500000/A712 Rejected
7 500000,B;12 Approved
8 500000,CJ/12 Approved
9 10000,D,12 Approved
10 10001,D,12 Approved
11 999999,D,12 Approved
12 1000000,D,12 Approved

ID Input Expected Result
i Al ProductA Shopl
2 A2,ProductA Shop2
B A3,ProductA Shop3
Fi 4 B1,ProductB Shopl
3 14’5 B2,ProductB Shop2
f 6 B3,ProductB Shop3
o o C1,ProductC Shopl
8 C2,ProductC Shop3
4449 C3,ProductC Shop2
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Table 5: Mutant number of Loan Approval Process

Operator Mutants Killed Mutants
AOR 0 0
ROR 35 20
LOR 1 1
LOD 0 0
LOI 7 7

5.3. Shopping Process

Shopping process as is a shopping Web Service that
accepts goods information and returns the lowest price
shop hame.

Test eases for the Shopping Process are designed as
table~6. Mutant number of each mutation operator is
summarizes as table 7. The total mutant’s number is 24,

* which are killed 19 and the execution time is 178078 ms.

Table 6: Test cases for Shopping Process

~ Table 7: Mutant number of Shopping Process

|| Operator Mutants Killed Mutants
~_AOR 0 0
ROR /20 15
LOR 0 0
LOD 0 0
LOI 4 4

6.“Conclusion

We| have proposed ‘astechnique to testing BPEL by
using mutation testing. We have identified five mutation
operators by following the selective approach that can be
applied tozthe BPEL document'by modifying the BPEL
expressions; For the'demanstration our approach, we have
created| a prototype of a mutation testing tool for BPEL,
which is able to automatically generating mutants,
deploys mutants to BPEL server, invokes service by using
test cases, and reports test results. Finally, we have
created 3 BPEL processes for the demonstration our tool.
The testing results from our 3 BPEL processes indicate
that our tool can detect inadequately of our test cases,
although use only 5 mutation operators which the
execution time is satisfactory.
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