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Chatri Ngambenchawong : A Weak Mutation Testing Tool for BPMN.

Advisor: Assoc. Prof. Taratip Suwannasart, Ph.D.

Business Process Model and Notation (BPMN) is a model that describes a
business process and is developed for processing on a BPMN Engine. It is necessary
to verify the correctness of the process. Therefore, there are some proposed
researches on the test case generation techniques for BPMN models. Mutation
Testing is a technique to evaluate the quality of test cases. However, the major

disadvantage is expensive computational cost and time.

This research proposed an analysis of the mutation operator for BPMN
that can apply for weak mutation testing technique and proposes a tool called
WeMuBPMN for mutant generation based on weak mutation testing technique
which can generate mutants, deploy mutants on BPMN Engine automatically. The
tool can report results which are dead mutants, live mutants, execution time,
mutation score, and test effectiveness. We test this tool with 8 BPMN Models. The
tool can generate mutant by using 25 mutation operators, but only 13 mutation

operators can test on BPMN Engine.

Field of Study:  Software Engineering Student's Signature ........ccccocoevevinennnne.

Academic Year: 2019 Advisor's Signature .......cccoeeeveveeeenen.
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TUsunsy taenisuaasukuuiimdudunisldatenanatnasldlulusunsy wislman
Y a a ‘3! d' 1 d" d' 1Y a g.’/ = I a
Tonananiiemilsidenilalusunsy wazlusunsuignldderanainasluiugniseniii
waus (Mutant) Fansasreluauiiuiivuimeignivualianddidunsiundu 91ae
lddaranainguuuulaaslulusunsuladng wu nislddeRanatndszinndianiunismis
ANRAEns Inensildsuiiandunisneadiaenans +, -, ¥,/ ¥39 1anais (%) ludnaidn
fean1sUsUAgUY

Yo

NUITY [3] wuswlunn1sAnyIsnIsaasulldadunien wingyedslamd

o w

Nd1AyreIN1INAgeuNIfedldisany wasnineinsnAeudieas elatiawide [4] wue

aq a 7

Wnsiafiundu (Weak Mutation Testing) Falunislddeinnainasiugenduas Tusesu

N 3o AoNlWLLLY (Component)



NI “Mutation Operators in BPMN Model” [5] laauasiniiunisannsu
wuusianadfidudu Tnsutsussamvasfadnidumsfomn 4 suuuy Toud fasidunisio
wduitszyAiauys (Identifier Mutation Operator) fhanidunisiiamduiszyinaviteuly
(Expression Mutation Operator) A2@1b{UN15AINTULTIAINTIY (Activity Mutation
Operator) uay fdunsianduiisaiudesniulazianisal (Exception and Event
Mutation Operators) wagldldnsnageuuuvansesfinndu etadsniunisiomduus
aviannsaaaiuaurildivinlnsannuuuiiaesiidawienly winismeasuansesfiamdud

Y =]

Jadgludruaududsaneiiunisnseyinnis (Computational Cost) Faludasinves
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NUITeULAAIIERAIA T UNITENNTUVBILU U180 N D UDUY [5] has@nen
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wuudraesdieuunldlunismageudenduluniuninsgiuves Object
Management Group 1395%9u 2.0.2 [1]

° Aa @ & Ao ~ ~ a v A v 9 a
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\IallanaaaualulsanaaaudIalundulusesulselen ST-WEAK/1 (Statement-
WEAK/1) uagsesunguuseloa BB-WEAK/1(Basic-Block-WEAK/1) uag BB-WEAK/N
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2.1 nufningitas

2.1.1 Mwendiouuea (Extensible Markup Language %38 XML)
Mwendiduuea (Extensible Markup Language %38 XML) [22] iun1wingu
N ¢ A g v o v = a v v - a
wsn-enndynUszasdivelvimnudaaulunisiineazideaneiiutoya vsenginssy
wazgnlfiiudenansdmsunisuaniasudeyarussuuiniotnenauiiames 17 wu
nswaniigudeyasenitemauiiamesnldssuuudanis nielusunsuuszenai
] YT ¢ o as ¢ ¢ =
waneinae i udu Fanrwendiduneagninwilagidaliiunsugesiiies (World
Wild Web Consortium %38 W3C) [23] 91nn15uin1wieaiidunes (Standard
Generalized Markup Language %38 SGML) [24] Ingananududoutailasiding uaz
UudsdimanzaudumsianiUaeudeyaniussuuinsetieneuiines
¢ < < a S 1 J 1%
Mwnendidnneadunimndeudangu ansanmuasuiuy aglasiasng
Touonansla 31nnsimundeudin (Tag) wazwenn3dan (Attribute) lnsienansgn
aiuintusssegluzuuuuigndes (Well-formed) Failanwag fsil
f v a ¢ o A v v @ .
1) tenansiendiduneadadin1susenaetu visensiinsviasnuse(Encoding)

Aelduinfilaseasns <2 xml 2> f9nInd 2-1

|<?xml version="1.0" encoding="UTF-8"?>

‘:4' o | =]
ANNN 2-1 AI9E1NNNTUTENALDNATLENLONLDE

¢ Y a & A« Y & Iy} ‘:4'
2) L@ﬂaqil@ﬂ"m@ﬂLL@@W@\?QJLLWﬂWLUUﬁ’]ﬂI@ WYY 1 AR 1 LDNATT ASNINN 2-2

<?xml version="1.0" encoding="UTF-8"?>
<catalog>
<book id="bk1l01">
<author>Bruce Silver</author>
<title>Bpmn Method and Style, 2nd Edition</title>
<genre>Computer</genre>
<price>39.95</price>
<publish date>2011-10-17</publish date>
</book>
</catalog>

AN 2-2 eEg19N1sUTEAARANTIN
PNAMTA 2-2 UNn <catalog> yhuthduuiinsinfiuseneulumesuiin <book>

11U 1 90



3) nasendduwealuldardduud Wellkinide wasdesiwinlaaiuiaus 1ag

Y
& a 2 @& aad = & a I a 4:4' « sy v &
WANUA A WANNNIDLNUDULNNLUA LANNITINLLATDINUY “/”7 NBUNRUIYBLLNN

aulAsaasne winde doya wazuwiinla fennd 2-3

<?xml version="1.0" encoding="UTF-8"?>
<catalog>
<book id="bk1l01">
<author>Bruce Silver</author>
<title>Bpmn Method and Style, 2nd Edition</title>
<genre>Computer</genre>
<price>39.95</price>
<publish date>2011-10-17</publish_date>
</book>
</catalog>

NN 2-3 Fegauinde Lasuinla
NATNT 2-3 Ladin1sUsEneLdin <author> a7 @il </author> APIEHE
= aa 13 I <@ . 1o v Y
W38 UNBAUA 1 win<price> lddnludosiivoya

4) enastandiduneanadluiinisuseniawinle wazwinUaasounu FanInm 2-4

<?xml version="1.0" encoding="UTF-8"?>
<catalog>
<book id="bk1l03">
<author>Norman Fenton, James Bieman
<title>Software Metrics: A Rigorous and Practical
Approach, Third Edition
</author>
</title>
<genre>Computer</genre>
<price>52.99</price>
<publish date>2014-10-01</publish_date>
</book>
</catalog>

Al 2-4 degrenisusenmeaunnda uazuinUanseui
NAMT 2-4 Wil <title> Negneldiuiin <author> lanunsauseniarsouriule

5)  N5USENALEANIUIS GaUsenan1eluninayinti f3nInd 2-5

<?xml version="1.0" encoding="UTF-8"?>
<catalog>
<book id="bk104">
<author>Frederick P. Brooks Jr</author>
<title>The Mythical Man-Month: Essays on Software
Engineering, Anniversary Edition (2nd Edition)</title>
<genre>Computer</genre>
<price>29.88r</price>
<publish date>1995-08-12</publish date>
</book>
</catalog>

AN 2-5 e 1an1sUTENALEANI UM
NN 2-5 wann3Uad id gnusene wazlinnsrinuarnglauin <book> 39

WWuwinide Taedinsiivuaawindu bk104



2.1.2 wuudassdmeudu (BPMN Model)
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NANT 2 : NT2UIUNNTNAUIANTEINTT (Executable process)

O FYAUN 3 : WUUINBBIALTUNIS(Executable BPMN) WuwuUs18090 Lo
Wuluszaud 1 wee 2 TaunsagnuszanananuasesUszaianaluudIasd
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2.1.3 1ATasUszunanNaluuIaasUneueuy (BPMN Engine)
a o A g I = A A A
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BPMN Designer BPMN Model BPMN Engine
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nsEUIUNISUSENaulUme Start Event, User Task wag End Event

&

HelloWorld
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dsuludiuvesuudrassgninifiuniglduiin <bpmn2:definitions> lng
drureenszuIuNIsgnIaiungliuiin <bpmn2:process> wagdIuNITLaAAINE
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<?xml version="1.0" encoding="UTF-8?>

<bpmn:definitions
xmlns:bpmn="http://www.omg.org/spec/BPMN/20100524/MODEL"
xmlns:bpmndi=http://www.omg.org/spec/BPMN/20100524/DI
xmlns:di="http://www.omg.org/spec/DD/20100524/DI"
xmlns:dc="http://www.omg.org/spec/DD/20100524/DC"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
id="Definitions_1" targetNamespace=http://bpmn.io/schema/bpmn
exporter="Camunda Modeler" exporterVersion="1.11.3">

<bpmn:process id="Process_1" isExecutable="true"> ™
<bpmn:startEvent id="StartEventl">
<bpmn:outgoing>SeqFlowl</bpmn:outgoing>
</bpmn:startEvent>
<bpmn:userTask id="Task@1"™ name="HelloWorld"> y v &
<bpmn:incoming>SeqFlowl</bpmn:incoming> f3UIANY
<bpmn:outgoing>SeqFlow2</bpmn:outgoing> >,__ o
</bzmn:use§TasE> 9 P Boine RRLOEL UL
<bpmn:endEvent id="EndEvent1"> o
<bpmn:incoming>SeqFlow2</bpmn:incoming> NIsUIUNNS
</bpmn:endEvent>
<bpmn:sequenceFlow id="SeqFlowl" sourceRef="StartEventl}
targetRef="Tasko1" />
<bpmn:sequenceFlow id="SeqFlow2" sourceRef="Tasko1"
targetRef="EndEventl"/>
</bpmn:process>
<bpmndi:BPMNDiagram id="BPMNDiagram_1"> -\l
<bpmndi:BPMNPlane id="BPMNPlane_1" bpmnElement="Procesp_1">

<bpmndi:BPMNShape id="_BPMNShape_StartEvent_2"
bpmnElement="StartEventl1">
<dc:Bounds x="173" y="102" width="36" height="36" />
</bpmndi:BPMNShape>
<bpmndi:BPMNShape id="UserTask_0v51061_di"
bpmnElement="Tasko1">
<dc:Bounds x="272" y="80" width="100" height="80" />
</bpmndi:BPMNShape>
<bpmndi:BPMNShape id="EndEventl_di" bpmnElement="EndEvpntl">
<dc:Bounds x="432" y="102" width="36" height="36" />

<bpmndi:BPMNLabel> <dc:Bounds x="450" y="142" width=['0"

] v &
height="12" /></bpmndi:BPMNLabel> d73uaanU
</bpmndi:BPMNShape> i A
<bpmndi:BPMNEdge id="SeqFlowl_di" bpmnElement="SeqFlow;*; TYasIAval

<di:waypoint xsi:type="dc:Point" x="209" y="120" /

<di:waypoint xsi:type="dc:Point" x="272" y="120" / NSHEANING

<bpmndi:BPMNLabel> <dc:Bounds x="240.5" y="99" widfh="0"
height="12" /></bpmndi:BPMNLabel>
</bpmndi:BPMNEdge>
<bpmndi:BPMNEdge id="SeqFlow2_di" bpmnElement="SeqFlowp">
<di:waypoint xsi:type="dc:Point" x="372" y="120" /> kdi:waypoint
xsi:type="dc:Point" x="432" y="120" />
<bpmndi:BPMNLabel><dc:Bounds x="402" y="99" width="0f height="12"
/></bpmndi:BPMNLabel>
</bpmndi:BPMNEdge>
</bpmndi:BPMNPlane>
</bpmndi:BPMNDiagram>
</bpmn:definitions> J

d‘ o ° aa & &
ﬂ?WVl2—9Iﬂiﬂﬁﬁ?ﬂ%aﬂRUUQWﬁ@QUWL@ML@u
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Y a

PO a Y a ¢ o ¢ 1 A )
ﬂaN@WﬁqﬁﬂﬂLaaﬂiﬂiuu’JLLG’]UVIKVLG] LWT]%@J'JLLWUWLL@@QNaaWﬁL%UL@EJ’Jﬂ‘UI‘UiLLﬂﬁll

Y

fuaty dwsuguwuuiannsofinnuianvnla 2 awe taud (1) nstinageu

funtiodldiiene deausannlulalaenisiiunsaineaaulned9nTIwAuUNg
1

—

Y

¥
2/ A b4 =

45197 w38 (2) Mwaunfignadistuduisunuiiauya (Equivalent Mutant)

wIRLNSNeaauLad wedallanusafunutaianatflulauvile

. Input Original Create
X Program (P) Mutant (P')

E=

[All P' killed = Yes

A

Add Test Case

[

Input Test Case

Run Test case
against P

[P Correct ? = No]

<
<

[P Correct ? = Yes]

Run Test case

against P'

Can
add more
est case?

[All P' killed = No] -

Analyze P'

Mark P' as
Equivalent
Mutant

N

AT 2-10 NSLUIUNSNAFBUTUNTU [28]
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ANMSUNISNAAB UL WNTULLNTINLNEIVBIRaL
1) Azuuuiwndy (Mutation Score w38 MS) Falunnsindmiunsraaeuiiyn
NaaauluLieanadnsunagaulUsunsunaulanssly IneaunsamuiuAsLuY

Juntulaainaunisy 1

M 1
MS(P,T) = —% aunI9i 1
M~ My
lagfl P Ao TUsunsufignnaaey
T B YANAFDY
My, Ao FuuveTuaUYITIgne

9 IUIUVBIILAUNTINUA

=
o))}

Ao IIuelILAUIALYA
Tnoitmngvestinnaaeuiiyassmneildaziuuianduiitu 1 Jamneaiiy
1 nadineaeuansaiaadaunuildvanua 1009

2) Uszdnininvesyanaaay (Test Effectiveness 30 E) lngauide [29] 1a
Amunasnnsiiiofnuszavsnmussyanadaey lasuaAadeveansdlnaasui

[

mManduaun (K;) Fsiualaainaunis

A7
nen K, A NATINVRITIUIUATAIVAGDUNAINITATARILAULR
D D IV WAUNTGNTNTA

[

HialAr g vaINIANAaUNNTALILAUNLET 9A1UIUYTEEANSATNVDIYR

NaaaulaNAUNIST 2

E=MS(P,T)x % AN 2

A a

a7l MS(P,T) Ao Azkuuingy

K, A9 ANLRATOINTAUNAFDUNAITATIAUN
T A9 IUIUNTUNAFDUTINNA

3) AIAINNUNIUVDIAIANTUNITHANTU (Mutation Operator Strength 1#3©
MOS) Ta8911398 [30] o nauau1nsind ienaaaudmaniun1stimey 910

nsas1diwauneailunegeuivyanaaeuleieuly anduiaaununiy
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[

YMAUNNYNATINTUINANITAYNMTA INYANAABUTIVIULN LA Fepdy

NUNUYBIFIALIUNSTINTUaINNTAIUlANANNISA 3

#minTests 4'
MOS = #muts—#notKilled qun13nN 3

laedl #minTests AB INUIUVDIYANAADUNUBENFANAUNITOATATIUAUN
A v v o a ~ a
fasnaanndiadunisnauls Tuluswnsuiaula
#muts Ao NUIUVBIILAUNNAS19lANFIR L TRUNTNaUle
#notKilled Ao Inuiuvesiwauauyainliaunsagnidalaainys
yNadU
lngAAIunUNIuYeIiIaiunslunduiiAreglugie 0 8 1 Feden
winiu 1 duwansindudmdudunisiandundanununiugs wazaiunsagn

AdnmednuIuganageuives wazumsinilagnldauluniesds musava

[13] pe

2.1.5 MIsnaaauiaivmdu (Weak Mutation Testing)
NINAEDUNINTY N30 dnTaed Nty (Strong Mutation) Wua1mInlUsIATY
ANUTUTau 917 wiu Jideuly vsedandunisidusiuiuunn dedanalvdalnssy
o a ¥ =~ a o v a Y a
wagnIneInsiasudisas Jeudde (31 WWauewuirAnnislddeianainasly

woudus Tuszdumiiegeoy wie Asulniuuyl (Component) HIAIWH 2-11
P 3

Fault
Mutated .

AN 2-11 ANSNAFDUIATUNTU
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Toedi P Ao TUsunsuAUaTU
C Ao padlniuuigasvaddUsunsy P
C Ao nexlnuwigesiignldteiiananasly
p’ Ao Wswnsudidl ¢ Wudulszneu

dmsumsnageutiudesnislinsdinaaeuainsofumdeianainves C’ oanyn
Tldognetion 1 ads uifir P Swvhaulduasuansnadnsluduneuaaiemiioutu P
wiluauidoves Howden [31] 1 SalaildfuundiuvesnonTnuusifiaiusald
FoRnnanald wirmusdnwarvssneulnuwind TR 5 suiuu laun

1) n1591989aaLUs (Variable Reference)

2) msliAdands (Variable Assignment)

3) Inaunsaalneans (Arithmetic Expression)

4) Gnaulgaduius (Relational Expression)

5) fiwaiuuyau (Boolean Expression)

Nuidy [4] ldn1svg1ea1u9Inauide [31] lag AJ. Offutt lan1nunqe

WSsuisuvasraulniuuy azmaulwuuiiduiauile 4 seau sanind 2-12

EX-WEAK/1

g P

Original : Z ={(A+B) *|(C+D)! |
Mutant : Z =(A+B) *}(C-D) | |

: ST-WEAK/1

. Original : Total=Z2* Z

Mutant : Total =2/ Z
BB-WEAK

a ™ = ¢ a a o
AN 2-12 ‘\(]i@lLU?EJ‘UWlEJUEU@QF’]@NIWLUUV]'U@Qﬂqu]@a@ULLU‘U?ﬂN'JWVUu

1) EX-WEAK/1 (Expression-WEAK/1) {unisilSeuiieudiuiigesigaueslusunsy
Inenisiasudaniiunisluszauiinau (Expression) haglUSoUIBUNEANEUDS
a ¢ al o o a Y &
Tnaungnuily ndsgnantiunisiuua 1 A

2) ST-WEAK/1 (Statement-WEAK/1) Wun1siwasudasniunislusyauiingy
(Expression) uilUSguiigunaansluseaulselen (Statement) naagnaniiuns

TUkdn 1 A5
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3) BB-WEAK/1 (Basic-Block-WEAK/1) iuntsiasusdiunisluseduind
(Expression) walUSeuiiunadnslusgiuuion (Block) masgnaniiunishuuen
1 nfs

4) BB-WEAK/N (Basic-Block-WEAK/N) ilunisiasusasddunislusedudined
(Expression) walUSeuiisunadnsluszauudon (Block) wasgneaiunishuuedn

N Asq

2.1.6 fanilun1siamdu (Mutation Operator)
Frsfunisiundududfidnidelddans uazdunuguuuuaidaiau

gorduasinviianatn lnsgunuuvesteiianaraunniiululuudazawitiuiueg

fulaensel waruwnAndiianldvesnentiug Sainanuddefiiuanlgtinstmuash

sdumsiamiuvesusaznndeansodanaulfiiu 4 nqu fail

ﬂfjuﬁ 1 MUTWNSULUUNTZUIUAES (Procedural Programming Language)

o nwesunIu (Fortran) - 9109 U39 [6] Wannuaatlun1simdudnsy
AMYINDSUNTY Fea1unsantseanld 3 nqu baun Statement analysis,
Predicate analysis kay Coincidental correctness sudsfinswaunadedle
Mothra dmsutielunisnaaeuiingu

o 1w¥ (O - MIde [7] Wmuadasudunsiundudmsunied Fauusldiu
4 ngu lawn Statement Mutation, Operator Mutation, Variable Mutation
way Constant Mutation waza1u3dy [8] Fn1swaunedesile Proteum dmsu
Prglunisvageuiiingy

ﬂﬁjmﬁ 2 M lUsuNTULUULER (Set-Oriented Language)

e Loafuea (SQL) - 1WiTe [9] Ienuasdiiunsiamdudviuieaiinea B
fuunfnisneainniw Fortran waz C Fadunwndenszuinning (procedural
languages) Fslauvsiandunisiumdudu 4 nau loun SQL Clause (SO),
Operator Replacement (OR), NULL(NL) wag Identifier Replacement(IR)
sadslusudse [10] Winsadraadesiie SQLMutation dusutienaaay

Tty wazdla1udde [11] AleUszfiudaidunsimdursanIveaALea
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ﬂfjm?l' 3 My lUsHNSUReIRg (Object-Oriented Programming Language)

® w1919 Uava) - 13T [12] Imnuasadifiunsiumduiiieafunisds
TWsunsudeingld wazlusmAde 113 I6insadandesiio mulava dvsutae
NAFBULUNTY

o nwndunsu (CH) - 1uide [14] Whmuasasndunsiamduresnimndungy 3
Uszgndunainaiudde [12] uagldiinsaiaaiosilo CREAM [15] dmudae
NedaUINTY

o awlwneu (Python) - uide [16] lanmuamisidunisdunduvesniwln
nou MUszyndu1aInaudde (12, 14] wagldifindendunisiamduiidy
Snuasianizvaan1wlnmeousmisnsi 2-1 Jaanssadndunisiumduidu
Snwazianizvesntelnney uarlainisadiaadesile MutPy dwsudaelunis

nagau [17]

a o o a a [ d‘ < [
A15197 2-1 AALRUNNTIINTUNL T USNWAULRNIEVBIN1E by [16]

Python Specific Feature = Mutation Operators

DDL(Decorator Deletion)

Decorators
CDI(Classmethod Decorator Insertion)

SDI(Static method Decorator Insertion)

Collection slice
SIR(Slice Index Removal)

Loop Reversing RIL(Reverse Iteration Loop)

ngufl 4 nwiiuanasulagliendidunea (XML Interchange Formats)

e uuudnassiuilagiea-Umaa (WS-BPEL) - :1u3de [18] lafvuasdisniiuns
fumduresuuudiassiuilagiea-Umasa lagladanquuesiaiiunisiumduy
il leanndanenienuuansisainniwdue waslidnwazvesnsvhaudy
AANTTY wazaudve [19] asruadedle GAmera dmsunisnadeuimduLUU
M3iden (Selective Mutation) wazau3ae [20] @519a3esile WeMuTe dwsu

YIYNAFD UL UNTULUUIAT AT
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® LUUIa0I0NBULAY (BPMN) - 99u3ds [5] lam1unuadiaidunisinmduves

va o = Y a o

wuudnaedidudy Famefideladunaisdeiinnainainnisiiwuuinges

q

o v o a

aa & & 9] No o a a = %
UWL@@JLauvLiJELGUQWU IWEJ@JG]?@WLUU?WW?N'JLWGUU 25 AL UUNT gﬁﬂﬂqll"]iﬂLLUQbL@

Ve 4 ngu loun

=

1) fdnilunmsiiunduiissyaiuys (dentifier Mutation Operator - 1)

a

2) é’h@i’wLﬁumiﬁ’;m%’umzqﬁwaﬁﬁau% (Expression Mutation Operator -
E)
3) faiun1HTULTINANTIY (Activity Mutation Operator - A)
a) hdndumsimduieniudesniiuuagivenisal (Exception and Event
Mutation Operators - X)
MnmsEnwmuidsidunisiimduinulunuide 5200 lildgaiimnly

UAULANIUA LIDINLUIAAVDILAREAILILANANY DI WU NISBILUTBATULT

'
aa v a Y] Y

g Wiemsvinnunianwauzdsnanssy WWusu wrdaddmidunsiamduildannse
Uszgndldaula loun dasndunisfundunssyadiiuys wasdnniiunisiundudn

a ¢ A a A | =
3$U‘UW7\]‘UN@‘U17J ma’lmiﬂwuléﬂummauq YU AW, N1¥I191737, m‘t-}ﬂ‘wwau,

]

o (Y] a = o aa < < 2/
wuuinaesiuilagiea-Uinad wazhuudnaesUnouou {Wumuy
YDNAINLUNUINITNAADUATITUNITTNNTUVDIAaE N1 3nTudIass

wsnslevuiieteanniszvestinvageulilauinian

2.2 ATelieatas
2.2.1 11Uy “Mutation Operators in BPMN Model”

UATulag Phra Pridsadi Tadeesom Wwag Taratip Suwannasart (2017:45-48)

6

[5] TouauadIfdun1simdud nsuuusaasiidueu 1ngisua1nnisiesy

AARANAIANLAATUTULUUIIaDIT N B UL UNT N WU nYIRa Anwinisasiansal

q

NAFDUNITAULUUINADITNAUBY LazAnuIN15as19iIAdun1sTInNTua1nsy

[y v o

wuudnaesiulagioa-Umaa lneisddeimuaidniunisiunduld 25 dduiiunis

1 1

v I v o a a Y 1 !
LLﬁ%l@lLL“U\W]’J@WLu‘UﬂWiiJ’JL‘VI”UU’EJE)ﬂL‘UU 4 nay ‘lﬂLLﬂ

q

o 1 Y

1) dagndunisidimduiszyadiuds (Identifier Mutation Operator) @9

(%
Y A o

AWAUNITABNTUUTLANULIIUIU 2 FIAIHEUNTT AIRANSI9N 2-2
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M399 2-2 M sTmdunseyaiuls

Sd JaRaniuns AN95u1Y

Identifier Value Wagumikusaefkusaunivstanenulu
VR

Replacement <extensionElement>

Identifier different WasumwUsmeawlsaunanesianulu
TR

Type Replacement <extensionElement>

Y

2) fenfiunisianduiisyydnauleuly (Expression Mutation Operator) @3

]

fstdunisiumtulseinniaiunsanuslean 4 Ussinneaey lown

v o a

2.1)  fmenflunsnepdaans (Arithmetic Operator)

v o a

2.2) A dunsIeduRus (Relational Operator)
2.3) FatuNSInNTINA1En3 (Logical Operator)
2.4) fellunisiAeliunal (Deadline Operator)

U o a a U ‘;I‘N o U o a o ‘:‘I
AN WUUNITUINTUUITELNNUNIIUIU 7 SIALUUNT ANRNTIN 2-3

a v o a a v a ¢ a
BTN 2-3 mmLuumimLw%uwizquwwmaﬂm

IhE  YAIRNLUNIT AD5UNY
Expression Arithmetic  [lUagu@alunsnepineans (+, -, %, /, %) 9
EAR
Replacement agiuuwau‘iu <conditionExpression>
Expression Relational  [iUagu@IsiunIsIBeduius (<<=, >,>=, ==, I=)
ERR \
Replacement wagﬁluﬁwaﬂu«onditionExpression>
Expression Logical Wagumanlun1siBewsinmans (and, or) 1ag
ELR
Replacement Tullwaillu <conditionExpression>
U§UszezLI87983 <timerDuration> n1ela
Expression Time N 4
ETA <timerEventDefinition> My 0 ,ATINUIVDILIAN
Adjustment R . r AT
LANLAEANLIANUINNINAURUINUIE
Expression Date UiuTunves <timerDate> nele
EDA
Adjustment <timerEventDefinition> Aeiulusfe
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M50 2-3 fardunsiunduissylinatteuly (ve)

S

JBAIANTUNIS

Expression Repetition

A5 UY

USUd1uIUNIYINg1909 <timerCycle> ngla

<timerEventDefinition> A8 0 #39ATINTIVDY

ERA .
Adjustment IUIULAY
WaZALIAINLINNINANNTINUIY
Usuraeseeziian <timerCycle> nyls
Expression N D oa
ECA <timerEventDefinition> M8 0, ATATINUIVDY

Cycle Adjustment

AMAULAZALIANNINNI AU IUIE

3) fhandunsimdudsianssu (Activity Mutation Operator) @9saaLiiunis

TUNTUUTLANULINUIL 15 Faaduns A9R15199 2-4

AN 2-4 AR LTUASHINTUTAINTTU

s Yadaduiung ‘ A1a5UNY
wWaguAwenvstnd “isSequential” Tu
Activity Sequential .
ASR <multilnstanceLoopCharacteristics> $¥%#34
Replacement
“true” uay “false”
WasuA <loopCardinality> nela
Activity Cardinality N ,
ACR <multilnstancelLoopCharacteristics> a8 0, AN
Replacement N L | T . Do 4
ATNUEUIVDINTUIULANLLASATUTINNINAN AN UINAUIY
Activity Arithmetic Wasugndunsnsedinenans (+ - *, /, %) 7
AAM |replacement in agﬂuﬁwaﬂ Tu <completionCondition> Aeld
MultilnstancelLoop <multilnstancel.oopCharacteristics>
Activity Relational WasUAAWTIUNITITURUS (<<=, >,>=, ==, |=)
ARM [replacement in ﬁagﬁluﬁwf\]ﬂ Tu <completionCondition> aeld
MultilnstancelLoop <multilnstancelL.oopCharacteristics>
Activity Logical Wagumanlun1siBwmsinmans (and, or) 1ag
ALM [replacement in Tutlnail Tu<completionCondition> aeld
MultilnstancelL.oop <multilnstancel.oopCharacteristics>
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ANSN 2-4 FIALTIUNITHNTUTININTTY (D)

Shd YRR iUNT A5 UY

WasuAwenn3tag “testBefore” Tu

Activity .
ATR <standardLoopCharacteristics> 3¢ “true”
Test Replacement
oy “false”

UsuAenn3tag “loopMaximum?” Tu
Activity loop Maximum

AMR <standardLoopCharacteristics> 18 0, A1
Replacement 4)4 s R . Lo o
AINEUIVDINTUIULANLLASATUTINNINAN N UINAUIY
Activity Arithmetic Wasudadfunsmeadinaans (+, - *, /, %) 7
AAS |replacement in agﬂuﬁwaﬂ Tu<loopCondition> n1eld
Standard loop <standardLoopCharacteristics>
Activity Relational wWagumaLIUMIIBEURUS (<<=, >,>=, ==, I=)
ARS |replacement in ﬁag‘iuﬁwaﬁ Tu <loopCondition> Aela
Standard loop <standardLoopCharacteristics>
Activity Logical Wagumaliun1siBewmsnaans (and, or) ag
ALS |replacement in Tutiwail Tu <loopCondition> ngle
Standard loop <standardLoopCharacterisics>
Activity Arithmetic Wagusmawdunsneadinmans (+, -, *, /,%) 9

AAA [replacement in Adhoc agiiuﬁwaﬂ 1u <completionCondition> a1l

subprocess <adHocSubProcess>

Activity Relational WASUAMAWIUNSITIFUNUS (<,<=, >,>=, ==, |=)
ARA |replacement in Adhoc ﬁagﬁluﬁwf\]ﬂ Tu <completionCondition> aeld

subprocess <adHocSubProcess>

Activity Logical Wagudmaiunsi3ewmssneans (and, or) N9g

Y

ALA [replacement in Adhoc |lullwail Tu <completionCondition> ngld

subprocess <adHocSubProcess>




22

AN 2-4 FIANIUNITLWNTUTNINTTY (D)

FAIAIUNIS ANa5sUY

Usuawenn3tag “ordering” Tu
Activity Ordering

AOR <adHocSubProcess> 58119 “Parallel” way
Replacement
“Sequential”
Activity cancel Usuaenn3tag “cancelRemaininginstances”

ARR |Remaining Instances  [lu <adHocSubProcess> 5¥#114 “true” Lay

Replacement “false”

4) fandunisiamduifeatudesniiuikaginnnisal (Exception and Event
Mutation Operators) F3@20 L IUNTHUNTUUTZANTLTIUIU 1 A0 UTUAT A9
MITNAN 2-5

M13199 2-5 faadunsiamdungiutosniiukazman1sel

Shd  YRIATUNIS AU

eXception and event | Usuaueanitnd “behavior” Tu
XBR | Behavior <multiinstanceLoopCharacteristics> 928

Replacement “None”, “One”, “All” wag “Complex”

@

NUITUTINVDINITASNTILAUNINLATIIL BN TITAANITAS 19T ILAUN L UAD
o a a LY al'r-da & a 5 1 o 1 aa & a Y Ly &
ANAUNITHINTUNTANUTINTTAA1ENS (ELR) 8819110 1 ALAUS DUNAUTIAUNUS
(ERR) 9879110 2 AU wazdnaun19nmad1ans (EAR) 9819010 2 fuiud hazea

PensUsEIUNaUsEANSNamA L uN sTwmTunlanmua iy ded

2.2.2 114338 “Quantitative Evaluation of Mutation Operators for WS-BPEL”
u338lag Antonia Estero-Botaro wagasu (2009:97-106) [19] lavnauanns
M3Uszidiudalsnaagunmuesitaiumsdundudmiuiuuinaessiuilagied-
Tnaa 2.0 Aldrvualianeudse (18] waziinsldiedosdle GAmera Faduniosile
dwsunageuiimdusieiinisnadeudindunuunisden (Selective Mutation) 39
Wumallan15andwiuiiuaus @avsunisnageuiuudundy Ineni1sidandn

1%
v

ANAUNTRUNTUNTNANUNNTASI9TILAUN TNITANAUAAIDILEINSTUNISIVY A9l
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1) fedunsiamduasiaiaunitdaunsanaaaula(stillborn mutants)
3ol ?

Y

2) Fsdunisimtulnuiivansauiuisnsiamdunuunsiden

3) fdndumsiamduudasiannsoaisdunuindauniw visls 7

lasnisneasulanaasuiuviuuidnassnuidagiea-Uinaa 2.0 99U 3
WUUT1aD9 LalkA WUUT18098udANINBY, LUUTIRDINAINFUAT LAz UUTIABINTT
Funugn Tnoldia3esilo GAmera [19] @319funudt wasnagoufiwauifunsa
VndeURadaTy Lﬁaaﬂizﬁw%mmmmzﬁmaau

NUAT LAY LaUDLUINIINTNADU warn15UsETuRR LU 5TIngy
B munLInsIadusunsIasasiunsimdule g 3anauive [18]
e Tnensldavuuniiamiy wasUssansnmassnsavageu dslainiseraliluund

2 UBANSNAABULWNTUY — USLANSTNINVBINTUNAADU



UNN 3

AnsaE1eiaun

UNTUALLSUAUMIYNNTUNAUBNITIAF I WRUNITLRNTUANNSUNISNAEBUIATINTU

ATASNTILAUN LAZNINTILVDUAT DI aNAADULUUINADITNLDULEU

3.1 N153RAANTUNISHINTUAINTUNISNAFBUIATNTY
a o v LY} o a a [ o (v o aa & @ Y2 a
INHAVBINUINY [5] ILauafIniunNISEUNTUSINSUBUUINEBITN OB kadelkidl
n1sdnsilUsgandldiunismegeuiadamdu deluluanuideilauifisidunisees
NUITY [5] wagn1snnaauialwndy [4] suuwuifnves AJ. Offutt inuszendld laeiinis
U Y o ° PRt < v a ~ o &
AFIANUNUTBANUAYDILUUINABITNLDLLOU kazlALanIsI8azdenmIUAISIeN 3-1 Aadl
1) EX-WEAK/1 WunsiSeuidisulusgauiingd fuawianmnsagnasne uasnaaouls
ninaifignUsznieluuinvesnuuinaesdidududisil <conditionExpression>,
<timerDuration>, <timerDate>, <timerCycle> W @ ¢ <completionCondition>
Tnadadndunisiamduvesuudiaesdidudulszinnszyafiuys was szy
UnauReuluvianun uagdiadunisiamdudananssuuemausaussynaldiu
N15NAABUIATUNTULUY EX-WEAK/1 lawn IVR, ITR, EAR, ERR, ELR, ETA, EDA,
AAM, ARM, ALM, AAS, ARS, ALS, AAA, ARA gz ALA
2) ST-WEAK/1 WuniswSeuifisvluszsudszleon use AanssuuaIbuuTIand
TNBULDU TaeFAITun1sTUNT UV UUTIaaI0 D ULAUNa U150 19I5 NS
NAFUIANWNTULUU EX-WEAK/1 anansadszendldnisnaaeuiaiundunuy ST-
WEAK/1 Iegufiu saudiediaanfiunisifediutesniiuiazimanisal lawn XBR we
FIA A UNSTINTULTINANTTUUN9E LAKA ASR, ACR, ATR, AMR, AOR wag ARR
Taanunsaldniuszaunisnaasuills 19991NHp90 1R NISNAADUKUY BB-WEAK/1
way BB-WEAK/N lun1svaaausndingne 1y dasiliunis ASR fvasungingsy
299 <multiinstanceLoopCharacteristics> lnauAlulonnitad “isSequential” &3
a ) [y @ Yo 1 | « 99 « 9
fsuuuumehanuluseiuufenlndensening “true” uae “false
3) BB-WEAK/1 tdunisilSeutievluszauvden dalunuuaiansdnduidun
a ~ P ' a - a A ° % P '
Wisuwsuldainnguuesianssy vie Aanssundsvuvuviug taun
<multilnstanceLoopCharacteristics> Wa¥ <standardLoopCharacteristics> 1 #

NUINFIAUAUNITTUNT UV UUI1a0I0 LD UL A UNau1sa 1935 n1snaaauia
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TUNTUUUU EX-WEAK/1 Uag ST-WEAK/1 @1unsaussndldnisnaaeuiniinndy
WUU BB-WEAK/1 latguriuy

4) BB-WEAK/N BunisiSeuiieuluseiuudenmiloudu BB-WEAK/1 wiiilosannidu
A5 AsIEAlureUATind1endn ns1EnaaeudiuauiaTausnaae BB-WEAK/1
g1aazldanuisarmdndauaudil Sedesededsnisvadounuy BB-WEAK/N Lile

fsanavesikusnaulalulfazsoureInisvingn

A1599 3-1 FAIEUNIIRANTUY U UIaRI TR LBUNa LT lgiuIAT nT U

NNSNAFBUIANINTY ‘

%

20 RUNITAANTY

EX-WEAK/1 ST-WEAK/1 ‘ BB-WEAK/1  BB-WEAK/N ‘

MM sTundunsyyaiius

IVR v v v v

ITR v

®
N
(\

fsliunsimduiissulinatitouly

FAR v v v v
ERR v v v v
ELR v v v v
ETA v v v v
FDA v v v v
ERA - - v v
ECA - - v v
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A3 3-1 FefunNIsimTuYeuUT1asTRduduianusaldtUIRimdu (79)

AN TUNITAINTY

EX-WEAK/1
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3.2 ANSES19ULAUN

Tuusa
1)

2)

Tud1uiiazasuIunN15as 19 iIANRANAIR WRUNITHINTUVD I UUT a0 ALDULD U

v o a

fAaiiunns taglavaRananmngsntanaeniiawuuInanInall

v o A a o B & o A a o A o Yy o 4 Y
faaniun1stamdy VR 1Uumauiun1stundunvuiinvasuainsiu

[ [

wuuaestnduduandnlsRaulaluidudndnusnivssnnmeniu Ineaiunse

v o [

Uszgnaldiudgydnualvoanuudiassdidmdu loun User Task 910019 3-1 113
asnduauianndandunsianduuszan IVR lauansiiog1snsasadianauia
Wasuduuslu Sequence Flow 910 INPUT A lUidu INPUT B lagfifauys

INPUT_A uae INPUT B fwilntayauszinm String nilouriu

BULANADIAURLIL

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_ @pfwqz5"
targetRef="ExclusiveGateway_ 0s2b565">
<bpmn:conditionExpression
xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A=="'complete'}]]>
</bpmn:conditionExpression>
</bpmn:sequenceFlow>
</bpmn:process>

UULSINADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_@pfwqz5"
targetRef="ExclusiveGateway 0s2b565">
<bpmn:conditionExpression
xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_B=="'complete'}]]>
</bpmn:conditionExpression>
</bpmn:sequenceFlow>

</bpmn:process>

ANA 3-1 NFASTAUNNFINNTUNITRANTUUSELAN IVR

v o a

AR IUNISHANTY TR LﬂuﬁhﬁwLﬁumi:ﬁam%’uﬁLﬂﬁau%ﬁmamﬁ’wﬂiﬁgﬂﬂszﬂm
luwiin <extensionElement> lnsanunsaussandldiudydnwalaeuwuudiass
PR < v = % ] | Y a ¢

UWuau taun User Task 91n01m# 3-2 lauansdiegen1sainediauausingn

Waguussunnvewiauls INPUT_A 9rniuiiivdndeyadszan string Tidu long
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LUUANARIAURLY

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:extensionElements>
<camunda:formField id="INPUT_A" label="INPUT_A" type="string">
</camunda:formField>
</bpmn:extensionElements>
</bpmn:process>

LULANADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:extensionElements>
<camunda:formData>
<camunda:formField id="INPUT_A" label="INPUT_A" type="long">
</camunda:formField>
</bpmn:extensionElements>

</bpmn:process>

AN 3-2 N1SAS1TILAUNINFI L TUNSIANTUUSELAN TR

FAa I UNITTUNTUE EAR b Ud1a 13 Un1s I NN TuAas udIs i un1snig

[

d

(% L3

ANAANENS (+, -, %, /, %) Naglu <conditionExpression> laganusauszenaldnu
[ Na @ < [ 1
anwalvealuuTaesiouou laun Sequence Flow

A g 3-3 lduansdognanisadredouausianndeuly INPUT A +
INPUT B anniduildiaSeanansuan (+) wWasuidu INPUTA - INPUTB Tl

a
LAIDINLNYAU (-) LY

LUUANARIAURLTY

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_ @pfwqz5"
targetRef="ExclusiveGateway 0s2b565">

<bpmn:conditionExpression

xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A + INPUT_B >=
5}]11></bpmn:conditionExpression>

</bpmn:sequenceFlow>
</bpmn:process>

BUUANABINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:sequenceFlow id="SequenceFlow @vlickp" sourceRef="Task @pfwqz5"
targetRef="ExclusiveGateway_0s2b565">
<bpmn:conditionExpression
xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A - INPUT_B >=
5}]11></bpmn:conditionExpression>
</bpmn:sequenceFlow>

</bpmn:process>

ANA 3-3 NIFASTLAUNINFINNTUNITRANTUUTELAN EAR
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4) e dun1sinnty ERR Wudianiunistimduniudsudisniunisideduius

(<,<=, >>=, ==, I=) #18glu <conditionExpression> laga1u1sauseynalyiv
fydnwalvesnuudiaesdnoudu laun Sequence Flow
NN 1N9 3-4 lauansfieg1anisasiadianaun a1ndeuly INPUT A +
INPUT B >= 5 91Aiufilgiasasunigunnnil sewiniu ( >=) waswdu INPUT A
+ INPUT B > 5 fitfluip3nsnsnsunnnia (>) unu wazassiupuifivdslaedeu
a I 4 1 4 1 A I I 1 [
wWspavnedy Uaenin (<), Heenin wsawiniu (<=), Windu (==) way bawindu (=)

LNUAUAINU

LUUANARIAURLY

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_ @pfwqz5"
targetRef="ExclusiveGateway_ 0s2b565">

<bpmn:conditionExpression

xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A + INPUT_B >=
5}]11></bpmn:conditionExpression>

</bpmn:sequenceFlow>
</bpmn:process>

UUUANRRIRAUAUN

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_ @pfwqz5"
targetRef="ExclusiveGateway_0s2b565">

<bpmn:conditionExpression

xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A + INPUT_B >
5}]11></bpmn:conditionExpression>

</bpmn:sequenceFlow>
</bpmn:process>

AN 3-4 N1sasITIweUNIINFe L duUNsIImMTUUELAN ERR

5) Fandun158wmTu ELR Wudiaiuni1siindumiddsudisndunisida
n33NA1EAT (and, or) Meglu <conditionExpression> lagaiunsauszenadlyiu
[ [ '3 o aa < < % 1
dydnwalvealuudasineueu laun Sequence Flow
4:1' b2 o 1 ¥ a L3 dll
IINAINA 3-5 LALAAIAIDEIINTITASI9TILAUN 910130 U b
INPUT A=='complete' || INPUT A == 'incomplete' 91nLAT0INN181T0 (||) hnud

AELASDINUNLAY (8&)
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LUUANARIAURLY

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_Ovlickp" sourceRef="Task_@pfwqz5"
targetRef="ExclusiveGateway_0s2b565">

<bpmn:conditionExpression

xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A=="'complete' ||
INPUT_A=='incomplete'}]]></bpmn:conditionExpression>

</bpmn:sequenceFlow>
</bpmn:process>

UULSNADINILAUN

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:sequenceFlow id="SequenceFlow_0Ovlickp" sourceRef="Task_ @pfwqz5"
targetRef="ExclusiveGateway_ 0s2b565">

<bpmn:conditionExpression

xsi:type="bpmn:tFormalExpression"><![CDATA[${INPUT_A=='complete' &&
INPUT_A=="incomplete'}]]></bpmn:conditionExpression>

</bpmn:sequenceFlow>
</bpmn:process>

AN 3-5 N15AS1TILAUNIINFIAILTUNSINTUUSELAN ELR

6) Fasnfiunisiamdu ETA Wudasndunisiomduiiuisuszeziiaives
<timerDuration> n8l¢ <timerEventDefinition> #78 0 , ASIWEavawIaNAULAE
Arnafiuinninfunimiie uddeseglusluuuninsgiu 150 8601 Tngdn
fflunstiannsoussendldfudasnunivesuuusiaesddumsu loud timer Start
Event, Catching timer Intermediate Event W& ¢ Boundary timer Intermediate
Event

nand 3-6 liuansfiaganisadeiuauiiannianssy “Update Loan
Application” 193 Boundary timer Intermediate Event Weusnin §1nTzuIunIs
Frefifanssuiiiiu 5 Tu (508601 = P5D) Teenainianssuil Tnslunuusrassdia

wauviinIsasuA1an 5 Suduly 6 Ju
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:userTask id="Task_@pfwqz5" name="Update Loan Application &#10;"
camunda:assignee="Mary">
<bpmn:incoming>SequenceFlow_l6aequc</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_Ovlickp</bpmn:outgoing>
</bpmn:userTask>
<bpmn:boundaryEvent id="BoundaryEvent_0r77hdg" name="5 Days"
attachedToRef="Task_Opfwqz5">
<bpmn:outgoing>SequenceFlow_01lkbekl</bpmn:outgoing>
<bpmn:timerEventDefinition>
<bpmn:timeDuration
xsi:type="bpmn:tFormalExpression">P5D</bpmn:timeDuration>
</bpmn:timerEventDefinition>
</bpmn:boundaryEvent>

</bpmn:process>
u.uwﬁmmﬁqumuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:userTask id="Task_@pfwqz5" name="Update Loan Application &#10;"
camunda:assignee="Mary">
<bpmn:incoming>SequenceFlow_16aequc</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_Ovlickp</bpmn:outgoing>
</bpmn:userTask>
<bpmn:boundaryEvent id="BoundaryEvent_0r77hdg" name="5 Days"
attachedToRef="Task_Opfwqz5">
<bpmn:outgoing>SequenceFlow_01lkbekl</bpmn:outgoing>
<bpmn:timerEventDefinition>
<bpmn:timeDuration
xsi:type="bpmn:tFormalExpression">P6D</bpmn:timeDuration>
</bpmn:timerEventDefinition>
</bpmn:boundaryEvent>

</bpmn:process>

AN 3-6 NI5AS1TAUNNFIENTUNISHANTUUTELAN ETA

FAIAAUNITHINTY EDA WWudisdunisiamdunilasuiunly <timerDate>

¥ U

nels <timerEventDefinition> seiuluafin urdesegluiinsgiu 1SO 8601 lagda

LY [ L3

o a dy Y o aa =3 1% J .
91'1LUUﬂﬁiua’mﬁiﬂ‘UiﬁEJ]ﬂmﬁLGUﬂUﬁﬁUaﬂHmEU@QLLUU%’Wa@\‘IUWLEJQJLEJU IWLLﬂ timer Start

Event, Catching timer Intermediate Event IL & ¥ Boundary timer Intermediate
Event

g1nand 3-7 Teuansiaegranisadieiauauvives Timer Start Event @4
fsulinszurunsSurhadlutuil 13 Weu 4 Ja3addns e 2018 van 12.13 Tag

Tunuua1analauniln1sasuTuNNEUILN 13 wuimeiulusfniun 12
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<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">2018-04-13T12:13
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

UULSNADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">2018-04-12T12:13
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

ANA 3-7 NISASTAUNINFINTUNITRANTUUTELAN EDA

8) FIAnIUNITRNNTY ERA 1 UAIAIEUNITHIMNTUNLU A UT1UIUNITYNF1UD

[ a

<timerCycle> neld <timerEventDefinition> #1178 0 ¥39AIINTSVOITIUIUAL W6

o/ (Y L3

fiosegluunsgiu 150 8601 Tasdasnfiunistanuisadseyndliiudydnvaives
wuusnasslioudu laun timer Start Event, Catching timer Intermediate Event
wazBoundary timer Intermediate Event

1M 3-8 lduansiegsnisadisdinunuyives Timer Start Event 34d]
nsvieudIuL 4 s8u 1nq 10 wit lnewuusiaesdunuildadsunisiigian

Wy 4 soundy 2 sou

LULAINADIAUDLIL

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">R4/PT10M
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

BULANABINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">R2/PT10M
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

ANA 3-8 NIFASTILAUNAINFFNTUNITRRNTUUTELAN ERA




33

9) @agnfunisiundy ECA Wudasnidunisiunduiiuisudasszegiaan
<timerCycle> neld <timerEventDefinition> $8 0, A1ASMTvEIALANLAZAN
narfiuinnindunioniog wideseglusuuuuvesuinigiu IS0 8601 Tnydn
ffunstiannsnvssgndldiudydnuaivesuuudiaestfbubu W¥ud timer Start
Event, Catching timer Intermediate Event W@ ¢ Boundary timer Intermediate
Event

PNAMNT 3-9 luanaiiegnanisad1eduaurivesda Timer Start Event 3
M59ausiuIy 8 seuvng 10 Wit Inglunvuiassdiuawiasussezinaiann

Wy 10 w1y 5w

BULANADIAURLIL

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">R8/PT10M
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

LULANIRDINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:startEvent id="StartEvent_1">
<bpmn:timerEventDefinition>
<bpmn:timeDate xsi:type="bpmn:tFormalExpression">R8/PT5M
</bpmn:timeDate>
</bpmn:timerEventDefinition>
</bpmn:startEvent>
</bpmn:process>

ANA 3-9 NI5AS TR UNINFRLTUNISIRNTUUTENN ECA

10) #asduntsiomdu AR Wudasdunisiunduiiidsudivenn3dnd
“isSequential” ¥pl7in <multiinstanceLoopCharacteristics> 53431967 “true”
U “false” s isSequential LUUAIMUATULUUNITHIIUTOIAINTTU NINANT
isSequential 1Ju false muneALd1 Aanssutudowhaumuay uadimune
i true muneaufanssuduausarh usuvruuld dususasniunisi
aunsaUszanaldivdydnvalvesuudiaosdidudu laun Service Task, User

Task , Script Task, ag Sub-Process
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a L3

91NN 3-10 LALAAIFI9819N158519TIUAUNYDY User Task “Review &
Update” 1in1snvuar1veinonanitan “isSequential” aneldudin
<multilnstancelLoopCharacteristics> 489 User Task “Review & Update” fandu

false walukuuInastinwauilasuandu true

LUUANARIAURLY

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:userTask id="Task 191p4jo" name="Review & Update">
<bpmn:multiInstanceLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">3</bpmn:loopCardinality>
</bpmn:multiInstancelLoopCharacteristics>
<bpmnn:userTask>
</bpmn:process>

UULSINADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:userTask id="Task 191p4jo" name="Review & Update">
<bpmn:multiInstanceLoopCharacteristics isSequential="true">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">3</bpmn:loopCardinality>
</bpmn:multiInstancelLoopCharacteristics>
<bpmnn:userTask >
</bpmn:process>

ANA 3-10 NIFASITAUVIAINGILTUNITRANTUUTELAN ASR

11) fdnfiunisiundu ACR Wudsufiunisianduiiudeusn <loopCardinality>
aelduiin <multiinstanceLoopCharacteristics> #38 0, AA3andewadsIuIuLAY
LaZAININNI ANV UL F361 Loop Cardinality Huilunismnunsiuauges
Instance Aanssufiansnsaiietuld Inesaidunsdanunsauszgndldfudnydnval
YosuuuT1ansiidudu laun Service Task, User Task, Script Task way Sub-
Process

AT 3-11 luansiiegnanisadiafinunurives User Task “Review &
Update” fien Loop Cardinality neldudin <multilnstanceLoopCharacteristics>

WU 6 waluwuuIasslaauiUdsuandu 3
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<bpmn:process id="Process_1" isExecutable="true">
<bpmn:userTask id="Task_191p4jo" name="Review & Update">
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">6</bpmn:loopCardinality>
</bpmn:multiInstancelLoopCharacteristics>
<bpmnn:userTask>
</bpmn:process>

UULSNADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:userTask id="Task 191p4jo" name="Review & Update">
<bpmn:multiInstanceLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">3</bpmn:loopCardinality>
</bpmn:multiInstancelLoopCharacteristics>
<bpmnn:userTask>
</bpmn:process>

ANA 3-11 ANSasS1TLAUNINFIeILTUNSIINTUUSELAN ACR

12) @ nduni1siamdu AAM WWudaadunistiimdunuasudinidunisnig

AMAAIERAS (+, -, * /, %) YDILTAN <completionCondition> ?jﬁagjﬂ’laiéfuﬁﬂ
<multilnstanceLoopCharacteristics> 1a & completion condition Fuidunns
uadeulunisiugavesianssuiavls dmsuiduiunsianusaussgndléiy
dudnwalvoanuuiaoalioudu laun Service Task, User Task, Script Task uag
Sub-Process

A 3-12 lduansiiegnanisasefiauauyives User Task “Approved”

FININUATIOINTTUNITTIUIUATINTAU1T90 Y TALATINITLAIAINT T

[
o

"Approved” §99z1a598u Tnefigruaunssunisivanun 8 vinu (Fauus
nrOfinstances = 8) WA¥TIUIUVDINTIUNITTT192meyTRlATING (FauUs
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${nrOfCompletedinstances/nrOfinstances >= 0.5} ulukuus1aesiiunuvilae

PNATBMINEMS (/) WueSemuegn (%)
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57q</bpmn:outgoing>
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${nrOfCompletedInstances/
nrOfInstances >= 0.5 }]]></bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>
Lmu'é"mmﬁ'umuvf

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57q</bpmn:outgoing>
<bpmn:multiInstanceLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${nrOfCompletedInstances*
nrOfInstances >= 0.5 }]]></bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>

AN 3-12 N1SAS1TILAUNINFAITILTUNISIINTUUSELAN ACR

13) fasfiunisiiamdu ARM Jusdifiunsiiamtuiiudsuiasdunisdeduiug
(<<=, >>=, ==, 1=) Y0 347 n <completionCondition> ¢ © gaelduin
<multilnstanceloopCharacteristics> a1 & 67 @°WLﬁumi‘ﬁmmmﬂizqﬂﬂ‘ﬁﬁu
drydnvalromuuiaeslioudu laun Service Task, User Task, Script Task uag
Sub-Process

a1l 3-13 Tduansieganisadadiaunurives User Task “approved”
Fartnun completion Condition Hu ${nrOfCompletedinstances/nrOflnstances
>= 0.5} uiluhuusiassiunuriuasuainassmuennnit wiewidu (>= ) 1y

LWASBINUIEUINNIN (> )
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57q</bpmn:outgoing>
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${nrOfCompletedInstances/
nrOfInstances >= 0.5 }]]></bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>
Ll.‘l.l‘l.l’ﬁ']@‘aﬂfl’)uﬁluﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57qg</bpmn:outgoing>
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${nrOfCompletedInstances/
nrOfInstances > 0.5 }]]></bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>

AN 3-13 NN5ASITIBLAUNIINEIANTUNITIINTUUTLNN ARM

Y [ a

18) fFasudunasiamdu AM Wudadndunisdamduiiildsudasniunisds
m3sneand (and, o) veduiin <completionCondition> &8 gnnelduin
<multilnstancel oopCharacteristics> a1 & 67 @°WLﬁumi‘ﬁmmmﬂizqﬂﬂ‘ﬁﬁu
drydnwalromuuiaeslioudu laun Service Task, User Task, Script Task uag
Sub-Process

gnn N 3-14 lduanadiog19n15ad1989unuvives User Task
»Approved” dafuiiog199naind 3-11 simun completion Condition 1
${nrOfCompletedinstances/nrOflnstances >= 0.5 nrOfCompletedinstances >
4} wiluwuusraesiuauiinisiuasuainadsamuenie (n Juedemuiouaz
(&&)
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57q</bpmn:outgoing>
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[
${nrofCompletedInstances/nrOfInstances >= 0.5
|| nrofCompletedInstances > 4} 11>
</bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>

WULANADY EAJ’JLLEI'LWT

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:task id="Task_191p4jo" name="Approved">
<bpmn:incoming>SequenceFlow_15x3kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1ggx57q</bpmn:outgoing>
<bpmn:multiInstancelLoopCharacteristics isSequential="false">
<bpmn:loopCardinality
xsi:type="bpmn:tFormalExpression">8</bpmn:loopCardinality>
<bpmn:completionCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[
${nrofCompletedInstances/nrOofInstances >= 0.5
&& nrOfCompletedInstances > 4} 11>
</bpmn:completionCondition>
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:task>

</bpmn:process>

ANA 3-14 NISASTILAUNINFINNTUNITRUNTUUTELAN ALM

15) fagndunisiamdy ATR Wudasndunisitmduiiilasuniwennitas
“testBefore” Tu <standardLoopCharacterisics> 5¥%119 “true” way “false” lag
7i testBefore \unanvsdadinundiunisasaienlaly <loopCondition> win
A1 testBefore 11U true MuneANIENsATIvdeuloulanewdanssuluusay
soum s dluynuesvesnnideulusunsuiiuuAnmiloudds while-loop
Tunrenduiuninnmunandu false nursa11u91 linsiegeudoulandsann
Aanssuvmaulundazseuiadedu Tnefadiunisiandulssianiaiunsa
Uszandldiudydnvalvesuuudiaosdidudu laun Service Task, User Task,

Script Task iag Sub-Process
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I1NAINT 3-15 LAkANIAIDE19N15A51907LAUNVBD I Service Task
”Generate GL File” 1a8iMNua@A1u09konnsi16 “testBefore” WU true walu

[ a e a 1 3
LUUINARIILAUNINTURsUANUY false

WULANADIAURLIL

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate GL File">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57qg</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">

<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression">
</bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

WULSINADINILAUN

<bpmn:process id="Process_1" isExecutable="false">

<bpmn:scriptTask id="Task_258phd" name="Generate GL File">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="false" loopMaximum="8">

<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression">
</bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

AN 3-15 NI5AS1TILAUNINFIILTUNISHANTUUSELAN ATR

(3

16) fasnudun1sianduy AMR Wudisiiunisiunduiidsudiwenn3ton
“loopMaximum” lu <standardLoopCharacterisics> $28 0, ANASIN T8I
AunazAnnInfun it dmiuuenn3dan loopMaximum Wun1siivun
$rurumahtigaanvesvesiansau Tassdiiumstansaussgndldiudydnual
vosuuuTranedidudu laun Service Task, User Task, Script Task way Sub-
Process

Al 3-16 lduanadegnanisasefiauaurives Script Task ”Generate
GL File” Tnamuunauasionnitif “loopMaximum” Wiy 8 ualuwuudnassdia

wuvUasuANTy 4
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate GL File">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">

<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression">
</bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>
uuu'ﬁmmﬁmmuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate GL File">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="4">

<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression">
</bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

ANN 3-16 N15AS19TILAUNIINAIRLTUNISTMNTUUTEAN AMR

17) @enduUn1si1nTy AAS Ll WUFIP A UNITTIMNT UM UAUFIA 1T UN1TN 4
Al mAEnsS (+,- % /, %) v03uiin <loopCondition> Fsogn18leuiin

<standardLoopCharacterisics> @1%SUK7in <loopCondition> tJun15mM%un

'
=Y

Roulvdugavainisviign Wekeuluduiluass nedsndunisiiaunsaUssynald

YY) [

fudgyanvalresluudiaosdidudu loun Service Task, User Task, Script Task
ey Sub-Process

T 3-17 liuansdneganisadnadiaunusives Script Task “Generate
Order” Tngiioulavas loopCondition 1Y u S{TOTAL_ORDER_AMOUNT +
TOTAL VAT AMOUNT} wainuusnaesfinunusiiudsuademsneuin wasunudiaie

LASDINUNEAU
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="GenerateOrder">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${TOTAL_ORDER_AMOUNT +
TOTAL_VAT_AMOUNT > LIMIT_AMOUNT}]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>
Ltuuﬁmmﬁmmuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate Order">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${TOTAL_ORDER_AMOUNT -
TOTAL_VAT_AMOUNT > LIMIT_AMOUNT}]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

AN 3-17 AN5AS1TILAUNIINFIELTUNITHUNTUUTZLAN AAS

s

18) AL duUNIsTINTY ARS U ndun1siamduudsusisnduniIsiedunus

(<<=, >>= ==, l=) ¥ 8 44 % n <loopCondition> T s g n18ldudn

Y

o (Y L3

<standardLoopCharacterisics> Inggfarniiunistiannsnuszandldiudydnvaiues
wuuIaeslmBudy Town Service Task, User Task, Script Task Laig Sub-Process
na il 3-18 luanadieganisadediuaurives Script Task "Generate
Order” Tnegiioulvuvos loopCondition 1 u ${TOTAL ORDER AMOUNT +
TOTAL VAT AMOUNT > LIMIT AMOUNT } usiuuusiaesfinunuviudeudouluain

LASDAVUIGUINNTT (>) WNUNAILLATBINUIENRUIYUINNTT UIBVINNU (>=)
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate Order">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${TOTAL_ORDER_AMOUNT +
TOTAL_VAT_AMOUNT > LIMIT_AMOUNT }]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>
Ltuuﬁmmﬁmmuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate Order">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${TOTAL_ORDER_AMOUNT +
TOTAL_VAT_AMOUNT >= LIMIT_AMOUNT }]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

ANA 3-18 NIFASTAUNIINA IR NTUNITRANTUUTELAN ARS

19) Fasfiun1sinndu ALS Wudasmifiunisinmduiidsudadniuniad
As3nAEns (and, or) Tu <loopCondition> neld@ <standardLoopCharacterisics>
Tngfdndunisidanunsadsegndlifudydnvaivesuuuiansdfidudu THun
Service Task, User Task, Script Task Wag Sub-Process

NN 3-19 luanssegansasediunuivesuusiassdiuatuil User
Task “Approve Limit” Tnodeuluves loopCondition 9 S{APPROVED == true
&& TOTAL_APPROVED_LIMIT < LIMIT AMOUNT} usikuus1aesfinuauviiudeuann

PIIMNELAE ( && ) WNUNAIBLATOINUNENTD (||)
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate Order">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57q</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${APPROVED == true &&
TOTAL_APPROVED_LIMIT <= LIMIT_AMOUNT}]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

RULTIRDINILANTT

<bpmn:process id="Process_ 1" isExecutable="true">

<bpmn:scriptTask id="Task_258phd" name="Generate Order">
<bpmn:incoming>SequenceFlow_25y4kfv</bpmn:incoming>
<bpmn:outgoing>SequenceFlow_1xxy57qg</bpmn:outgoing>
<bpmn:standardLoopCharacteristics testBefore="true" loopMaximum="8">
<bpmn:loopCondition
xsi:type="bpmn:tFormalExpression"><![CDATA[${APPROVED == true ||
TOTAL_APPROVED_LIMIT <= LIMIT_AMOUNT}]]></bpmn:loopCondition>
</bpmn:standardLoopCharacteristics>
</bpmn:scriptTask>

</bpmn:process>

AN 3-19 N15ASITILAUNIINFIALDUNITTINTUUTZAN ALS

20) Fagnduni1sdnndu AMA WHudadndunisiandudiladsusadndunisnig
AMAAIENS (+, -, %, /,%) V89uiin <completionCondition> %aagjmaié’uﬁﬂ
<adHocSubProcess> @usuuiin <completionCondition> 1unsmuumdaule
§uq@maa AdHoc-Sub Process iadouletuiduass Inafasdndunisiaiunsa
Uszendldiudaydnvalvesiuudiaosioumdu liun AdHoc-Sub Process

A md 3-20 Tduanssneganisadsiunurivesuuusiass Tnedi AdHoc-
Sub Process tagnminuatieulyld $TOTAL ORDER + TOTAL SHIPMENT >
50,000 && IS_PAID == true} wiLUUIa0siunuiilasuainadesaneuan (+)

WNUNAILLATDINLNAU (-)
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER + TOTAL_SHIPMENT > 50000
&& IS_PAID == true}]]>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>
Ltuuﬁmmﬁmmuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER - TOTAL_SHIPMENT > 50000
|| IS_PAID == true}]]»>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>

AN 3-20 NNSASTILAUNIINAIRNTUNITLINTUUTLLNN AAA
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21) Fasfiunisiandu ARA Wusdndunisiamduiuasusadidunisideduiug
(<<=, >>=, ==, 1=) Y94 W9 N <completionCondition> 6‘3!61 2 EJ n1eldudin
<adHocSubProcess> Tngdiasniunisiaiuisauszgndldfudydnuaives
wuUTaesUnBudu Tdun AdHoc-Sub Process

i md 3-21 Teuanssneganisadesiunuivesuuusiass Tnedi AdHoc-
Sub Process Qﬂﬂ"mumﬁlaulﬁu S{TOTAL ORDER + TOTAL_SHIPMENT > 50,000
&&IS_PAID == true} usinuudansiuauidsuiniomaneuinnit () unudide
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER + TOTAL_SHIPMENT > 50,000
&& IS_PAID == true}]]>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>

HULSINADINILAUN

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER + TOTAL_SHIPMENT >= 50,000
&& IS_PAID == true}]]>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>

ANA 3-21 NFAS1TAUNINA IR NTUNITRRNTUUTELAN ARA

22) §1e 10 UN1THNNTY ALA 1 udaadunistimsunilasudisidunisida
mssnadns (and, o) v Iuvin <completionCondition> Feagn1aldudin

o (% L3

<adHocSubProcess> lngfasnliunisaiunsauseyndldiudyanualvotuudnass
IMBudu laun AdHoc-Sub Process

gna il 3-22 leuanssnognenisadeiunuivesuuusiass Tnedi AdHoc-
Sub Process tagnminuatieulyld $TOTAL ORDER + TOTAL SHIPMENT >
50,000 && IS PAID == true} LALUUTIa09 LA uYUasuIASoLNTLaY (&)

a v = =
LNUNAILLATDINUIENTD ()
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER + TOTAL_SHIPMENT > 50,000
&& IS _PAID == true}]]>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>
uuu'ﬁmmﬁmmuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
behavior="None">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition><![CDATA[
${TOTAL_ORDER + TOTAL_SHIPMENT > 50,000}
|| IS_PAID == true}]]>
</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>

ANA 3-22 NISASITAUNAINAINNAUNITRUNTUUTELAN ALA

23) fhamfiun1siandy AOR Wusdiunsiunduiviuauenan3dag “ordering”
Tu <adHocSubProcess> 581314 “Parallel” wag“Sequential” @vsuonnitag
ordering 1Wun1sinuan1syieIuvesianssuly AdHoc-Sub Process T#Ranssu
ANHunINaIAU (Sequential) ToAduNIsLUUTUIU (Parallel) TnasaAtilunns
fannsoussgndldiudydnunivesiuusiaosdidudu léun AdHoc-Sub Process

Nl 3-23 liuansiiegnanisasainunuviveswuusiaes Tnefl AdHoc-

Sub Process Auenn3Uae “ordering” Wiy Parallel wailuwuudnasdizuaumngn

wudu “Sequential”
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<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Parallel"
cancelRemainingInstances="false">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition>

</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>
Ltuuﬁﬁamﬁqumuﬁ

<bpmn:process id="Process_1" isExecutable="true">

<bpmn:adHocSubProcess id="adhocSubProcess" ordering="Sequential"
cancelRemainingInstances="false">
<bpmn:userTask id="subProcessTask" name="Task in subprocess" />
<bpmn:userTask id="subProcessTask2" name="Task2 in subprocess" />
<bpmn:completionCondition>

</bpmn:completionCondition>
</bpmn:adHocSubProcess>

</bpmn:process>

AN 3-23 N15AS1TILAUNNFAALUNSTIMTUUTZN AOR

(3

“ cancelRemaininglnstances” 11 <adHocSubProcess> $¥ #1149 “true” Way
“false” @M5ULEANIUIA cancelRemaininginstances 1Wuuwann3T1Avuting
a [ a A a X aa . . [ a
YABNANTVINNIUYDININTIUVLNATU NTAUNAIUBY <completionCondition> U139
Feonmmuaandu “true” Weloululu <completionCondition> 1Hua3s Aanssudm
o @ o 1 a 2 1Y ) 1 < « 9 a a
Adevauedazgnenidntuaie udainmuaanlu “false” ooulaly
<completionCondition> 11333 Avnssudiasinmuegdauniiosiaiadu lnuda

(% (% L3

o a ag" 6 ¥ o A @ <@ 1 1
ﬂ?LUUﬂW§UﬂWNW§ﬂU§3Qﬂm1%ﬂUﬂiuaﬂ%ﬁu%aﬁRUUQWaBQUVMBJHaliiﬂuﬂ AdHoc-

o

Sub Process
NN 3-24 laLanadiiag19n15as19uauveLuUIIase taei AdHoc-

Sub Process ATWaANITIA “cancelRemaininglnstances” tvi1AU true thoily

° a ¢ g
WUUIIADAUNYNLNUNLTY false
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<bpmn:process id="Process_1" isExecutable="true">
<bpmn:adHocSubProcess id="al" cancelRemainingInstances="true">
<bpmn:userTask id="subProcessT1l" name="Task in subprocess" />
<bpmn:userTask id="subProcessT2" name="Task2 in subprocess" />
<bpmn:completionCondition>

</bpmn:completionCondition>
</bpmn:adHocSubProcess>
</bpmn:process>

LULANADINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:adHocSubProcess id="al" cancelRemainingInstances="false">
<bpmn:userTask id="subProcessT1l" name="Task in subprocess" />
<bpmn:userTask id="subProcessT2" name="Task2 in subprocess" />
<bpmn:completionCondition>

</bpmn:completionCondition>
</bpmn:adHocSubProcess>
</bpmn:process>

ANA 3-24 N5AS1ITILAUNINFTNTUNITHANTUUTELAN ARR

25) fndunisiamdu XBR Wussifiunsiumduiiviuawennitag “ behavior”
YBILIAN <multilnstanceLoopCharacteristics> fauA1 “None”, “One”, “All” way
“Complex” Imaﬁaﬂ"wLﬁumiﬁmuﬁaﬂﬁzqﬂmﬂl%’ﬁué’mé’ﬂmﬂ%mmei’waaaﬁﬂl,ﬁm
W Town Service Task, User Task, Script Task ez Sub-Process

9T 3-25 lguansiaegienisadefiunuivesnuusiaes Iny script
task “BULK_ORDER” lainnuuna1uann3tas “behavior” fA1L11iU None Wity

o a ¢ A )
%UUQWﬁ@QN?%@UWQﬂ%WNVﬂUu One
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<bpmn:process id="Process_1" isExecutable="true">
<bpmn:scriptTask id="Task_191p4jo" name="BULK_ORDER">
<bpmn:multiInstancelLoopCharacteristics behavior="none">
</bpmn:multiInstanceLoopCharacteristics>
</bpmn:scriptTask>
</bpmn:process>

BULANABINILAUN

<bpmn:process id="Process_1" isExecutable="true">
<bpmn:scriptTask id="Task_191p4jo" name="BULK_ORDER">
<bpmn:multiInstancelLoopCharacteristics behavior="one" >
</bpmn:multiInstancelLoopCharacteristics>
</bpmn:scriptTask>
</bpmn:process>

AN 3-25 NN5AS1TILAUNIINFIRILTUNISINTUUTELAN XBR
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[ BPMN Weak Mutation Testing Framework ]

Mutant Analyzer & Generator

@ e BPMN Validator
BPMN Model F-
— | E T e
utant Generator
Test Case M

Test Execution

Test Case Database

Mutant Database

—

BPMN Engine

Test Controller

Result Comparator

Test Result Database

Metric Calcuation

° Mutation Score
Calculation

° est Effectiveness
Calculation

Report Generator
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Juiisuwuusaesdfidusu Sinseit wazadeiunuiandsdunisiondy

(%
a v A

yasuuTaeslidudulneilsneavidennail

1.1) @WA5ATIEULUUT1a0I0NONLOU (BPMN Validator) (uneiaw 1) Tu
duihmihiiuuuhaesdfbubuingnindulunvieonddusens Tne
U1lUnT1980UMUNATBIN W ILENFLOULER LazlondLoaRvaILUUTIaDT

U

A & & 1 v g ° Aa & & Ao v Y o
UNLBAULBU DINAANSLLUUINADIUNLBULDUNUIYINFDIATUUBATAUAVD

Y
[ [ <

My nendLdnLea wazondieafveawuudiaasdidudu Aazuiulug
JunaudnlUuaIn1Inaaau
1.2) @7un15as19iaumun (Mutant Generator) (Bun8Lav 2) Tugiudvinniing
A115UN1585190 300U 21nHA 1T UNITTNNTUVBILUUTIA DS
TN u InelddatanatnleIniaNeaanialuus1an901d Wy §7
ATUNTT EAR FuUFBufANlunTn1entineans (+, - %, /, %) nn
LUUIN8098URTUTINS AT DINLNEUIN TILAUNTLANIINNTAS19UD4
P399 9LUAYUAINLATRINUIEUIN WULATDINNITAY AN YIS WAY
wena1s MNEINU LngazlauuuTIaeliiuaunviady 4 Luud1aed We
wIesloasalaunurinudiniunsiundunaiuisadiunussandla
] & = A o a fa v Yo & v a ¢
ndnuuAIeiieitnaurinailadaiivadlugiudeyaiunud
(Mutant Database)
1 o . o o 1 e o a ca v
2) @7rUnTEYinn1sneaau (Test Execution) @msuludruihdunisundwauniasis
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dumsiUsuTisunadns (Result Comparator) (manewaw 4) lugauiivin
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3) @1UnN13AUINLIATIA (Metric Calculation) @nsuludruiidunisuinanis
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4.1.1 uhunngaLad (Use Case Diagram)
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-
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-
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~
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3) gawad Upload Test Case Wugainaininvaaeuiinstinadeudinginiaslle

g
Y
N
U

NLBLLD
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5) gawad Deploy BPMN L ugainainiasiiofinfsuuudiassdidudud
\ASeUsTIIANALUUT AR TN
awnd Execute BPMN 1uganaiiiasesilodaiddliiaiesussuianawuudiasy

< [
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dmdudulssinananuneazdeaiiszylilunsdvaaoy

7) gawa Undeploy BPMN Llugainaiiiniesiionounisindanuudiaesiiiaios
Uszananaluuinaes

8) gauaa Calculate Result iugainaiiaiesiioSouifisunadnindsainysyana
NARULAS DI sTINaNALUUTIa0s Aansuuuimdy wasduiaseaninm
VINTANAFOU

9) gana Generate Report ugalnaiitdnnaasuddliiadesiloadiasssuaguna

NsNAEBY

RABLAA S1UazLdeATBILRasYAAEELNSaRILAN LA A ARWIN N
- 9 Y Y

4.1.2 WHUNIWAINTIU (Activity Diagram)

WU INANTsHUSENaUlUAIY 6 WHuAINAANTSY TaswUandy 2 waunIn
Aonssufinaninuduiusseninadnnaaeunaziadesiio uas 4 unuaIMAINIIUT
LansietumaunsasiauReaesesilonufog1snund 3 vhded 3.2 Tnod
sreandun feil

1) uNunMAINSTIMSASINTLaWTisEIns medeusuLAsosile

LHUNINRINSSUNTAS19TuAUT SEinstnnadeuiulaiesile TaLanassning

4-2 Tns3uannidnnaaeudnlnanliduvuirasstiidududiginiosiie e
w3osilottuuusians wazdniuLUUSIassai iu@snines (Web Server) Wn
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MntiueIosiioAum uazadrauuusiassdiuaus Tnedumanudasidunsinmdy
Farfedndun1saIuATyU LaTLEnIs18n150dIuAUTT IS0 oadalalrunn
naaeu lunsaifiriosiiellanunsaadeiunuild wissdloasuanidoninuusaiou
Tuntnnageu Wednnedeunsisdeusionisiounusinadreanieiedioadody

A4 & U & a s & acs s
LATBINUDAALNUHILAUNNLIULGINLIDT
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LHUAINAINTTUNITAS I TIAUNUDUAT DI DL UL UANTLAAINITVNTUYD

AR D L UAIUYDINITAS T ILAUN AR 1NN REAILUUNT 3 987 3.2 18

NN ITNSNLTA LU IW A LN TLE LD AVDILUUINADIAIUITALUIITNITAS

a 6 d‘ = ¥ aa ¥ 1
Tunuvaaaiasiiala 4 35n15 laua

ALA, ALM, ALS, ARA U@z ARM

A5a519TLAUTIA8NSUABUALUS toukA IVR wag TR

A15E519TLAUNA8NSWA TN TAwn EAR, ELR, ERR, AAA, AAM, AAS,

n5adslauauanen1siUasua1vesuiin Iewn ECA, EDA, ERA, ETA, ACR

A15@37190 AU PIENSUABUAIYDILEANSTIM tkA AOR, ARR, ASR, ATR
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3.1) MIESTILAUNABNNTURLUFILUT
WEUAINAINTTUNNTAS19NILA U AN 1WA UAILUS LA LEAIAINING 4-5
a v = A & ¢ 2 ° AN & I & v A
SUAUINLAT 95981 NALNTLOULDAVDILUUI1ADITNLOUDY INUUAUNNYD
a Y <@ . o [} Ay v & v
waraslnvesninlsanuin <bpmn:extensionElements> dnadnsalainull
ANS19AILUST ANAINT 4-4 LawanakuuIIaeanidnisuseniafwUsiunanssy
Enter Loan Amount Way Update Collateral waganunsadnvinimisemandslans
A157197 4-1 1191en1519571U5 1rT99ElAUMINITD19D LU ST ULARE AUV
o -d! ¥ ¥ a L% -'-ﬂl =l d' U 14 o L%
LUUDIADY TIOTNUNIT591999AwUT LATILBLUALUAILUTAIUYDANNUAVDIA
AAUNITTINTY é'hL.L‘Ui‘ﬁLﬁulﬂléﬂumil,ﬂﬁau%@mﬂmawé]’aLL‘Ui Fam
FAUNISTWNTY VR 1un1sidasusnusdunisiafensu wazdiaidunis
Tty MR Wunisilasudindsdunistnaaiu lasinseadlous1as1aiiaun

v [

AUNINTDIA AN End Event 999kUU3N894

o

o
if (loanAmt <= E'\;:%an Request
50000) Check

Complete

if ((collateralAmt
/loanAmt) * 100)>
70

else -~

f3)
=

Enter Loan
Amount

Update
Collateral

Enter Loan Amount Update Collateral _

i simpleLoan Reject Loan
simpleLoan - Request Check
i Set follow-up date A Set due date I Set follow-up date

Form History Diagram

collateralAmt
30000
collaternalinfo

loanAmt
uiflng

ANA 4-0 LUUINEDINLNTUTENAG ILUS

AN5197 4-1 ANS19AILUSALPNNATNT 4-4

fianssu fawls
Enter Loan Amount name String
Enter Loan Amount loanAmt long
Update Collateral collateralAmt long
Update Collateral Collateralinfo String
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4.1.3 wunwAang (Class Diagram)

UNUAINABIEUDILATDINE IAUNARAITI9AZIPEAANN & UDIARNE LaEAUALRUS

YDIAANALULATDID AININT 4-9 FadnSulNALNILAASLAALNANTEAZBYAN1TIINeU

1
v

JU
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Y o
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RUNBLNG SUazldunUnILfazAadaINsanNuAulain1aNuIN 9
- 9 Y

4.1.4 WNUNINa19U (Sequence Diagram)

[ o v o o 4' A a1
uanuYu I@EJLLN‘L!J‘I’]W@'WG]‘U“ZJEJ\‘ILQiEJ\‘iiJEJlI@W]EJIU‘U

1)

I v i |

LLNuﬂ’]Wﬁ’]ﬁU%%@%UWSﬁﬂﬂ’JWNE%JWUﬁS%W’J’N’JWOWNG]VlﬂﬂﬂalW’JGLULLNUﬂ’]Wﬂa’]ﬁ

9 Y

[
a

WHUNIWAIRU Upload BPMN File
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a & [

Wunvudiaesdibudu wisli d1ldnata TestitemServicelmpl 3anldflaidu

dl U = 14 o U dl
save WWBUUNAYBUALUUITABIANNTINY 4-10
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testltemController : testltemServicelmpl :
TestltemController TestltemServicelmpl

Actor : :

1: saveTestltem() JI_ :

2: CheckValidFileExtension() |

|

< |

LI~ |

alt :

[IsValidBPMN == true] |

3: save() ) |

I

T |

AT 4-10 WHUATNUNUAINESU Upload BPMN File

2) WNUAINERU Generate Mutant

LHUAINEIFU Generate Mutant Wusrunniiuansdenisadrefiauauriann
LuUsaesifiBusuduatus i 4-11 Tnethvedeuidenuuusiass fusedunis
naaoUIAtmdu Tun ST-WEAK/1, BB-WEAK/1 wag BB-WEAK/N wiatinnagsuns
Ju ioadrsdunuidunisBenldilsidu generatePossibleMutant vodnana
GenerateMutantController 1ntiutaiasiiosdoyauvudiassdfiduidu Tngld
#W9ATU getByld vosARE TestitemServicelmpl wazisunldilsAtu generateMutant
Y93Aa1d GenerateMutantController fioas1efiannuinuidoulvvesseiunis
nadoudniamdu d15A1 ST-WEAK/1 1e3esiloaziSunldilaridu GenerateSTWeak
1839AR"@ mutantGeneratorServicelmpl Falinsesuneifisnfuiivhdatos 2.1 udd
finndu BB-WEAK/1 w30 BB-WEAK/N La3asiloaziSunldilandu GenerateBBWeak
Y09AATA mutantGeneratorServicelmpl sfin1seduieiiiniudivitodos 2.2 way
dlednvegeusssnisdudinfiunuiazsSenldileddyu saveGeneratedMutant 904

Aand GenerateMutantController ¥98n15898 89 1UTARNINTY save ¥99IAAE

MutantGeneratorServicelmpl okl
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generateMutantController :
GenerateMutantController

testltemServicelmpl :

TestltemServicelmpl

mutantGeneratorServicelmpl :
MutantGeneratorServicelmpl

8: saveGeneratedMutant() |

ﬂ 9: Save()

I
| | |
I | |
1: generatePossibleMutant() _ | »- getByld() 1 |
> I
3: return Original BPMNModel :
______________ i
|
| 4: generateMutant() : :
| |
1 |
alt : :
[GLOBAL_CONST.ST_WEAK_TYPE.equals(WeakMutationType)] :

1
| |ref J |
5: GenerateSTWeak() I ST-WEAK Mutant I
i GeneratorQ :
:Gate :
_____ e _____]
' |
[GLOBAL_CONST.BB_WEAK_TYPE.equals(WeakMutationType)] |
| |

ref )

6: GenerateBBWeak() : BB WEAK Mutant :
T GeneratorQ |
l |
IG te |
| |
1 |
7: return List of Mutant J’ : :
______________ I I
| |
| |

|

|

|

g

AN 4-11 LHUNINARU Generate Mutant

2.1) BLRUNWAIRU ST-WEAK Mutant Generator

WNUNINEIRU ST-WEAK Mutant Generator Wulkunmfnansdanisasna

TLAUNAIUTEAUNITNAABUIATWNTY ST-WEAK/1T A9n1NA 4-12 Ta8SUAUaN

AANA MutantGeneratorServicelmpl gnisenldleidu GenerateSTWeak 2101y

Fonldilaritu GetSTWeakOper vatna1a MutantGeneratorServicelmpl tiofis

FUNTAIRNTUNTT uazisenltflsidu GenerateMutantByOperator U8IAaNE7

a =~ Y a & ~ a o X
#UNBAANNAAIA MutantGeneratorBase wWina@s19l AU Inedsieazidennail

® Aa1d VariableMutantGenerator @5190AUNVBIAIALTUNT IVR way

ITR

® Aand AttributeValueMutantGenerator @3190LAUNIVDIAIANTUNS

EDA uay ETA
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® Aand TagValueMutantGenerator @5198LAUNTBIRIALTAUNT XBR

® Aa1d ExpressionMutantGenerator @31987uAUNUDIAIANLTUAT EAR,

ELR, ERR, AAA, AAM, AAS, ALA, ALM, ALS, ARA uaz ARM

mutantGenera

MutantGeneratorServicelmpl

torServicelmpl :

1: GenerateSTWeak()

Gate

I
‘J 1.1: GetSTWEAKOper

1.2: <<Create>>

variableMutantGenerator :
VariableMutantGenerator

1.3: GenerateMutantByOperator() :

1.4: IVR, ITR Mutants

e —

1.5: <<Create>>

attributeValueMutantGenerator :
AttributeValueMutantGenerator

tagValueMutantGenerator :

1.14: List of Mutants

< _____________

' |
|
|
--------------------- R et
| TagValueMutantGenerator
1.9: GenerateMutantByQOperator() | ! I
I
|
1.10: XBR Mutants | |
oo TR oo oo e ﬂl
| _ 111 <<Create>> ] : __________ |_> expressionMutantGenerator :
I | I ExpressionMutantGenerator
1.12: GenerateMutantByOperator() I | |
; T t]
1.13: EAR, ELR, ERR, AAA, AAM, AASI ALA, ALM, ALS, ARA, ARM Mutants
__________________ s ettt ettt b

AT 4-12 WRUAINENSYU ST-WEAK Mutant Generator

2.2) WNUATWEIAU BB-WEAK Mutant Generator

WHUAINETU BB-WEAK Mutant Generator {Juukunmiiansdenisadi
fuauinussRunsageuiafiamdu BB-WEAK/1 uway BB-WEAK/N fanind
4-13 Tagl3u@u91NAATE MutantGeneratorServicelmpl gnienldilsidy
GenerateBBWeak 910 w13 nld il ¢ ¥u GetBBWeakOper ve 1m a1
MutantGeneratorServicelmpl wiafes18n1583iunts waziSonldiladdu
GenerateMutantByOperator mammaﬁﬁumammﬂﬂma MutantGenerator-
Base \iioadneiiunust Inedisoazidonsied

® @Aand VariableMutantGenerator @5195UWAUNYBIAIANTUNTT IVR LAy

ITR

® Aand AttributeValueMutantGenerator @3190LAUNIVBIAIANTUNS

EDA, ETA, ERA, ECA, ACR, AMR
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Aad TagValueMutantGenerator @371950UAUNUDIAIANAUNIT XBR,

AANd ExpressionMutantGenerator @31siluausivesiaiiung EAR

, ELR, ERR, AAA, AAM, AAS, ALA, ALM, ALS, ARA uaz ARM

mutantGeneratorServicelmpl :
MutantGeneratorServicelmpl

1: GenerateBBWeak() !

1.1: GetBBWEAKOper

Gate

<__

1.2: <<Create>>

variableMutantGenerator :
VariableMutantGenerator

1.4: IVR, ITR Mutants

1.3: GenerateMutantByOperator()

<
| _ _15:<<Create>> _: > attributeValueMutantGenerator :
| AttributeValueMutantGenerator
1.6: GenerateMutantByOperator() |
[
| 1.7:EDA ETA ERA ECA ACR AMR Mutants
! I
1.8: <<Create>> | | > tagValueMutantGenerator :
': I TagValueMutantGenerator
1.9: GenerateMutantByOperator() | ! T
[ | '
1.10: XBR, AOR, ARR, ATR, ASR Mutants |
S == - ,
| _1._11_: _<<_C_re§t§>_>_ I D J_ __________ | > expressionMutantGenerator :
| | ExpressionMutantGenerator
|

1.14: List of Mutants

ANA 4-13 LHUAINAD

3)  WEUNIWAINU Execute Test

LRUNINAIAU Execute Test

[y

AU BB-WEAK Mutant Generator

L‘ﬂULLB\I‘UﬂWWﬁLLﬁ@QﬁQGﬁUWQUﬂWiWWﬁ@ULLUU“\]O']ﬁEN

TIAUNAININT 4-14 BUAUINNUNNAADULADNLUUINEDY hALNTWUNAFDU 1NTUY

testExecutionController 13anTd MU excuteTestWithMutant Iaen15uUINS o

v 1 d' =
NAADULIIFIATR IR NT ¢

AU UploadTestCase U93Aa"d testExecution

Controller 3ntuLATDNDRATILAUTYBILUUT1a0INaUla ANIATY getByld U89

AANE MutantGeneratorServicelmpl fudeyanisiteusiaiaiaslszalanauuuinges

Tdudu anniladdu listAll 9e9mana EngineConfigServicelmpl wazisenldilandy

TestMutant ¥93AaNd TestExecutionServicelmpl LNONAFDULUUTIADINIU

LATBIUTENIANALUUTIADIasTIuaun waryg1auaTUNNTILAUY Wanaaauill

WAUYIATURIUAANE TestResultServicelmpl 3anla#lendu CalcMetric 1iaA1U
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AzuuuTwNty wavUsganinmuensainaaeusely Wetnvaaaunaly Generate
Report tAS89dloaziunldflandu generatedTestResultReport Yo 1A @@
testExecutionController l®&31451891UNIINAABUNT1UNIATY generated

TestResultReport ¥83Aad testResultServicelmpl

testExecutionController : mutantGeneratorServicelmpl engineConfigServicelmpl : testExecutionServicelmpl testResultServicelmpl
TestExecutionController : MutantGeneratorServicelmpl EngineConfigServicelmpl TestExecutionServicelmpl TestResultServicelmpl

1 excuteTes(WlnhMutam()

-i!] 1.1: UpLoadTestCase(l)

1.2: getById(pMutanttestltem[d)

1.3: return mutant list

loop

ref

[has next mutant] H
1.6: ExecuteMutant(config, mutant, testCase)

1.7: CalcMetric()

T
I
I
I
I
T
! Gie
I
I
'
I
I

|
1.9: Save() !
|

Ll
2: generatedTestResultReport() I
|

————— > 2.1: generatedTestResultReport()

T
|
I
|
|
I
|
|
|
|
I
|
|
|
|
|
I
|
I
|
|
|
|
|
t |
| |
I |
| I
| |
I
1.8: Return MutationScore / TestEffectiveness j-]
i Tt B
| | |
1 1 | -
I | gt
I | |
| | |
| | |
! | |
2.2: Return Test Result Report | |
A B B T |
I | |
I | |
| | |

ANA 4-14 LHUANEIRU Execute Test

3.1) WNUAINEINY Test Mutant

WHUATWENSU Test Mutant uununndiuansdetunounisnadeusuus-
aewueesUsEITaNaRu LT Ao BB ufinmd 4-15 TneiSudurnaaa
TestExecutionServicelmpl gniFenldflendu TestMutant 9 ndunaid Test
ResultDetail Qﬂa%fwﬁum diaiunadnsnsneaey indesdiofiunsnaaey
aunsiinadeuiiasnsdinadeu susduneufinfauuusiassiiunuilnedonld
#arftu deployProcess wo3aaTd BPMNEngineExcutionimpl taganidunsly
wazAanisuainnasisenlddendu completeTask ¥99Aad BPMN
EngineExcutionimpl Lﬂ'aa'ﬁa;gaﬁwLst’hﬁuaﬁa]ﬂiiumm%y’umauﬂ'ﬁmaau (Test
Step) WinlUin3esUsrananawuUsiaes Inefideu wazndinisiuaiasdield

JaAvantugneuntin (prevState) uazanuzinlu (nextState) 9ntuAIole
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WIsuWguanIuy D1@80 UENDURUILANGA19INADIULEA LU LATallatuiinNg

n1snaasuiituaundngnailaeiSenldiladdu setResult vasnana
BPMNEnNgineExcutionimpl uagiilenageuniunsilnaaoudasiaiadu iaieile
APUNITAARILUUTIa0IlAELSo AT IATU unDeployProcess 98 4Aa @

BPMNEnNgineExcutionimpl

testExecutionServicelmpl : bpmnEngineExecutionimpl :
TestExecutionServicelmpl BPMNEnRgineExecutionimpl

|
1: TestMutant()
L 1.1: <<Create>> testResultDetail :

Gate TestResultDetail

IoopJ

I
|
|
[has next test step] |
1.2: deployProcess() E
I
|
|
|

loop,

has next test step] |
1.3: prevState = getCurrentTask()

|
|
|
|
|
|
|
|
|
|
g
|
|
|
|
|
1.4: completeTask() | %
|
|
|
|
|
|
|
|
|

1.5: nextState = getCurrentStalte()

[prevState != nextState]

1.6: setResult(KILL)

1.7: undeployProcess()

1.8: Return TestResultDetail

ANNT 4-15 waun ey Test Mutant
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5075 (ER - Entity Relationship Diagram) fan il 4-16 Tneisieazidendiail
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lassasigudeyavevasotlonadounuudnaosdiduduLanslaswnun 1N

testitem

PK

testitemid:INT

-

testitemname:VARCHAR
testitempath:VARCHAR

mutanttestitemhead testresulthead
PK | mutanttestitemid:INT PK | testresultheadid:INT
FK | testitemid:INT Hj\—C\<FK mutanttestitemid:INT
mutanttestitemcode:VARCHAR testcasepath:VARCHAR
genmutanttype:VARCHAR teststart: DATETIME
testfinish:DATETIME
mutationscore:DOUBLE
At os iende A testeffectiveness:DOUBLE
PK | mutanttestitemdetailid:INT
FK | mutanttestitemheadid:INT testresultdetail
operator:VARCHAR PK | testresultdetailid:INT
genfilename:VARCHAR FK | testresultheadid:INT
mutantbpmnpath:VARCHAR FK | mutanttestitemdetailid:INT

originalstatement:VARCHAR

mutantstatement:VARCHAR

a

testcasename:VARCHAR

result: VARCHAR

‘:4' a 3 A A
AN 4-16 LHNUNINDDITUDILATDIUD

& . I 9 v & ¥ [ v o
LAUNA testitem LUU@W?WQmGULﬂUGUEJJ;IJaLLUUQW@@Q@UQ‘U‘U

WUAR mutanttestitemhead WURITIALELAULUUIIA0ITILAUNNLAARIN

WUUINABIAUATU

WUNR mutanttestitemdetail Wun151901EAUIIwaZID YAV ILUUTIADIT

LAUNLENAULAASAIALTIUNTT

1A testresulthead Wumsnldiiudayaasunanisvageu

UNA testresultdetail 1Wun1519NTHAUNANITNAZDUVDILARL LUUI1AD

TAUN
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4.2 NSNAIUILATDINESY wasnadaul AU

4.2.1 @NNINAUN T IUNITHAILILAT D9

[

Y RN A4 A o a &
ﬁﬂ']WLL'Jﬂa@iJVlﬁLGUW@Ju’]Lﬂi@ﬂll@ UINYagLayn MY

4.2.1.1

813Au33 (Hardware)

iwsesaeuiinmeslinga (Notebook) mieuszsnanadumanssloisiiu
Uil 8 ALTa 1.8 Angldd (Intel(R) Core(TM) i7-8550U 1.80 GHz)
WieANTMEN (RAM) 16.00 finglud (16.00 GB)

woNAWIT (Software)

52UUUfURANT9 (Operating System) lulasganyiiulaad 10 1Us
(Windows 10 Pro)
wwsesilofiltiamnlulasyoriinaagilolfninosdu 1.35.1 (Microsoft
Visual Studio Code 1.35.1)

amfildann fe awamn Uava) nesdu 8 July

wisu3sndldiann fie auisyn (Spring Boot)
AU@SvinesemameNLaniiesdy 8.0 (Apache Tomcat 8.0)
\sesiloUsvananauuuiaesdfduduaiyuanestu 7.80 (Camunda
BPMN Engine 7.80)
in3ealedmivairauuudassdiduduayuailunaiaesinesiu
1.11.3 (Camunda Modeler 1.11.3)
iw3esilonldeonuuussnuusailesvensiagiloiasdu 6.8.0
(Jaspersoft Studio 6.8.0)

Auusiwes (Web Browser) giiialasy (Google Chrome) 13asdu 74
Faly
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4.2.2 duseusvanuiugldvesaseosile

v

1A5985199098UFABUS LA UN UL TN UNAIY LR UNTNIUTAILUINT Y

Y Y

(Window Navigation Diagram) @sléieSunsaauseyszauianunvaniosde was
AnudNussEnisduReUsrause iy Saduaindiusousza indexhtml @
wihaevanilifasetugltan danidudiseuszaiu engineConfightml hudaud
Ansafudldaududusuusniiesadulyauiisdiunayseau testExecution.html
Dusuduaniedanand 4-17 lagainuwunmiuladiuindu a1uisnedune

P YALAaTAIURDUTEAU MOl

<< Window >>

<< Window >> engineConfig.html
index.html << Button >>
Submit << Window >> << Window >>

<< Hyperlink >>

testltemList.html  |click create] ©ditTestitem.html

Home
- << Button >> test item << Button >>
<< Hyperlink >> Click BPMN Engine Config Create test item Submit
Engine Config << Window >> I
[ Click Submit |
<< Hyperlink >> Click Test Item List generateMutant.html
Test ltem List << Button >>

Generate Mutant << Button >>

Generate Mutants

<< Hyperlink >> | click Generate Mutant

<< Window >>

testExecution.html

" Save Mutants
<< Hyperlink >> Click Execute Test T

Execute Test Click Save Mutants

<< Button >>
Execute Test

<< Button >>
Generate Report

Click Generate Report << Window >>

reportPDF.html

AINA 4-17 WHUAMIUIAILINTUYDATD9IID

1) #1138 engineConfig.html
#1199 engineConfig.html {Wunihilsefliinvegevainsaiunfiogves

d' ° A & d Y] d'
Lﬂi@\ﬂjﬁglnamaLLUUQW@@QUWL@NL@U‘IW ANATNN 4-18

Home BPMN Engine Config Test ltem List Generate Mutant Execute Test

BPMN Engine Configuration
BEPMN Engine Endpoint:

http://localhost:8080/engine-rest/

Save

Al 4-18 e engineConfig.html
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2) #1990 testitemList.html kazui1ae editTestitern.html

wiae testiternListhtml ifuvihaeiiliinnaaeuainsodnnisuuudiass
TRBuduld Taoiflenatu Create Test ltem t3nsiloaznludantinee
editTestitem html #an 1wl 4-19 waznind 4-20 Welkinnaasuidon
wuaesifduduiiiuiuanaveslid bpmn waznsendouuudiass andu
At Submit in3esdievuuudrassTfdudusninanludaiudsmnosdmm

i a-21

Home  BPMN Engine Config Test ltem List Generate Mutant Execute Test

Test Item List

Create test item

Id Test Item Name Test Item Path View Edit Delete
1 SimpleLoanWithtimeOut D:\BPMN\99Web\WuMuBPMN\src\main\resourceshstatic\BPMNUpload\simpleLoanWithTimeOut.bpmn View  Edit  Delete
2168  RewardMultilnstntance D:\BPMN\99Web\WuMuBPMN\src\main\resources\static\BPMNUpload\RewardMultilnstanceAssignee.bpmn View  Edit  Delete

2169 SimpleLoanWithProcesstimeOut  D:\BPMN\99Web\WuMuBPMN\src\main\resources\static\BPMNUpload\simpleLoanWithProcessTimeOutbpmn ~ View  Edit  Delete

AT 4-19 998 testitemList.html

Home BPMN Engine Config Test ltem List Generate Mutant Execute Test

Test Item Detail

test item name:

test item file:

Choose File | No file chosen

test item path:

Submit

AT 4-20 t9e editTestitem.html

Home BPMN Engine Config Test Item List Generate Mutant Execute Test

Test Item List

Create test item

Id Test Item Name Test Item Path View Edit Delete
1 SimpleLoanWithtimeOut DABPMN\99Web\WuMuBPMN\src\main\resources\static\BPMNUpload\simpleLoanWithTimeOut.bpmn View Edit  Delete
2168  RewardMultilnstntance DABPMN\99Web\WuMuBPMN\sre\main\resources\static\BPMNUpload\RewardMultilnstanceAssignee.bpmn View  Edit Delete

2169 SimpleLoanWithProcesstimeOut  DABPMN\99Web\WuMuBPMN\src\main\resources\static\BPMNUpload\simpleLoanWithProcessTimeOutbpmn ~ View  Edit  Delete

6973 SimpleLoan DABPMN\99Web\WuMuBPMN\sre\main\resources\static\BPMNUpload\simpleLoan.bpmn View  Edit Hw\u\(“

Al 4-21 wihae testitemList.html ndanea Submit Antiae editTestiter html
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NSNONINAALUUINADNT1LATBILBLAINUINBUUTIa DI LR TInL

UINTFIY HATDILDINITHANITOANURINADY AININA 4-22

Home BPMN Engine Config Test ltem List Generate Mutant Execute Test

Test Item Detail

test item name

test item file:

Choose File |Mo file chosen

test item path:

Submit

PN v Yoo N a ° Aa & & I
AN 4-22 MUWR]EJLLR]\?Lmauﬂim‘wLL“U‘U"maEN‘U‘WLEmLE]UI@JG]NG]’]@JMWJE;W

3) #1199 generateMutant.html
N30 testitemList.html WuntnaeiliinnagauaIuIsaLasnLuUI1a999
Taonlnanliannninae testltemListhtml Liaas19ikAURaINNISIADN

LUUD1ADILATUTELAVIVRINISNAGBUIAL WNTU AININA 4-23

Home BPMN Engine Config Test ltem List Generate Mutant Execute Test

Generat Mutant
BPMN test item:

Weak Mutation Level:

ST-Weak/1
Generate Mutant

Possible Mutants

Operator Mutant Id Original Mutant

Mo data to display

AN 4-23 PN99N1TES19TILAUN

Unnaasunaly Generate Mutant 3MNUULATEIHBUTEUIANALALLANS
S19N1SRILAUNBYNAIUUTLLANVDIAIANAUNIT AININT 4-24 RA9910UN
NAAOUATIIMUTMAWINARTUSBUToEUTINAYY Save Mutant tielvila3adile
U 2 a ca a & = | ~ | ’~ fa a &
Junnduauyiiinaduy 1senaUy Export to Excel iiodiaaniiuauiiinniu

ganutugUnuulndiendioa (xls)
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Home BPMN Engine Config Test Item List Generate Mutant Execute Test

Generate Mutant
BPMM test item:
SimpleLoanCheckWithtimeOut
Weak Mutation Level:

BB-Weak/1
Generate Mutant

Possible Mutants

Operator Mutant Id original Mutant
* VR
IR SimpleLoanCheckWithtimeout_TVR... s{(collateralamt / loanamt™100 = 70) } 5{[collateralamt / collateralamt=100 » 70) }
VR SimpleLoanCheckWithtimeout_TVR... s{(collateralamt / loanamt™100 » 70) } s{{loanamt / loanAmt=100 > 70} }
VR SimpleLoanCheckWithtimeout_TVR... s{loanimt <= 50000} s{collateralamt <= 50000}
»ITR
¥ EAR
* ERR
FETA

L] 'l 1 » Ll 1-Bof B

Export to Excel

Save Mutants

AN 4-24 RENDUEAITIYNITHILAUTLENANNUTELAN VDRI NTEUNTHANTY

4) ¥1199 testExecution.html
11199 testExecution.html Wuniinaenlndnnagsuldsnkuudiasdin
LAWY LazUITLNNVBINITNAEABU INVUTNNAADUAILISALEBNNSINAFDUN

wisnlTlusuuvuredlidiendioa A 4-25 lnefindansaivaaeuunusiy

(9]

711979 (Sheet) vaalndiondiwa Felunnazdniilaseasne aall

AutoSave (@ 0f) - simpleLoanTestV21xlsk + P Search .
File Home Insert Page Layout Formulas Data Review View Help WMSL-BFM-Front WMSL-BFM-Back

Eln:l Lj& Calibri «11 AN = - 25 Wrap Text General ~ ﬁ % Fj

B~
Paste = & Conditional Formatas Cell
B I U~ [H+ O« A- = . g .0 .00
4 - $ %9 W@ Formatting~ Table v Styles

¥

3=

I

Merge & Center ~

Clipboard Font =] Alignment [F] Number ] Styles
H10 = I

A B C D E F
1 Test Case Id 1
2 |Test Case Name [TCO1
3 BPMN Name SimpleLoanCheckWithtimeQut.bpmn
4 Remark
5 Test Steps
& Ne Task Name Test Input Expected Task 'Wait Time
7 1|Start Enter Loan Amount

name=Chatri

) 2|Enter Loan Amount ,loanAmt=40000 Loan Request Check Complete
g 3|Loan Reguest Check Complete End
10 4|End

Teon | Tcoz | Teos | Tcos | @ «

Ready

A9 4-25 fegvainsdinaaeuiieglugluuulndiondisa
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® dyud 1: wanstayamluvensalnaaou lawn Test Case Id, Test Case
Name, BPMN Name Wag Remark
® dufl 2: LAAIEIRUNITNAADY (Test Steps) luguuuunisis lngdl

= o =
FYRLLDYA AR 4-4

A a o w
AN 4-4 518a8LYAVBIRINUNTNAFADU

AR AND5UY

[y

No ANAUYDINITNAEDU

Task Name | fanssuneunsendeyatiid

v o v a Y I a6
Poyari1vesianssy (63 Insegluguuuuresdd
Test Input v
A1 19U name=Chatri

Expected Task | Aanssuiimanisviaainsentoyaiidi

namdesselunsanianssuduinislgausiudu
o ¢ aa & v a ' .

dyanualueaUNONOUNADIT0LIa19% 19U Timer
Wait Time | Boundary Event laguanslugiuuuvaaiainiy
W1ATFIU 1508601 1wy ddessarlunian 5 unil vos

Wait Time Tnvuatdu PT5M

=] | [

Pntulnnageunalyl Execute iialilaTesdiadawuudnaaadiiuaumn uag
= v o A ° Na 23 = a4 A
nsiinaaeuiilyduaiosussinanaiuuitaesdiioudy Llsiaseslenadau

LUUF1a89uANNLATIAY 1ATDlBUARINANITNAABUAILUANTIE Test Result

'
=

PININNA 4-26
aa o ° = a A A YA o
ﬂimVIUﬂW@ﬁ@UﬂunmgﬂLLUUﬂimW@a@UN@EULLUU LATBDINBDLLIILADUAINTN
d' aa A o N a o aa & @ 1 o
n 4-27 LLagﬂimV]La@ﬂLLU‘U"U']a@QV]Lﬂi@ﬂﬂigﬂjamaLLUUR]']@@QUWL@NL@UI@J?EN?U

A A % Y A o a'
LATDIUDLLAAIVDAIULILADUAININN 4-28



Home BPMN Engine Config Test Item List Generate Mutant Execute Test

Execute Test

BPMN Mutant Test Item:

‘ SimpleLoanCheckWithtimeQut(BB-Weak/1) v

‘ id Start Finish Time View Delete

2019-10- 2019-10- Delete
9085 5oT00:12:1.. 20T01:48:2. 77t

Upload Test Case:

Execute Mutant Download Mutants

simpleLoanCh..._Mutant.xls

Test Result

AT 4-26 RUITDUANINANITNARDULUUITIAS

error...

Invalid Test Case

Mutant Name test Case Original Statement Mutant Statement Test Result
SimpleLoanCheckWithtimeOut_EAR_1 TCO1 ${(collateralAmt / loanAmt=100 > 70) } ${(collateralAmt + loanAmt=100 > 70) } LIVE
SimpleLoanCheckWithtimeOQut_EAR_1 TCO02 ${(collateralamt / loanAmt*100 > 70} } ${(collateralAmt + loanAmt=100 > 70} } LIVE
SimpleLoanCheckWithtimeQut_EAR_1 TCO02 &{(collateralamt / loanAmt*100 > 70} } ${(collateralAmt + loanAmt*100 > 70} } KILLED
SimpleLoanCheckWithtimeOut_EAR_1 TCO4 ${(collateralamt / loanAmt*100 > 70) } ${(collateralAmt + loanAmt*100 > 70) } KILLED
SimpleLoanCheckWithtimeQut_EAR_1 TCO5 &{(collateralamt / loanAmt*100 > 70} } ${(collateralAmt + loanAmt*100 > 70} } KILLED

AN 4-27 MoUINABUNTUNNTANAGOURATULUY

error...

Not Support Mutation Operator AAAXBR ARAALA

76

PN v [ aa A ° 1 v o o a a o
AN 4-28 Wu’]ﬂ@LLQQLW@UﬂﬁﬂJWLﬂﬁaﬂﬂiguﬁawaLLCU‘UQ']a'E]\ﬂlﬁENTUGYJW']LUUﬂ'ﬁﬂJ'JW]GU'u
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A o ' a a v a v

WetinnaaaunaUy Create Report L1ATB4IRAI195189U LilaasUlayans
nnadeueUsenaulume naildlunmegeyu Fuiuiiauauniignein 1w
FIUIUTILAUNTNTITNTIS AZBUUTUNTY bazUSEENTNINYDINITNAADU AININT

4-29
NANISNAFDULUUDIADY SimpleLoanCheckWithtimeOut(BB-Weak/1)

o Lo
HaNITNAddULLUUNARIATIN 1

L’;mt"‘ﬁmu 2020-06-17 23:26:39.000000 nmﬁuqﬂ 2020-06-18 01:53:15.000000 L?ﬂ'l‘ﬁll‘ci 8796 U
. o oo . - ad e w s e PO PR
ﬁ"]n"lliuﬂ"ﬁﬁqlﬂﬁ Enﬂ"l 'ﬁﬂﬂuﬁ‘m nﬂwuﬂmmuwmmwngnm LWEUNUVEIUTIA LLENATUAIATILULNITU YU
EAR 8 0
7.5 1
ERR 9 1
5.0 4
ETA 2 1
ITR 6 0 251
VR 3 0 0.0
EAR ERR ETA ITR IVR
uAULE 28 2 - o o
W gngin W Gaiida
Azluuimauy 0.93 UszanSnmweinsveaau 48.5
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GenerateMutantController

HistTestlitem(ModelMap : ModelMap) : String

+generatePossibleMutant(model : ModelMap , pParam : Map<String, String=>) : List<mutantTestltem=>
+saveGeneratedMutant(pGeneratedMutantinfo : GeneratedMutantinfo) : String
-generateMutant(pTestitemEntry : testitem) : List<mutantTestitem>

mwﬁ 9-3 AaNd GenerateMutantController

1 [y Y

1.4) mand EngineConfigController A AanaNviTntfanenutlnnagoy lagsu

UoyaN154TausB I UATBIUTHINANALUUTIARIINTUN VAR UTIALLBLARINTI

=p.

9-4

EngineConfigController

+viewEngineConfig(id : int, Model : Model) : String
t+saveTestltem(engineconfigEntry : engineConfig) : String

ATl v-4 Aad EngineConfigController
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1 [y CY

1.5) Aana@ TestExecutionController A AATEANYININRUINRARDAUNNNAADU LAY

NAABULUUINABDIILAUN NUNSUNAADUITIIALLILARININT V-5

TestExecutionController

+testExecution(ModelMap : ModelMap) : String

+uploadFile(file : MultipartFile, testltemld : int) : String

+excute TestWithMutant(pParam : Map<String, String>) : List<testResultDetail>
+generatedTestResultReport(id : String) : byte[]

m‘wﬁl -5 Aad TestExecutionController

2) uiiALNY manageTest
2.1) mana TestCaseServicelmpl A9 AA1ENYINUTNTITANITNTUNAGDU S1UazLDYA

U d‘
ANAINN V-6

TestCaseServicelmpl
+ReadExcelTestCase(pPath : String) : List<TestCase>

AN -6 AaNE TestCaseServicelmpl
2.2) Aand TestitemServicelmpl Ao Aanafiviutinfdnnsuuuiassdiitoudu

AURATU S1U8LLDEARININT -7

TestltemServicelmpl

+listAll() : List<Testltem>

+getByld(id : int) : testltem()
+save(testltemEntry : Testltem) : testltem()
+delete(id : int) : void

Al -7 Aana TestitemServicelmpl

3) WHALNY mutantGenerator
3.1) Aa1d@ MutantGeneratorServicelmpl Ao AaE@NYINUINNTANITHLAUN

= o =
FYALLDYUARINTINN V-8

MutantGeneratorServicelmpl

+listAll() : List<mutantTestitemHead>

+getByld(id : int) : mutantTestitemHead

+save(testlitemEntry : mutantTestltemHead) : mutantTestltemHead

+delete(id : int) : void

+indByTestltemld(pTestltemld : int) : List<mutantTestitemHead>

+deleteByTestltem|d(testltemld : int) : long

+GenerateSTWeak(pTestltem : Testltem, pMutantOperatorls : List<String>) : List<mutantTestltem>
+GenerateBBWeak(pTestltem : Testltem, pMutantOperatorls : List<String>) : List<mutantTestltem>

AT -8 Aana MutantGeneratorServicelmpl

3.2) Aana MutantGeneratorBase A9 AaTALUTILAUNITIUADU I5N1TAS19TILAUA

Y

AarunsaltausiunulauaaiasfIawiunis s18as08nRIN N U-9
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@
4) wwAna mutantGenerator.operator
4.1) Aand VariableMutantGenerator A8 AaNA@AUNDAAIN MutantGeneratorBase
18ARANYINTTNNFS 19T ILAUN LAENISENUNALUTE NS USRI TUNNS IVR

WY ITR S18aZLDYARININA U-10

VariableMutantGenerator

+VarableMutantGenerator()

+GetParentFocusBPMNTag() : String

+GetFocusBPMNTag() : String

+GetFocusBPMNAttribute() : String

+GetAvaliableCperatorbyType() - List<String=

+GenerateMutantByOperator{pOperatorList : List<String=>, pTestitem : Testltem) : List<mutantTestlitem=>

m‘W'ﬁl 9-10 Aa1@ VariableMutantGenerator
4.2) Amand ExpressionMutantGenerator g AAIAAUNOAAIINAIUITODN
MutantGeneratorBase Tngaanativmniniiasnsinunuviduslednaddnsuin
AL UN1S EAR, ELR, ERR, AAA, AAM, AAS, ALA, ALM, ALS, ARA iag ARM

UALLDUAGININGA V-11

ExpressionMutantGenerator

+ExpressionMutantGenerator()

+GetParentFocusBPMNTag() : String

+GetFocusBPMNTag() : String

+GetFocusBP MNAttribute() : String

+GetAvaliableCperatorbyType() - List<String=

+GenerateMutantByOperator{pOperatorList : List<String>, pTestitem : Testltemn) : ListemutantTestlitem=>

A U-11 AAA ExpressionMutantGenerator
4.3) Aand AttributeValueMutantGenerator A AANEFUNOAAINUEINITOIINAAE
MutantGeneratorBase 198Aa1ANYINNUNNES 19T LAUN TAgNITLALYAIYDILD

ANSUINANSUAIALTUNNT ECA, EDA, ERA, ETA, ACR way AMR S1avLden

HININT U-12

AttributeValueMutantGenerator

+AttributeValueMutantGenerator()

+GetParentFocusBPMNTag() : String

+GetFocusBPMNTag() : String

+GetFocusBPMNAttribute() - String

+GetAvaliableOperatorbyType() : List=String>

+GenerateMutantByOperator{pOperatorList : List<String>, pTestitem : Testiten) : ListemutantTestitem>

mwﬁ 9-12 Aand AttributeValueMutantGenerator
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4.4) Aand TagValueMutantGenerator A8 AAIAAUNOAAIIUAINITOAINAAE
MutantGeneratorBase IngAa1@lyinut1Nas198iuaus Wnen15unbuAIved
WANFIMSUAIALEUNTT AOR, ARR, ASR, ATR 1ae XBR 518at88ARININ

7 9-13

TagValueMutantGenerator

+TagValueMutantGenerator()

+GetParentFocusBPMNTag() : String

+GetFocusBPMMNTag() : String

+GetFocusBPMNAttribute() : String

+GetAvaliableOperatorbyType() : List<String>

+GenerateMutantByOperator{pOperatorList : List<String=, pTestitem : Testltem) : List<mutantTestitem=

m‘W'ﬁl 9-13 pad TagValueMutantGenerator

5) WiiALNA testExecution
5.1) Aand@ BPMNEngineExecutionimpl A9 Aa1@Nv1vil1Ninn13n15150u6ie

5 ° a2 & = o q'
LATDIUTEUIANALUUINADIUNLDULDY SIUALLDUAAININNA U-14

BPMNEngineExecutionlmpl
+deployProcess(pEngineConfig : engineConfig, pMutantTestltemDetail : MutantTestltemDetail) : String
+startProcess(pEngineConfig : engineConfig, key : String) : String
+getCurrentTask(pEngineConfig : engineConfig, key : String, pTaskName : String) : taskDetail
+completeTask(pEngineConfig : engineConfig, pTaskkey : String, pMapVariable : Map<String, String>) : void
+undeployProcess(pEngineConfig : EngineConfig , pKey : String) : boolean

AN U-14 AAE BPMNEnNgineExecution
5.2) Aa1a EngineConfigServicelmpl fia Aa1anvinniinfdnn1steyanisideusaniuy

1A3DIUTLUIANARUUTADITNDUDUY SIUALLDUAFINING U-15

Engine ConfigServicelmpl

+listAll()() : List=engineConfig=

+getByld(id : int) : engineConfig
+save(engineConfigEntry : engineCanfig) : engineConfig
+delete(id : int) : void

A 9-15 Aa@A EngineConfigServicelmpl
5.3) mand TestExecutionServicelmpl A9 AAIENNINUINNAADULUUIIA DY
TIWAUN AUNTAUNAADUNIULATEIUTEUIANALUUTIADIIIUAELDYARININ

7 9-16
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5.4) mand TestResultServicelmpl A AANENTIUUINTANITNAGNENITNAAOU

= o 44'
FYALLDYARINTNN V-17

TestResultServicelmpl

+listAll()() : List<TestResultHead>

+getByld(id : int) : TestResultHead

+save(testResultEntry : TestResultHead) : TestResultHead

+delete(id : int) : void

+deleteByMutantTestltemld(pMutantTestltemld : int) : void

+CalcMutationScore(pTestResultls : List<TestResultDetail>) : double
+CalcTestEffectiveness(pTestCasels : List<TestCase>, pTestResultls : List<TestResultDetail>) : double
+findByMutantTestltemld(pMutantTestltemld : int) : List<TestResultHead>
+generatedTestResultReport(pMutantTestitemlid : int) : byte[]

Al -17 Aana TestResultServicelmpl

WAALNY repositories
6.1) Aa1@ MutantTestlitemRepository Ag Aa1anvivtndnnisnugiudeyaly
Y93AA1A MutantTestitemHead Wag MutantTestlitemDetail 5188188A# Y

AN U-18

MutantTestltemRe pository

+deleteBy TestitemldAnd GenMutantType(testiternid : String, genMutantType : String) : Long
+find ByTestitemid(pTestitemid : int) : List<mutantTestitemHead=
+deleteByTestlitemnlditestiternlid : int) : Long

AN 9-18 AATE MutantTestltemRepository
6.2) Aa1@ EngineConfigRepository Aig ARNAMINMTNNTANTSANUIUTDYATDS

AN EngineConfig 3188L8UARININT U-19

EngineConfigRepository

+listAll() : List<EngineConfig>

AN -19 AANE MutantTestlitemRepository
6.3) Aand TestResultRepository Mg AaNanvimiNdnn1sAugIuteyavesnaid

TestResultHead way TestResultDetail iwaam%aﬂﬁqmwﬁ 9-20

TestResultRepository

+deleteByMutantTestitemid( pTestiternid : int) : Long
+find ByMutantT estlte mid (pMutantTestitemlid : int) : List<TestResultHead>

AT U-20 AAE TestResultRepository
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< "
7) wiALNa entities
7.1) Aand TestCase AD AANANYINUTNTNLEAITIUALLIDYAVDINTUNAADU SI1UALLIUR

FININA V-21

TestCase

-testCaseld : int
-testCaseName : String
-testCaseDetail : List<TestCaseDetail>

AN U-21 Aad Testcase
7.2) mand TestCaseDetail A AANANVINMTNNLEAITIEALLDEAVBINSINAEDU Tu

AUVDITUNDUNITNAADU SIYALLDUARININT U-22

TestCaseDetail

-taskName : String
-testinput : Map<String, String>
-expectedTask : String

AN V-22 AaE TestCaseDetail
7.3) Aand Testltemn A8 AANANYINMLNTILAAITI8ALLDUAVDILUUINADITNL UL

v Y a U t:{l
AURUUITYRLLRYANININA U-23

Testltem

-testltemnld : int
-testitemPath : String
-testitemName : String

AN U-23 Aad Testltem
7.4)  Aand@ MutantTestitemHead A8 AR1E@NYVINALNALARNIS1UBLLDEAUDITILAUN
mulszannsnageuiafiamdu Wednivagiudeya sieasdenadannd

-24

MutantTestltemHead

-mutantTestitemlId : int

-mutantTestlitemCode : String

-testltemld : int

-genMutantType : String

-mutantT estitemDetaills : List<mutantTestltemDetail>

NN U-24 Aa1d@ MutantTestltemHead
7.5) mand@ MutantTestitemDetail A9 AANENVINNTNNLEAITIEALLDYAVDILILAUN

dodaLivasgiudoya sieasdennanIng v-25



MutantTestitemDetail

-mutantT estitemDetailld : int
-GenFileName : String
-FoundTagld : String
-FoundTagName : String
-FocusKey : String
-Operator : String
-OriginalStatement : String
-MutantStatement : String
-MutantBPMNPath : String

AN 9-25 AaNE MutantTestitemDetail
7.6) Aana EngineConfig A ARN@NUTNTILEAITIHAZIDUANITLTDUAD

LWAIDIUTTUIANALUUINEDY SIUALLDYARINING U-26

EngineConfig

-engineConfigld : int
-baseUrl : String

AT U-26 AR EngineConfig

7.7) Aad TestResultHead A9 AANANYIUTNTAILAAISI8ALLDYAVDINAANSNNS

VAFDU SI18ALLDYARNININT U-27

TestResultHead

-testResultHeadld : int

-mutantTestltemld : int

-testStart : Date

-testFinish : Date

-executionTime : int

-mutationScore : double
-testEffectiveness : double

-testCasePath : String

-testResultDetaills : List<testResultDetail>

mW‘ﬁl U-27 AaNd TestResultHead

7.8) mand TestResultDetail A8 ARANVINVUNTILANITIOALLDUAVDINAGNSNT

NAADUVBILARLIILAUN S19ALLDUARININT U-28

TestResultDetail

-testResultDetailld : int
-mutantTestitemld : int
-mutationOperator : String
-startTime : Date
-endTime : Date
-executionTime : int
-mutantName : String
-original : String
-evalOriginal : String
-mutant : String
-evalMutant : String
-result : String
-remark : String

mwﬁl 9-28 Aad TestResultDetail
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AMARNUIN A

239 ULATRIUIZINANARUUINADITNLDULDU

1 NSUNAADUYBILUUINGDINITAIAUANVDISIUENTALIS

NSAUNAFBUAINSUBUUINARINEINITONAFIUNIULATDIUTEUIANALUUINADY

ANSN A-1 NSUNAABUVBILUUINABINITAIRUANVBISIUTITAWIS TCO1

116

Tuneewdn A Wun1sasuiensanaaauaInsuLuUTIaasilIageNaunsanaaauls

Test Case Id

1

Test Case Name

TCO1

BPMN Name HardwareRetailer.opmn
Remark
Test Steps
Expected Wait
No Task Name Test Input
Task Time
Enter Good
1 Start
Information
Goods_Name=Computer
Enter Good ,Goods_Category=electrical_supplies | Fill in post
? Information ,Goods_Price=5000 label
,Goods_Issuer=AAA
Source=HKD Take out
3 Fill in post label | ,Destination=BKK extra
insurance
Take out extra | insurance_provider=SAMSUNG
‘ insurance Jinsurance_serviceno=551234 =
5 End




AN A-2 NTAUNARDUYDILUUIIADINTANEUAIIDISUEIALIS TCO2

117

Test Case Id

2

Test Case Name

TCO2

BPMN Name HardwareRetailer.opmn
Remark
Test Steps
Expected Wait
No Task Name Test Input
Task Time
Enter Good
1 Start
Information
Goods Name=electric drill
Enter Good ,Goods Category=building_ materials | Fill in post
2
Information ,Goods_Price=3000 label
,Goods_Issuer=AAA
Source=HKD
3 | Fillin post label End
,Destination=BKK
a4 End




AT A-3 NTAUNARDUYDILUUIIADINTANEUAIIDISUEIALIS TCO3

118

Test Case Id

3

Test Case Name

TCO3

Assign Carrier

,Carrier_TrackingNumber=KER152358

BPMN Name HardwareRetailer.opmn
Remark
Test Steps
Expected Wait
No Task Name Test Input
Task Time
Enter Good
1 Start
Information
Goods Name=Computer Assign
Enter Good ,Goods Category=electrical supplies | Carrier and
2
Information ,Goods_Price=5000 prepare
,Goods _Issuer=ABC Paperwork
Carries_Provider=KERRY End

3 and prepare
,Source=HKD
Paperwork
,Destination=BKK
4 End




2. NSAUNAADUYDILUUTINBINTNTIVEOUYDALIUL

= = ° a v
M50 A-4 ﬂﬁﬂﬂ/lﬂﬁ@‘U?J@ﬂLLUUQqa@ﬂﬂqiﬁiqﬂﬁ@‘UEJ'E)@N‘L!Q TCO1

119

Test Case Id

1

Test Case Name

TCO1

BPMN Name SimpleLoanCheckWithtimeOut.bpmn
Remakr
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Loan Amount
Enter Loan name=Chatri Loan Request Check
2
Amount JLloanAmt=40000 Complete
Loan Request
3 End
Check Complete
4 End
51991 A-5 NFUNAFBUVBILUUTIABINTTATIAABULBARUT TCO2
Test Case Id 2
Test Case Name TCO2
BPMN Name SimpleLoanCheckWithtimeOut.bpmn
Reamrk
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Loan Amount
2 Enter Loan name=Chatri
Update Collateral
Amount JLloanAmt=100000
3 Update Collateral | collaternalinfo=watch Loan Request Check
, collateralAmt=80000 Complete
4 Loan Request
End

Check Complete

5 End




MINN A-6 NTEUNAFBUVBILUUTIABINTTATIRABUYBAIUT TCO3

120

Test Case Id

3

Test Case Name

TCO3

BPMN Name SimpleLoanCheckWithtimeOut.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Loan Amount
Enter Loan name=Chatri
2 Update Collateral
Amount JLloanAmt=100000
Update collaternalinfo=watch Reject Loan
3
Collateral , collateralAmt=10000 Request Check
Reject Loan
aq End
Request Check
5 End




M51 A-7 NIEUNAHBUVBILUUTIABINTATIAARUYBAUY TCO4

121

Test Case Id

q

Test Case Name

TCO4

BPMN Name SimpleLoanCheckWithtimeOut.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Loan Amount
Enter Loan name=Chatri
2 Update Collateral
Amount JloanAmt=100000
Reject Loan Request | PT5M

3 | Update Collateral

Check

Reject Loan

Request Check

End

5 End




3. n3finAaeUvBILUUTIaBseYANsUAlYn LA TawensAsuLUa

M1391 A-8 NIAMPFUVBILUUIABRYliRNIsLAlunuATasaniswWasuwlas TCO1

122

Test Case Id

1

Test Case Name

TCO1

BPMN Name CCBApproveProcess.bpmn
Remark
Test Steps

Wait

No Task Name Test Input Expected Task
Time

Enter Change
1 Start

Request Info

Enter Change

Redmineld=#246092
,Subject=Extend Field paid-up
share on Master File Equity (Old
13 digit/ New 15 Digit)
Jmpact1=Check DB field

2 Associate Reviews
Request Info JImpact2=a good opportunity,
migrate VB6 to .NET
Jmpact3=Recheck Module BOT
Report and PTI Report
,Manday=15
RequiredNumOfPeers=3
Evaluate Change
3 | Associate Reviews | ,RequiredMinNumofPeer=2
Request
,RequiredNumOfApproval=2
Evaluate Change | reviewResult=APPROVE Evaluate Change
il
Request Request
Evaluate Change | reviewResult=APPROVE
5 CCB Approved
Request
6 CCB Approved End
7 End




M50 A-9 n3dinedeUBLUUTIARIBYiRn1TuAlunNATeeM UGB uLUaY TCO2

123

Test Case Id

2

Test Case Name

TCO2

BPMN Name CCBApproveProcess.bopmn
Remark
Test Steps

Wait

No Task Name Test Input Expected Task
Time

Enter Change
1 Start

Request Info

Enter Change

Request Info

Redmineld=#246092
,Subject=Extend Field paid-up
share on Master File Equity (Old
13 digit/ New 15 Digit)
Jmpact1=Check DB field
Jmpact2=a good opportunity,
migrate VB6 to .NET
Jmpact3=Recheck Module BOT
Report and PTI Report
,Manday=15

Associate Reviews

3 Associate Reviews

RequiredNumOfPeers=3
,RequiredMinNumofPeer=3
,RequiredNumOfApproval=3

Evaluate Change

Request

Evaluate Change

reviewResult=APPROVE

Evaluate Change

‘ Request Request
Evaluate Change | reviewResult=APPROVE Evaluate Change

° Request Request
Evaluate Change | reviewResult=APPROVE

6 CCB Approved

Request

7 CCB Approved

End

8 End
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M131N A-10 NIRINAFRUYBILULTIARIRUTANSLAlumuASawen1sAsuLUas TCO3

Test Case Id

3

Test Case Name

TCO3

BPMN Name CCBApproveProcess.bopmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Change

Request Info

2 Enter Change

Request Info

Redmineld=#246092
,Subject=Extend Field paid-up
share on Master File Equity (Old
13 digit/ New 15 Digit)
Jmpact1=Check DB field
Jmpact2=a good opportunity,
migrate VB6 to .NET
JImpact3=Recheck Module BOT
Report and PTI Report
,Manday=15

Associate Reviews

3 Associate Reviews

RequiredNumOfPeers=3
,RequiredMinNumofPeer=3
,RequiredNumOfApproval=2

Evaluate Change

Request

4 Evaluate Change

Request

reviewResult=APPROVE

Evaluate Change

Request

5 Evaluate Change
Request

reviewResult=REJECT

Evaluate Change

Request

6 Evaluate Change

Request

reviewResult=APPROVE

CCB Approved

7 CCB Approved

End

8 End
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M3N A-11 NIINAFRUYBILULTIARIRLLANSWAlunNAmSoswensUasuLUas TCO4

Test Case Id

qa

Test Case Name

TCO4

BPMN Name CCBApproveProcess.bpmn
Remark
Test Steps

Wait
No Task Name Test Input Expected Task

Time
1 Start Enter Change

Request Info

2 Enter Change Redmineld=#246092 Associate Reviews

Request Info

,Subject=Extend Field paid-up
share on Master File Equity
(Old 13 digit/ New 15 Digit)
Jmpactl=Check DB field
Jmpact2=a good opportunity,
migrate VB6 to .NET
Jmpact3=Recheck Module
BOT Report and PTI Report

,Manday=15
3 Associate RequiredNumOfPeers=3 Evaluate Change
Reviews ,RequiredMinNumofPeer=2 Request
,RequiredNumOfApproval=2
a4 Evaluate Change | reviewResult=REJECT Evaluate Change
Request Request
5 Evaluate Change | reviewResult=REJECT CCB Rejected
Request
6 CCB Approved End
7 End
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Test Case Id

5

Test Case Name

TCO5

BPMN Name CCBApproveProcess.bopmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
Enter Change
1 Start Request Info

Enter Change
2 Request Info

Redmineld=#246092
,Subject=Extend Field paid-up
share on Master File Equity (Old
13 digit/ New 15 Digit)
Jmpact1=Check DB field
Jmpact2=a good opportunity,
migrate VB6 to .NET
JImpact3=Recheck Module BOT
Report and PTI Report
,Manday=15

Associate Reviews

3 Associate Reviews

RequiredNumOfPeers=3
,RequiredMinNumofPeer=3
,RequiredNumOfApproval=2

Evaluate Change

Request

Evaluate Change

4 Request

reviewResult=APPROVE

Evaluate Change

Request

Evaluate Change

5 Request

reviewResult=REJECT

Evaluate Change

Request

Evaluate Change

6 Request

reviewResult=REJECT

CCB Rejected

7 CCB Approved

End

8 End
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Test Case Id

1

Test Case Name

TCO1

BPMN Name DisburseProcessWS.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Request Id
2 Enter Change Request Info | Requestld=99 No Request
3 No Request end
aq End
M3 A-14 nsdivadpUvMUUSRemTIRdeunsidnd1e TCO2
Test Case Id 2
Test Case Name =02
BPMN Name DisburseProcessWS.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Request Id
2 Enter Change Request Info | Requestld=1 Review Request
3 Review Request Approve
Approve=yes
4 Approve JApproveReason=0K Request Complete
5 Request Complete end
6 end
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Test Case Id

3

Test Case Name

TCO3

BPMN Name DisburseProcessWS.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Request Id
Enter Change
2 Requestld=1 Review Request
Request Info
3 Review Request Approve
Approve=no
4 Approve Request Rejected
JApproveReason=over budget
5 | Request Rejected end
6 end
Gﬂi’]\‘i‘ﬂl A-16 NTUNAABUVDILUUTIABINTIABUNISLTNTY TCO4
Test Case Id a
Test Case Name TCO4
BPMN Name DisburseProcessWS.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
1 Start Enter Request Id
Enter Change
Requestld=2
2 Request Info Request Complete
Request
3 Complete end
a4 End
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Test Case Id

1

Test Case Name

TCO1

BPMN Name BatchinidentReport.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
Review Incident
1 Timer Start PT1IM
Report
Review Incident
2 end
Report
View Incident
3 Timer Start PT1IM

Report Summary

View Incident

Report Summary

end

5 end
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AN A-18 NTUNAABUVBILUUINGBINITINNITANSBIVBNITNTIVADUTBRANAIA TCO1

Test Case Id 1
Test Case Name TCO1
BPMN Name IncidentSupport.bopmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
Enter Incident
1 Start

Information

Enter Incident

Subject=Not Found Market
Price of UOB

2 First Line Support
Information , Description=Not Found
Market Price of UOB.
Workaround=Please check
First Line price code and edit price
3 View Result
Support code Same as Security Code
, NeedToFixedSW=false
4 View Result End

5 End
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AT A-19 ATEUVAABUVDILUUIIADINITIANITAITBIVBNITATIVEDUTDRANAIN TCO2

Test Case Id 2
Test Case Name TCO02
BPMN Name IncidentSupport.bpmn
Remark
Test Steps
Wait
No Task Name Test Input Expected Task
Time
Enter Incident
1 Start
Information
Subject=Not Found Market
Enter Incident | Price of UOB
2 First Line Support
Information , Description=Not Found
Market Price of UOB.
First Line Second Line
3 P1DTOMOS
Support Support
Workaround=Please check
Second Line price code and edit price
il View Result
Support code Same as Security Code
, NeedToFixedSW=false
5 View Result End
6 End
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RUUNAR97 1 LUUINAINTITANAUAIVBISIUBNSAKIS

AN 9-1 BAAIRNANITAS 9N ILAUNVDILUUIIADINTASFUAIVDIS1UBISALIT

C o o | FRntiunns N15NAFBUIARINTY
A6uN ..
UIANYU ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 EAR 4 4 4
2 ELR 1 1 1
3 ERR 10 10 10
a4 ITR 16 16 16
5 VR 2 2 2
Srunufoususiviavin 33 33 33

b4

LUUNA899 2 : LUUTI8BINTATIVFOULDARUN

U

AN5991 9-2 UARINANTTATNTIUANYIVOIUUUTIABINITATIVAO UL DALY

Lo o | #eeuliunng N15NAFBUIARINTY
A6un ..
UIANYU ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 VR 3 3 3
2 TR 6 6 6
3 ERR 10 10 10
a4 EAR 8 8 8
5 ETA 3 3 3
SuauauARtIA 30 30 30
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159 -3 wanananisaiaiunuivesuuiaeteyiiniswilunuAseuenis

Wasuudas
o AAIUNT n1INAgaUIATANTY
AU .
UINYUY ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 ALM 1 1 1
2 ARM 10 10 10
3 ERR 5 5 5
a4 ITR 15 15 15
5 IVR 6 6 6
6 ACR - 3 3
Fruaufuauivionun 37 40 40
wuudaesil 4 : wwudiasmsadeumsiinge
M54 9-4 uananansaisiuauiveskuuSaenTndeunsinang
o Aaatunig N1INARUIATUNTY
GRIANT ..
UANYUY ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 AAM a4 a4 a4
2 ALM 1 1 1
3 ARM 10 10 10
a4 EAR 16 16 16
5 ERR 25 25 25
6 TR 21 21 21
7 VR 15 15 15
8 ACR - 3 3
Sruaufuaurivionn 92 95 95
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o 4 AAIUNT n1AgaUIATANTY
YT .
ULANVU ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 ERR 10 10 10
2 ERA - 3 3
3 ECA - 3 3
Sruauiuauriviann 10 16 16
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AN5199 9-6 BARINANITAS N AUNYDILUUIIADINITIANITANSDIUDNITATIFDU

VORANATIN
o 4 AALIUNIT N15NAFBUIARINTY
A6uN .
UIANYU ST-WEAK/1 BB-WEAK/1 BB-WEAK/N
1 EDA 1 1 1

FUNUTLAUAIVUA

1

1

1

WUUTIRaeH 7 : LuUTIaeInIsAIuILN1Yenemue1sidue

A7 47 UARIHANITASIHILAUVIVOIUUTIADINITAILINNNTTONDINUDISIDLLEN

Yo 4 AALluNIg N1INAHUIATUNTY
a1aui LY
fundu ST-WEAK/1 BB-WEAK/1 BB-WEAK/N

1 IVR 24 24 24
2 ITR 20 20 20
3 ERR 5 5 5
4 AAS 24 24 24
5 ARS 10 10 10
6 ALS 1 1 1
7 ATR - 1 1
8 AMR - 3 3
Sruruiusuyivun 84 88 88
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A5197 9-8 LAAINANITAS1ILAUTIVBILUUTIADINITNTIVFDUANUNTDNADUNITIUIZUY

o faatiuns AINAFDUIATINTY
SR .
UINTU ST-WEAK/1 BB-WEAK/1 BB-WEAK/N

1 IVR 2 2 2
2 AAM 8 8 8
3 ARM 10 10 10
4 AAA 4 4 4
5 ARA 10 10 10
6 ALA 1 1 1
7 AOR - 1 1
8 ARR - 1 1
9 XBR 3 3 3
10 ASR - 1 1
11 ACR - 6 6
Sruanuounuvivavie 38 a7 a7
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