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Naronggorn Wongsitthiphaithun : Transforming YAWL Workflows with Time Interval
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YAWL is one of the modern business process workflows. It provides the visualization
of easy-to-understand the workflows of business tasks with the single fixed time delay. In this
thesis, the ordinary YAWL would be extended by adding the time interval constraints attaching
to each task symbols in the YAWL workflows. By mean of the time interval constraints, the
labels of both lower bound and upper bound of the time delays are assigned to each business
tasks in the workflow to cope with more complicated problems of time efficiency in business
process workflows. As to simulate the behaviors of the proposed YAWL workflows with time
interval constraints, it would be converted into the corresponding timed automata and
simulated using the UPPAAL simulation tool. In this thesis, a set of transformation
rules is proposed to guide the mapping template of YAWL workflows with time interval
constraints into timed automata syntaxes and web application is proposed to convert YAWL
workflows with time interval constraints to timed automata. The resulting timed automata are

correctly converted and simulated using UPPAAL simulation tool.
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2.2. MUIENNYIVDY
TuanAdeiiigitestuasyaiis 4 933elaun Timed Automata for Workflow Modeling and
Analysis, Transforming YAWL Workflows with Time Constraints to Timed Automata, LA383l®
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2.2.1 Timed Automata for Workflow Modeling and Analysis [6]
1ne Afsoon Soltani, 2014
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2.2.2 Transforming YAWL Workflows with Time Constraints to Timed Automata [7]

Im8 Maruth-Ravibanjurdkul, 2021
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(Upper bound) uaguouLunaisga (Lower bound) Zsuunfnlasiadiangnisuvas LLazsﬁ'ayjaﬁwm’Tﬂfu

LANANGAY
2.2.3 3p4ila UPPAAL [4], 8]

UPPAAL 1Junasainiasilodmsunsiaaauszuuissalnifiimuilaeuming deguaean was

o =

wnInenaedavesn gniluldlunsalfnwdsudlnsinaeanisiearsivauteweundindudaiife

LAT9EIB AT UNITOBNLULN LD USEUUNAN5ad e duASav1evaselau i vuananty @

v dl s o s 1 o

venenefnlssuiuiy slndeyanilaseasie deddundldiivun waznisdalasluddeedymyiu

Y Y

UPPAAL nastusnitadalul 1995 duuatiuun dn1swauisgrsaiiios lnudydnual wazesausenaui

o ~

hunlglunuidell Aelduiiou (Edge) Fellosruseznoufe (Guard, Sync, Update) aesuyl 2.2 arugade

Y

Feflvaya Guard Ao t>=qa, Sync Ao next!, Update fio t:=0 uagsunis (Location) Faflaadusznaufie

=

(Name, Invariant, Initial, Urgent, Committed) ﬁﬂg‘dﬁ 2.2 ﬁmmﬁﬁamwﬁa;ﬂa Name A8 p_a, Invariant



Ao t<=b uwasfmualiduaniuzisudu (nitial state) Wnasuil 2.3 \Wunissaudeyaaingud 2.2 via 1du

Wou wazsumiadmeiulilnudeslamandanuauysalinniu wazlinsesuieiugiuvethiennsaives

29AUSENBUMINNSI9N 2.2 Tnen157199885UY Guard, Sync, Update, Name, Invariant, Initial, Urgent ez

Committed
p_a
t<=b
1 1l
’ié Edit Edge X ¥4, Edit Location X
dge Comments Test Code Locatlon Comments  Test Code
Select: Name: p_a
Invariant:
t<=h
Guard: | . __
Rate of Exponential;
TiE next!
Initial
Update:| .. _g
[Jurgent
] Committed
Cancel Cancel
Lid T

JUT 2.2 uandesAUsEnauTed oy uagdumisvedlvudenlnunm UPPAAL

p_at==a

O nexdt!

t=0
t==h

~O

JUT 2.3 uandesAusenauiiugiuvedlnudeslniuinily UPPAAL



A3 2.2 AdrinAnuiuguvethiensal waeauanedmsulnudeslauim [7], [4]

i) Foyanual ABBUNY
Guard Reulwnsowmmadounounsildvuliasaniug (State)
t==2 994 oolan1n Weulvinuualazdoaduasuviitdy

nsNIunIenIsilasuanIue (Transition) 3998LARTY,
Guard gUanRgULLEUTDULELD

Synchronisation next] aglusvuuy | vse 2 Wudesdygliinisdiazsu
fyauieliinnsildsuaniuy

Update =0 FrgnsinatndaunIgganIaiinatIufelinatsie
$798909URN MUTTIWIWAL LazAAwintY uag
muuaAs ALl UL RNty

Invariant te=h Reulufinssmuinaives Invariant witudiazause
agluaniuziild dlunsszlidarunsalfsuudandn
wfanueiild vsedegluaniurilogudirzgnisdu
Wasuwlasanius

Initial @ aouzisuAuveslnuneslaun

Urgent fAnunineiguiiAuNIsiEu RNy x du gn3

locations @ Winuureurdnviavan wagd Invariant x<=0 UuaaUY
Falivdeglinarinludiessuvegluaniugisaiiuuay
ggnUsAulUAguwUasanugYiun

Committed Wun1s3ndanisandunisuinnda Urgent locations

locations anugiianuyadumniddunsla 9 luanuginseyin

RN v

FruanyaTuaza i lile waznisiasuaniurase

q

falUADIld1UIINVIDDNVRIFIWAUINAINUR BENUDY

ORI
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TnuiAsesiia UPPAAL flosAusyneau 3 d@unande Description language, Simulation, Model
Checker N1vMausiuiulutosns UPPAAL Engine &sadunelaninisnedl 2.3 lagaiuisneoanuuy
InuseslauinIniiu Description language 91899015%1191UKNIU Simulation Waz@INITANIUAD UK

Model checker 19

A5 2.3 wansauUsEnoUnanTes UPPAAL (7], (4], [9]

YapIAUsENaU AnaSue

Description language duvimifesuneanumnevesiaulsae 9 vaulaenns 1Wu
wuudnaeavsentwfignesnwuull iieeSulenginssuvesseuy

LAS8918DBLANINN

Simulation druivhnihduiesesliedmsunaaeusunuunisussuianawuy
Tau1fnluseninani1seonwuy ©3aluseriInan1sasIuudIand

\eanlemaianainadneunaziingdiuves Model Checker

Model checker drunyuntnNnsadeueulvyInian (Invariant), AnauU@AnIs

q

1184 (Reachability) luguwuuvesiuuinaeslsgiianiug (State

space)

n1smuasuaman’Aves UPPAAL YU Model checker agnseyinluguuuuveduuuaauniy
(Query) w99n535nA@nsAUlInISATUIULIAT (Timed computation tree logic : TCTL) H1UAINTIAEOU
lauma (Model checker) Tna@aniiunisvesnssnaansauldnisauiunailseneuluaigfie Usenwail
(Proposition) 141 &, ¥, @ FaaLdun15a0dn (Logical operators) [10] A2A1LHUNITTINTINEADAT
snflun1sunf : - s (Not), V %30 (O, A uaz (And), = &1uda (If.then) waz < Aseilo (f and only
if ) wazafiunisidaaan (Temporal operators) IngUsznaudae Ad — wavaa (AW : & FRNREVR
Wuymnaisusuananuz gty E¢ - fog (Exists) : TedhaoendadunsiiFusuananiusdaqiuil ¢
8l uagiszyRmzlEuN X - dald (Next) : ¢ fesegluanuzdnly (mm%@&hﬁwLﬁumiﬂfﬁ]xgﬂszq N
wnuizilu X) Go - alan (Globally) : & Foadadunmefinnuunaun Fo —Iuﬁqm (Finally) :1u17iqm
$ Adpsegluaniug ladnuisuudumsfionuun) d U g - audis (Unti) : & desdioliogadosfiauninay
Sasundadt foag Famnenudn O agldsunsiuduluewan o W b - sudauulindouss (Weak

until) : ¢ dasiialiaundt P azatey AnuuANA1Iiy U Asliifinnsfudseiudn ¢ axlasunistudu é
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v @

AMRUNTT W UNASIS 8N "uwe" (unless) tnaliduanwal warosuratiudulasanisiad 2.4 taglu

o

As9tareSuenssnAEnsAUlINIsALIMNaI WS a9lla UPPAAL 995U

139 2.4 asveRuENTRUouvemsInmansaulinmsAuaaiensugeuwuuIaes [7], [4]

)

{ )

(

AENURANTSIUAS (Reachability properties)

AENUR AasUY
A A o A o & z Y
. ~ Wieduduinanusnnmuuatuaiursadulule
[ o y3old MMlalagnisnsisgeuinded1etoenil

wdumg (Path) MlUBesuntanfenis awnse
WeulugUvewmsinenansaulinisduwiniaaile

Ml E<>@

Al o Q

E[l o

* ,‘-

AuaNURAIUUaRAdY (Safety properties)

\umsniuasulasduduitlunn 9 dunieidl
AU ATINNABINTT aunsaldeuluguves
assneansdulinisiuianatlddd Ale waz
Ele

TN

AuaTRN1SAsY (Liveness properties)

Tunn 9 wdunmeazdilugiumie @ Ndean1sniu
dau ansaleulusuvesnssnananiauliinig

AuIalan A<>@
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2.2.4 pseudugada [11] [12]

nszuanusatallunislunssuanuiianunsasduiensnszuiunismugsnaladanissdeseada
UsgnaumemuiladmniumaninanuvesteMuuaan1zIaInsyuIuNg waztdudu (Engine) dmsuns
AdunsdofivunlanIzreInsEUILNTUTENOUMEMILNUTBINTEUILNTS Tanua T LT udmsu

nszUIuNInluliivenszuiun1stunaunsAIual inens wasdeya lAeNTEUIUNITNINGIAIYN

o

sdveduduresnuluguiuunsiin Awandlugui 2.4 iwesesdiovedatalunszuanueaiaeaiu

Y a o 1

nsseniuRuresinde Sududeindaviinisdduudmil Imnsaunsandiloszeziiainisgilunu

Y

[

“Confirm rental” W8N TUADULY LMTTIAaAUAIaEATdeUluLdwmilieg Lazamsaunlusiale

dnlugnanaglasundanedivlundminunloudy wagdenstuasdiseRuauluudmi

Eo o L L @

Sendinvoice Confrim rental Check rental Inform Supplier  Pay invoice
prices

JUN 2.4 fegnszUIUMINLATeilotda

2.2.4.1 deydnwalnszuaanueada (7], [13]

v
o v

TulUsunsuuAlunszuasueeia dannlanszuanueeiaddganvalilelusuidefl Input
condition, Output condition, Atomic task, AND-split task, AND-join task, XOR-split task, XOR-join
task, OR-split task kag OR-join task lnggnasuledenisneil 2.5 afulenssnevasdydnuainszuau

g07a
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M157 2.5 dyanvalnldedutenssuiunmsinnureinseuanueeiaiinelull (7], [14]

=8

2

[

Foyanwal

ANBsUIY

Input condition

ASUAUNTTUENULR IR

Output condition

>
()

v

PAUGANTERANULRTA

Atomic task

STUUNUNANLTNY 1 91U

AND-split task ) A0annsTIaNUNIaNIUNNNTERANY
v
—> NSRUNTTUAIUY
AND-join task —» ISUNTTUANURBDIIDNNTTULAUT AU
—»
NNNTEUAIY
XOR-split task > \BonasoonnIzay 1
—
_’ o
NILHANUNSINUNTTIANIUY
XOR-join task —» SUNTTUANTUAUATANSZUENWTLN 1
—>
» NITUAIY
OR-split task — A9DONNTZUANURIUANIDUNATTUEN Y
—>
nasaunszuaudagtu

OR-join task

1
]

LSUNTTMAN UL DINTTWEINUTNLN

YN T WA UNTDLINUNINUA
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uni 3

nszurunIsklaInsewasugalalululnusaslauini

unilztauenszuiuntsulainszianueeialydulnudeslnmeduin msinaesnisvinide
nsuvasannnszuanueaialildulnudeelauini lnefinsifiudedidngisiad Tausngaazdiiaus

U @ @

AMNTIMVINUIIBAITUN 3.1 Tnedduneudsil Ainswmuisuieudydnuainszuanueada waglnudee
Towen nawnuuwinszilassadwiuendiduseavenseuanuesia uazlvudeelauiniiiieiun
ponkuuNaetuNskUal wazueUndwdusall Turhengatussiiemadnsilaainnisuuaudilunu

aauluaieaile UPPAAL TngaSuiusieazidunvadniazianssunaly

4 )\
¢ 1
wilsendiduLaanseua PSP AN TR AN JORy < day o &
N 3.1 Anszsilssufisudydnuainssuanueeianidediingisam « ShansEmernees
'3 o -
ugeia naTesile T ;
uazlyasioalanm Tnsnmaniesedile
. \_ )
goia
+ UPPAAL
4 N\
a v 6 @ I3 I3
3.2 Anseflaseasrsuiuendiduneavesnsenanueeia waglnus
28lANIAN
\ J
v
4 )\
Y o o v Y ¢ ANy o o
svudesingruaanly 3.3 9ONLUU wazasanusilunsulainseuanugeiafiidesin
]
- > \ 5 U R !
SULUUTOULIAUDITY dranandulnudesalnunn :
AUl
1
\_ 4 v
aglunisudasnszuanugeadulnug
palauauuuiitesiiatasaan
4 i
4 N\ |
v s s o @ 13 [ !
3.4 9ONUUU wazas1wandsdmsunsulanseuanuseialu !
Inusealnunm
o * J
s N

3.5 MudsUNaans InuAelnunly UPPAAL

v

O

5U 3.1 MAUSINVBINTLUIUNNTIVY
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o w

3.1 MsAziIsulisudydnealnssuanueaianiidaginadawian wazlnudaslnuim

o o 1

Tunszuaunst duusnaniemnszuanuseiaiiidedfndisnanielinszuanusefaiiu
anunsasyydedningiaiald wasihindieseiinezudasiuidudinvesnuninlnudeslnumnilasuuuy
Tn wdsnniufidsldaeseaniuy waradenszuanusolaudniluaosoonuuulnudeslnuniiinasd
anweliluegrslslildmsinuiiaenndesiu Tnglduwdaiusazaulunszuanueeiadu 1 nudesls

wenffingAnssuuiiouiu wednwlassasislunisulawsly

[

3.1.1 MsAvuAdeINYeINsELaILEaIanldadnnndeIan
fenunszuanugeianiivednindiwian 8 8 yiia YWL = (C T, G, C, 1D, Kpgw Ky A) 619
M15797 3.1 leglupsnsazeSuredinusenau wasAesu1eves G 7, G, C, TD, Kooy K a2 A 1o

Kinao Kmin 2 0udmvadadidngisaiigniiudunlunszuanugada

A15799 3.1 85 U8BIAUTENBUTBINTLHEINULD IANLVBIINATIIAN

daulsznau A195U"Y
C wavesdouly (Conditions)
T LR 99U (Atomic task)
G Geulalunisiida (input Conditions) ¢, € €
G deulvlunisiiesn (Output Conditions) C, € C
D Herduiliseduiiouanangfinssuwesy 1D ;T —>f

AND-Split, OR-Split, XOR-Split, AND-Join, OR-Join, XOR-

Join}

K o HanduineSurgdisnatdnnueulauueesy T el N+

Wudwuduuin K, T —N

Ko HanduieSungdisniatdninueulna1s ety 7 lagdl N+

Wudwwduuin K, T —N

in -

A wAvaInIsdouse xy) e xy € (C UT) uag A &

(CxT) U/(TxC)
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A o

PH991NDYIUNTLLANUYDIANTVDINNAYINIATLAT FLVINTAS1INTERANULDIANANYINTS

nuiiguiulnudeslauim degd 3.2 TasmsinuluurnuYenszuanugeia lagndanauns

1Y)

MUT0IU p_a ha9zdwuluyvienu p b wazaiu p_c aunuiu Ineflou p_g agvilanseiionu

Ya o = o

p d, p e uay p f Aouaiadunds nanilanssuanueeiaudmideduhluisuiisuivlnuseslin

U

wndnsdimsvhaumeudutuaisidnvuzilusglslanadagui 3.3 Wnglduwifnlunisesnwuy
tuaznasliwsazulunszuiuniseeiadu 1 lnudeelauin wavesnsieseiilsouiisudydneal

AsERaUEalanivednntInia waslnuneslauinarleanuduNuSIUeIRUSENININTERaAIUEaIANY

Tnuseslaunuiieldidudundduniseenuuungnisuassisly

|

Process pa

._ — "’O .FO_:,@—"@_"O L‘bzlj \-\-.1)@—7_

aa<=10

p_c p_d

coe=11 dd==10

JU7 3.3 feglnudeslanniilaainnisldiniesiio UPPAAL
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3.2 msdmnzdlaseadruduendidunoavesnszudnuesia vazuduendidunsavaslnudoaln
EValg

iieTzulanszuanuseialufulnudeslaum lunssuumsisniuasdoiinmeilaseai
wiluendidunearenszuanueeia uazlnudoslauin uoneIdusznouTaIwin uazAMENYIEAN 9
deAnwinluwsasdydnuaivesnsruanueeda warlnudeelnumansoadaduunldegals uax
ansofstoyannuiendiduuealsodisgnies ileltlunisesnuu uazasslusunslunsuvassely

[ 4

TngiFuusniuazAnwianuduiusseninedanwalnsyuanueeia wazuiinlendiouleanou nasantu
[ 1 s a 3 = = 3 @ o [ L4
zifudiuveslnusoolauini laens19i 3.2 azidunsilTeuiisuuinendlontea uasdyanyaluss

nszlanugelandmuaenndosiuegls

M31991 3.2 MegeANUENRUS ST rIsdanwalnseLanugeda Lasufinlendidunea

foyanwal ufinendiduuea A1asune
Task <task id="p_a"> wihseuing o duduiszneu
</task> VBINTLUIUNT
<name>p. a</name> %ammmuﬁu 9
<flowsInto> izqmuﬁmlﬂﬂuaqmmamwfu 9

<nextElementRef id="p c" />
</flowsInto>
<flowsInto><nextElementRef

id="p_b" /></flowsInto>

Join and split type <join code="xor" /> JeyYUTelanuey join Uay split
<split code="and" /> YDA 9)
Input Condition <inputCondition ASUAUVINTEUANULD D

id="InputCondition">
<flowslnto>
<nextElementRef id="p_a" />

</flowsInto>

</inputCondition>

v

Output Condition <outputCondition gmﬁuqmmmmamuaaia

@ id="OutputCondition" />
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Tnem15991 3.2 dugnuen uasdnsgiunnnuiluendiduueavensruainueeiavesgud 3.2
Tnguanaaniza1u InputCondition, p_a wag p_b fsgu#t 3.4 lnglugutuazuansteyasnasidunves
uvin <inputCondition>, <task id="p a”> way <task id="p _b”> adnsideuseiunulatie & 7D n1s

join wag split wuule

<?xml version="1.0" encoding="UTF-8"7?2>
<specificationSet xmlns="http://www.yawlfoundation.org/yawlschema" xmlns:
<specification uri="thesis_and">
<documentation>No description provided</documentation>
<metaData>
<creator>Naronggorn</creator>
<description>No description provided</description>
<coverage>4.3.1.772</coverage>
<version>0.1l</version>
<persistent>false</persistent>
<identifier>UID bf0f2188-c186-4d20-8ad9-92fldfebfceé</identifier>
F </metaData>
<xs:schema xmlns:xs="http://www.w3.org/2001/XML.Schema" />
<decomposition id="Net" isRootNet="true" xsi:type="NetFactsType">
<processControlElements>
<inputCondition id="InputCondition">
<flowsInto>
<nextElementRef id:"p_a" />
F </flowsInto>
F </inputCondition>
3 <task id="p a">
<name>p_a</name>
3 <flowsInto>
<nextElementRef id="p ec" />
F </flowsInto>
3 <flowsInto>
<nextElementRef id:"p_b" />
F </flowsInto>
<join code="xor" />
<split code="and" />
3 <resourcing>
<offer initiator="user" />
<allocate initiator="user" />
<start initiator="user" />
F </resourcing>
F </task>
E <task id="p b">

<name>p_b</name>
<flowsInto>
<nextElementRef id="p 4" />
8 </flowsInto>
E <flowsInto>
f <nextElementRef id="p e" />

U7 3.4 segrsendiduueareinseuanueeia

PnANLFUITLSSYINsddnwalnsuanugetaLazuinendiduweay s lansuwinidndu

Tunslduvaadulnudesinunideusosuds imsagUlassadwosinlaeausaesuneilulaseasned
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nlulddsgua 3.5 Taazeduredsduisaulaldlunisulasie uiin inputCondition, task Ans 9 waw
outputCondition Faagneleiuiin processControlElements wazdiufingneing  Mieades i flowinto
& v o v | o < & & v o a .. I 2 g v '

Judeyanlduonimasainadduanuiuwdiasgnasseluiinule join iuwiniildueniinssnevesiu

1y 9 Revnduluguuuule

specificationSet

v

| specification

v

| decomposition |

+

processControl
Elements

—— inputCondition |

g flowsinto |

—>| nextElementRef |

> task |

—>| name |

— flowsInto |

L» nexiElementRel |
> o]
| split |
——»{ outputCondition |

JUT 3.5 uandlassadraendiduueandndulunisuvamenssuanueeia
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NEIINIAIILAATIAS 10N TLBULDAVDINTE WA UEDTALAL FBlUTNITIATIZRLATIAS

¢ I3 a I a a < ¢ o W '3
wngiouLeavedlnuneslauini Inen19199 3.3 azilunsiuTeuifisuuinendlduues wasdyanvaluss
Inunealauini IneazAnwIantnuAealauInINd 2 fFwriud Aeruwsnd Invariant A8 i<=0 wavLay

LWONTTMINEUNRUILSA wazaesiuUsznauluaiy Synchronization fie al Wag Assignment @g i:=0

M519% 3.3 AnuduiudsEwinsdyanvallnudeslaunn uazufinendiouuea

feyanwal uinendiduuea A1adune
<template> seudoyaves 1 Inudealnuimm
al
</template>
j==0 i=0 )
<name>start</name> Polnuneslnuin
<location id="id0" x="0" y="0"> Fumnsvesdyanwalang 9 Tu
<label  kind="invariant’  x="-10"| 14198 LANINAVDIATOIND
y="17">i&lt;=0</label> UPPAAL B3in1552Y invariant

</location>

<init ref =”id0”/> A usuTedlnusealn
11911

<transition> seynisUasuilasiunssuiu

<source ref="id0"/> NI3UY 9 LYY NITAINUAAINIT

<target ref="id1"/> Falasluditoulasng 9 Wudu

<label kind="synchronisation" x="42"
y="-32">al</label>
<label  kind="assignment"  x="34"
y="9">i:=0</label>

</transition>

<declaration>clock i;</declaration> nsUsEnEsLUsURslNNReBln

41nN

laen13197 3.3 gnInsIziunIndlegendiduLeaveslnudeslnu1nangun 3.6 Falin1suus

Tnuseslnuaiduusayinuseelnuneulaelduin template waznislunsnazlnuneslauinoutuazdl
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wiin name s¥yBevedlnugiaalauini uiin declaration szyn1sfisunsuseniadinUsvesealnuniuy 4
wiin init sEuiurissuduvesinudeslauini uiin location NieSuteseasidenaidussnauTawIUMLS
Name, Invariant, Urgent, Committed Wiin transition fiedunesgazidenasnUsenauvasduLtion Guard,

Sync, Update lngaginsseyusumiansniu waguaigniemie

<?xml version="1.0" encoding="utf-8"7>

<!DOCTYPE nta PUBLIC '-//Uppaal Team//DTD Flat System 1.1//EN' 'http:/
H<nta>

<declaration>// Place glcbal declarations here.</declaration>

=) <template>

<name x="5" y="5">Template</name>
= <declaration>// Place local declarations here.
relock i;</declaration>
= <location id="idO" x="0" y="0">

<label kind="invariant" x="-10" y="17">iglt,;=0</label>

S </location>
=| <location id="idl" x="89" y="0">
H </location>

<init ref="ido"/>
=] <transition>

<source ref="id0"/>
<target ref="idl"/>
<label kind="synchronisation" x="18" y="-17">al</label>
<label kind="assignment" x="18" y="0">i:=0</label>
- </transition>
+ </template>
5| <system>// Place template instantiations here.
Process = Template() ;
// List one or more processes to be composed into a system.
system Process;
S </system>
& <queries>
E <dquery>
<formula></formula>
<comment></comment>
+ </query>
S </queries>
L</nta>
I

U7 3.6 egruiluendiduueavedlnudeelauiniaininsesiio UPPAAL

nANnuduiusssnIndyanvallnudeslnuini wazuinendiouneavinlmislansiuuing
o & v ¢ o 1Y o a I3 v Ao
Judulunsldudasannszuanueeia vinsasllassadiweswnnlasaiuisnesuieilulasasnenan
I3 Yo al' = a = 1 P 41 < = 1 v & ~
Juladsgun 3.7 Faagedunsisdiisaulalilunisuvasfie uiin template sagneluiin nta uazil

wingneing o Mieades 1w name, location, init uag transition fiudeyaveusasivudeslauinieg



22

Jusiu Ieeluusiazuiinges location Aaziideyavetusiag location ag wazuiin transition Aazddeyaves

wriazlduTeet

nta

M»|  declaration |

— template |
e ]
~»  declaration |
> location |
S ]
> label |
.
“»  committed |
] init |
> transition |
S ]
o]
— label |

U7 3.7 wandlpssadvendiduueavesinudeslnuinainaiesiio UPPAAL

3.3 N159DNLUY Lazas1anaailunisuuansenasueaianiidesnagrwrandulnuneslauini

n&nilddnu wazliessiuisudsunssuanueeta wazlnudeelnunm saFunginssu
uaglassairauiinvesondidutoaudnidouasins q meenuvuidungnisuasinnszuanuseiadiil
Fosrintarsandulnusestauin Wiwmised 3.4 FeeSurednvazaulunssuanueeiasiia Input
condition, Output condition, Atomic task, Atomic task to outputcondition, AND-split task, AND-join
task, XOR-split task, XOR-join task, OR-split task, OR-join task L&z loop Lﬁaiﬂumﬁa%’wwaw&n%

Fnsunsulasnsewanueaialulnudesinuinisal
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o Aeyanualeada wazdaaaan Inudealnuini
Input condition cF==" startTal
| | startTal
‘ : ——— |
1 . e
---- @ main_clock:=0 O
C1 Ta ‘ LO _ Lstart
main_clock==0
Output === OutputCaondition?
I 1 »
condition : : . . .
Ta C2 L0 terminal
Atomic task Co tartTa? clock_Ta:=0 clock_Ta»=Tlow TastartTh!
1 startlay clack =U Clock lTa==T1low astartio!
=H P @ @
L1 ©—© O ©—0
Ta [Tlow, Tup] Tb L0 Lstart Ldo GO Lonext
clock_Ta<=Tup
Atomic task to 5T
> —p 1 startTa? clock_Ta:=0 cjack Tas=Tlow CUtputcondition!
outputcondition \\-/' Py - ;!-%Q‘"—TW 1 = |
-1 0—© O ©O—0
Ta [Tlow,Tup] C2 Lo Letart clock L'Il?gﬁTLIF' e s
AND-split b
/'1- ——— clack_Ta>=Tlow TastartTh!
— P Tb startTa? Lstart Ldo Ldone LOTh
Fon )
Ta [TIowTu]\Ar"”' @ C~ c o
P :____E Lo clock_Ta:=0 clack_Ta<=Tup
Te .
AND-join r
:_ I \ _____ TestartTd!
! 1
Ta — . TastartTe?  TastartTc? LOnext
- /' R Lpre Lstart clock_Te==Tlaw Hnex
1 ¢ Tc[Tlow,Tup] Td w o
L '@".. 2 clock_Te:=0 & S
Tb ThstartTc? ThstartTc? clock_Te<=Tup Ldaone
XOR-split
/ clock_Ta>=Tlow TastartTh!
—» To startTa? Lstart Lda Ldane  Lonext
Ta [TIow,TuIJ]\": ----- E @ @ O {E\
oo LO Cloek_Ta=0 ack Ta<=Tup TastartTcl




24

15197 3.4 ngmswlasannnszuanueeiauuuiidedriagisiantudulnusesinum ()

= v W ¢ I3 ' '3
p) UANWMYDIR LasYeLIAN Inudealnuini
. oS
XOR-join ' .
'____\ Fo-s TcstartTd!
Ta _._bi ! ]
_____ / L TastartTc? clock_Te>=Tlow -
i : _ - LOnext
! v T [Tlow,Tup] Td Lo Lstart Lda
1
_rloc =0 Ldane
ThstartTe? C1OCK_T clock_Te<=Tup
OR-split ' :
/v: | clock_Ta<=Tup
----- Ldo Lstart L0
— O Tb £ _ clock Ta=0 ?
\A,_____ clock] Ta :TI-:w's;v
Ta [Tlow, Tup] ' i c=1
L] Ldone startTcl LOnext
Te
Ldone b=1
OR-join TestartTd!
TastartTc_or? TastartTec_ar? clock_To==Tlow Aney
_____ . Lo Lpre_~__ Lstart Ldo Loned
O 0 0 _Jo—0—€
' T olock To=0 o o Ldone
I"'I'"-I r===" | ThstartTe_or? TostartTe_or? Cloek_TE=0 ciock_Te<=Tup
a '—’ 1
! I skipTh?
romm o T 1 Lo Lsent LOnext
] ! Te [Tlow, Tup]
N 0_o0——0O
T ThstartTc?  ThstartTe_or!
skipTa?
Lo Lsent LOnext
TastartTc? TastartTc_orl
Loop Extra at end and initial location
. startTa? clac astartThl
of Timed Automaton tartTa? clock_Ta(Fdge from LOnext to 10| TastartTl
O—=(©) () ©) c
= oy pty
L0 Lstart Lda Ldaone LOnext
clock_Ta<=Tup

[

9100152497 3.4 ngnsulasannszuaueedatuuiidedidndranluidulnudeslauiniaiunse
ssunedutuneuiieldlunisesnuuunisitauyesendwissaiensda 7D vis Join MU Split w1nnda 2

NusaslUil
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ngdefl 1: n1suUas Input Condition vasnszuaUEada

v ¥
o a a

fnuslinsenanueada YML wWiswlasluidulnuseslauim TA Sdussuniswlassssaludl 9

LEASlUANS19N 3.4

® {wu Input condition C1 MideulUg Atomic task Ta Tu YML udradrslnusesiauini TA
fiusznaudie L0 (Urgent location) Aifliduidexludssumia Lstart warfvuali L0 Ju
Initial location & Invariant 1Uu main clock <= 0 Fudousening LO, Lstart a¢iinn5d9
Synchronization channel startTal Tnganunsaussnasauusiasi main_clock := 0 (10,
startTal, -, main_clock := 0, Lstart) € E, L0, Lstart €L , main_clock € X wag (I
{ main_clock <= 0} : LO — { main clock == 0})

ngde?l 2 n1sudas Output Condition vaenszueasIUEaIa

¥
a a

fvualinsesanueaia YML wWiswlasludulnuseslauinn TA Sdunsuniswlassssalud 9

LRI UANS19N 3.4

® {1wu Output condition C2 MABNUIAIN Atomic task Ta Tu YML waradrslnudeeln
1101 TA NUsEnaumly L0 Tidudenludesumue Lterminal waginualy L0 WU Initial
location @y Lterminal W1 Committed location vduldiauazning Lo, Lterminal A%

P [

$in13595U Synchronization channel 8 Outputcondition? Insa1u1sauszniaainUsle

gl (LO, Outputcondition?, -, -, Lstart) € E gz L0, Lterminal € L

ngdefl 3: n1suUas Atomic Task YadnssuaULada

¥
a a

fnualinsesanueada YML wWiswlasluidulnusealauim TA fdunsuniswlassssaludl 9

LARIlUANS19N 3.4

A

o iy Atomic task Ta Tiflgaaian [Tlow, Tup] wazidienluds Atomic task Tb Tu YML wén
a¥1dlnudoslnunn TA fiuszneudie Lstart (Committed location) Weusalilosiu Ldo
wa Ldone (Committed location) Inefl Ldo f1yua Invariant #e clock Ta <= Tup 1éu
Feusening Lstart fiu Ldo fmual¥ clock Ta =0 uaziduldeusening Ldo fu Ldone
fAmun Guard conditions A8 clock Ta >= Tlow

o Lfiugumia L0 (initial location) ieulus Lstart Tnsuududenves L0 U Lstart $n13
wqmﬁ%’u Synchronization channel Yo startTa?

o fiusunis Lonext aurenan Ldone Insuuidudonsswing Ldone U LOnext a¢

N384 Synchronization channel fe TastartTb!

o

Taga1unsausenadUstaR el
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® [0 Lstart, Ldo, Ldone, LOnext € L

® clock Ta € C

® (Lo, startTa?, -, -, Lstart), (Lstart, -, -, clock Ta := 0, Ldo), (Ldo, -, clock Ta>=Tlow, -
, Ldone), (Ldone, TastartTbl, -, -, LOnext) € E

ng%’aﬁ 4: n13uwUag Atomic task to outputcondition YDINTTUAUD I

v ¥
o a a

fvuslinsesanueada YML wWiswlasluidulnuseslauim TA Sdunsuniswlassssaludl 9

LEASlUANS19N 3.4

® {wu Atomic task Ta fifveeian [Tlow, Tup] wazidenlusa Output condition €2 Tu YML
wasslnudeslauini TA fiusenaudae Lstart (Committed location) Weuseiiieariu
Ldo war Ldone (Committed location) Inefi Ldo fwiun Invariant fie clock Ta <= Tup
Gudousyning Lstart fu Ldo fhmuals clock Ta = 0 wazdudeuszning Ldo fu
Ldone fiuum Guard conditions fie clock Ta >= Tlow

o Lfiugunia L0 (nitial location) iWonlus Lstart Insuududenves LO fu Lstart $n13
5¥UN155U Synchronization channel Foi startTa?

o Lfiusunis Lonext Wouseu1an Ldone tnsuuidudonszning Ldone fU Lonext 2zl

n1584 Synchronization channel fie Outputcondition!

TngarunsausenaaILUslan el

® [0, Lstart, Ldo, Ldone, LOnext & L

® clock Ta € C

® (L0, startTa?, -, -, Lstart), (Lstart, -, -, clock Ta := 0, Ldo), (Ldo, -, clock Ta>=Tlow, -
, Ldone), (Ldone, Outputcondition!, -, -, LOnext) € E

ngdan 5: nsudas AND Split vasnszuaaueada

fnualinsesanueada YML wWiswlasludulnudeslauin T4 Sdunsuniswlassssaludl 9

WEAILUANS19N 3.4

® {wu Atomic task Ta fifiga9381 [Tlow, Tup] wazideuluss Atomic task Tb waz Tc Tu
YML wiasalnudeslningt TA fiuszneudie Lstart (Committed location) Weusaiios
U Ldo uag Ldone (Committed location) lagfl Ldo fviua Invariant fe clock Ta <=
Tup wéudonsening Lstart fU Ldo fmuali clock Ta = 0 wasiduifensewing Ldo fu

Ldone finviug Guard conditions A clock Ta >= Tlow
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Wiasumis L0 (nitial location) e lusy Lstart Tneuwdudonves L0 fu Lstart 3013
5¥YN153U Synchronization channel o startTa?

iNFIWILe LOTb (Committed location), LOnext 1deusaiiiesnain Ldone TnsuuLdu
Wousyning Ldone U LOTb 938n15ds Synchronization channel fie TastartTb! waz

LWoNIEWIN LOTb AU LOnext 3giin158e Synchronization channel fie TastartTc!

Tunsdifi AND Split = n tasks

WL LTI € L lagdl i=1 83 n W@suasiilasann Ldone LauAazlduldauaziin1sn1uue
Synchronization channel @e TastartTil Tnaynsunsfiiadansmundy Committed

location &nLiusaEATINY

ngdad 6: A1suUas AND Join vasnssuaUEada

fvualinsesanueada YML wWawdasluldulnuseslnuin TA Tdunsunisulassasalull Auvand

Tupns 97t 3.4

Frwu Atomic task Tc fidaaanan [Tlow, Tup] \Fousnan Atomic task Ta wag To lu YML
wihasslnudeslauimi TA fiuseneudng Lstart (Committed location) Weusreifieafiu
Ldo uaz Ldone (Committed location) Ingfi Ldo fwun Invariant #a clock Tc <= Tup
Guideusening Lstart iU Ldo fvuali clock Tc = 0 uwazidudousening Ldo fu
Ldone fivun Guard conditions fie clock Tc >= Tlow

Wiushums L0 (Initial location), Lpre fiawnti Lstart a3 adudionvas LO fu Lpre wax
Lpre #U Lstart gay 2 dulagidunsniin13szynis3u Synchronization channel #8731
TastartTe? duiiaesiodn TostartTc?.

WRUSUIIS LOnext 1W@ousex1an Ldone tneuududonszwing Ldone fu Lonext 4l

n15a4 Synchronization channel i TcstartTadl

Tunsal AND Join = n tasks

Wi Li € L lagfl i=1 §9 n-1 Aeuntd Lstart uagiisduousumisnoumin Lstart fag
n & Iaedl Synchronization channel Ao TistartTc? laefl i=1 619 n VuEUTauEUl LA

AU

ngdef 7:  n1sudas XOR Split vasnszuaIuaia

Anualrnszuanueata YML weasladluidulnudeslnuimn T4 Sdumsuniswlassssallil Nuana

Tupns1edi 3.4
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® {nu Atomic task Ta fifiga91381 [Tlow, Tup] wazideuluss Atomic task Tb waz Tc Tu
YML udradslnuseslnunn TA ivszneude Lstart (Committed location) Weuseliios
U Ldo uag Ldone (Committed location) Taed Ldo fvua Invariant e clock Ta <=
Tup Wdudonsening Lstart U Ldo fuali clock Ta = 0 wasiduifensewing Ldo fu
Ldone finviug Guard conditions A clock Ta >= Tlow

o Lfiushunis L0 (nitial location) Wenlugy Lstart Tneuwdudonves L0 fu Lstart 3013
5¥YN153U Synchronization channel o1 startTa?

o LU Lonext nawuls Ldone a$1aduidionszning Ldone fu Lonext 2 Wdulng

L@ UWINAINT5Ee Synchronization channel Ao TastartTb! wagiduiidesfe TastartTc!

Tunsad XOR Split = n tasks

® LWNdULToUTENING Ldone , LOnext n L@ nnun Synchronization channel TastartTil
Ined i=1 8 n Tunsazidunuainu

ngdef 8: N13uYAd XOR Join vadNsEUANULRTR

fnuslinsesanueaia YML wWewdaslUidulnuseslnuim T4 fdunsunisulassiasalul Avan

Tupns1adi 3.4

o {wu Atomic task Tc #ifigaa3a1 [Tlow, Tup] Weusnann Atomic task Ta waz 7o Tu YML
waadslnudeslnuinn TA fiuszneudae Lstart (Committed location) Weuseiiiesiu
Ldo wa¢ Ldone (Committed location) lngfl Ldo fnuun Invariant Ao clock Tc <= Tup
Euilousening Lstart fU Ldo fanualif clock Tc = 0 wazidudeusening Ldo fu
Ldone fiuun Guard conditions fie clock Tc >=Tlow

o iusuvnis L0 (nitial location) Aeunt Lstart Tnsadraduidouds aduszning L0 fu
Lstart vduwsnazini155u Synchronization channel e TastartTe? wasiduiiaosfe
TbstartTc?.

o iusunie Lonext \ieusennan Ldone Tnsuuiduiiionsswing Ldone AU LOnext 9zil

N1384 Synchronization channel Ao TcstartTadl

Tunsed XOR Split = n tasks

® NdUYRNTENIN LO AU Lstart n U fvua Synchronization channel @e TistartTc!

1089 i=1 849 n TuwAazduAuasU
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ngde?l 9: n1suUag OR Split YaensEUaUEaIa

v
o

fnuslinsenanueada YML wWewdasluidulnuseslnuin T4 ftunsunisulassiasalul Avans

Tupns1adi 3.4

§rwu Atomic task Ta fiflgaai3a [Tlow, Tup] wazsieuluss Atomic task Tb waz Tc Tu
YMLuEasalnudeslnumn TA ivseneudie Lstart (Committed location) iWeusiaiiies
U Ldo uag Ldone (Committed location) Tagd Ldo fvua Invariant A clock Ta <=
Tup Wdudonsening Lstart fU Ldo fuali clock Ta = 0 wasiduifensewing Ldo fu
Ldone finviun Guard conditions A clock Ta >= Tlow

Wiushuis L0 (nitial location) Weuluds Lstart Tneuwdudonves LO fu Lstart 3013
5¥YN153U Synchronization channel o1 startTa?

LRI DR LOnext(Committed location), LOTb (Committed location) hay LOTc
W&§9910n Ldone tnead19tduiiousening Ldone, Lonext a0ty (EUWINAINUA
Synchronization channel fAe startTbl, Tb =1 LLazLﬁuﬁaaﬁﬁa startTc!, Tc =1

a5 udousening Lonext , LOTb anudu iduusniiviun Guard conditions fia Tb ==1
duiidesmuaiie Guard conditions Tb ==0, Synchronization channel A9 startTb! L&u

ﬁamﬁwum Guard conditions fia Tb ==0, Synchronization channel Ao skipTb!

v A

A519YUTENIN LOTH , LOTC @1du W@ uksnANuum Guard conditions A® Tc ==1 Ldud
@090 UA Guard conditions A8 Tc ==0 , Synchronization channel Ao startTc! \VAUN

@unAuuA Guard conditions Tc ==0 , Synchronization channel A8 skipTc !

Tunsal OR Split = n tasks

Wi LOTi € L nefl i=1 89 n siean Lonext Tnstfinduidonszning Ldone fu LOnext n
W fvium Synchronization channel &e startTil Wefl i=1 &1 n Tuwsazidu wazimuadn
wUs 77 =1 Toedi i=1 89 n Tuusasidunuasu

Wiandudensewing LOT7 | LOTi+1 pensazansndu Tnedt i=1 89 n-1 1duusn fviun Guard
conditions A8 Ti+! == Lﬁuﬁaaﬂ Auue Guard conditions A® Ti+l ==0,
Synchronization channel fa startTi+1! wduflany e Guard conditions fe Ti+1 ==

, Synchronization channel Ao skipTi+1

ngda?l 10: N1suUas OR Join VasNsEUANMULATR

v
o

fnualrnszuanueata YML wendasiuidulnudeslauim TA fdumsunswiassssaluil Nuana

Tupns1e9i 3.4
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o {wu Atomic task Tc #ifigaa3a1 [Tlow, Tup] Weusnan Atomic task Ta wag 7o Tu YML
waadalnudeelauinn TA fiuszneuse Lstart (Committed location) Weuseiiesfu
Ldo wa¢ Ldone (Committed location) Ingfl Ldo fnuun Invariant Ao clock Tc <= Tup
Guideusening Lstart fu Ldo mwuali clock Tc = 0 wazidudouszning Ldo fu
Ldone finvium Guard conditions fia clock Tc >= Tlow

® Lfiugumia LO (Initial location), Lpre fiountin Lstart a¥1adudennes L0 fu Lpre waw
Lpre #U Lstart gay 2 dulagidunsniin3seynis3u Synchronization channel 381
TastartTc_or? duftaesdon TbstartTc_or?.

o fiusuns Lonext \eureu19n Ldone Tnsuuidudiouszwing Ldone U Lonext 2%
n15a4 Synchronization channel #® TcstartTdl!

e %13 Timed automaton TA fiusznaudag Lo Weusawilosiu Lsent, Lonext € L. Tnaidix
Lﬁm‘?iau LO, Lsent @n 1 4@U AvualA Synchronization channel Ao skipTa? ,
TastartTe? anuanau waglit Lsent Wy Committed location

e %13 Timed automaton TA fiusenausie L0 \Weusewiosiu Lsent, Lonext € L Tngidix
LﬁUL‘?ﬁlau LO, Lsent dn 1 W&U A1AuAbA Synchronization channel Ao skipTb?, TbstartTc?

audsu warlr Lsent 10U Committed location

Tunsal OR Join = n tasks

®  LUALAUY Li € L 1a8d i=1 D4 n-1 LazlduTiou Location AeWnN Lstart 881988 N L@U

Inwil Synchronization channel @ TistartTc? lned i=1 89 n VULEULTDILEY
® #5139 Timed automaton TA 31U n TA NUSENBUME LO WaumBwiasnu Lsent, LOnext

€ L ngliududon L0, Lsent 2 L@ AMmun Synchronization channel #e skipTi?,

TistartTc? Wed i=1 89 n snuasusaz1er Lsent Wi Committed location

| v Y o ¢
ng"ua‘ln 11: ﬂ']iLL‘LJaQiWiENiUﬂ']i‘VI']\"]'TULL‘U‘U Loop ¥a4n3suddnueaa

v
o

fnualrnszuanueata YML wendasiuiulnudeslauim TA fdumnsunsuiassssaluil Nuana

Tupns1e9i 3.4

e ngundesniiude 1 uay 2 azinsaadudeusenisiunigane fuiumiawsnues TA

Tnglvishunisgavinesu Committed location
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Tasimnansoonuuuiidenty 1 dydnwalvessedadu 1 yadndnuaivedlmudeslnuneu
NaRINNTAD UL TAsUNE AR NI SUSBUTIBULIANTeNLUUTENINIE 1 dydnwal
vowetalduly 1 yedydnvalvedliudeslnmneuuuifnuesa  Afsoon Soltani 910 Timed
Automata for Workflow Modeling and Analysis [6] fukuafianiseenuuy 1 yndganuvalveseeiadu
Ju 1 yedydnvallnudeslnuneuvesnes Maruth-Ravibanjurdkul Transforming YAWL Workflows

with Time Constraints to Timed Automata [7] ﬁnmmﬁ 3.5

o

A15197 3.5 WisuisuuuInisnIseenwuungnIsulansruauseiaiidesidatinaraniy

nudealnuinn

AMUAIUITA uiiaue Maruth-Ravibanjurdkul [7]

[ [ 4

sUuuuns | 1 dydnvalveseetadu 1 gadydnual | 1 yadydnvalveseadatlulu 1 v

o ]

o

wuas voslnuneelnunou fydnwallnuneelauinou

Fuuanue | desltanudnlalnureslauivetnla| wdenisyianudilavazusedydnual

<

lnudeelanm | n1svieuvensruanuilewind | pheqlulnadostnuniiomnildnwauanus

UIUEIUzLINNIT 1Ay LAAIINNIT TndiRsetunssuaLee

aselnurealpuinaulendasy

AMsivun | @unsanivue Invariant Wkaazau| ldaiuisanivue Invariant ldulnua
i 3 5 L6 & o a ; o
Invariant | Basgldlasnsizgnuentiwdas | golnuneundnlalunsaifiinnisadlule

U lysdoslasmauudy vililiviansel Sub lnuneelnunauyinbiauNsRnNTa

Raonueligoudsnume . o . .
Alnuseslauilildsuaniuzdsnanula

YR JurRneauiiusazlnurealsuineu | wiazauvednsesanulduiinisiuiu v
o v @ o ] 1 1 7
lanunsansradanainisyiiauses | Wldaunsaniugevlunsazaugaylain

WAAEIUTDINTERAIULA nugnesauifmuavsoll
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°

A15197 3.5 WisufluLuanIenITeenLuungn1sklasnssLaueeiafiidetiingisianduy

Tnuneslaul (#o)

AUEINITA Nufiaue Maruth-Ravibanjurdkul [7]

suuuu | lunsdlees AND wag XOR @1u150| nsswanueeiadetegluiuu Well-formed
NITLLENTU i@ﬁ%’UﬂiiﬁlﬂLﬂu Well-formed iﬁ Lviqclj;u LwﬁflgLﬁaqqqﬂmauuyﬂqquiﬂiﬁ
wsrziilosainunazuwenidu

Tnuseslauimauiily Sub walazdaaiinis

InuneelanineuvesIutudasy vili Y4 . .
. nduiilnudeslnunneundniaue
LidnJusiesagluguuuu Well-formed

ASTRANULUY | @unsasessunsenanuianwaenis| Wauisasesdunseianuididnuuenisau
aﬂﬁa‘u QWMLLUUE{N’mﬁa‘UﬂumﬁJEﬂW 32 1@ LLuudqqquaguﬁumquEﬂﬁ 32 15{ L‘Wiqg
WWS1EL 099N wAasIIuLY LT U

Wesanasidgynineudnenliunazanu

Inuneslnuneuresutudasy i ... . . ,
goauad launsamvualaauanussluau

Toazidunundnlulnudeslnuineaundn

3.4 N15DDNLUY Lazas19wanaIsdmsuniIsuasnsewaueadaidulnunaalauini

o

Wedinsiznlassadailuiendduteavessaiataziiuendidunoavasnuseslauind fu

[ va o

P8NLUU wavasrnusilunisudasnseuanueeiadulnudeslnuinuuuidedidavisiaiuds (33

U

Unedeyailaunlisuifisussninngnisudasiulassaisendiduweaiiorniseenwuy wazaia

1% @

gondwrsdmiunisulainssuanueeiadulnudesinuniisessumsinddeyadediiaginaa vhnns

VYo

BONLUUNTEUIUNTYINNUVDIgENALISAIFUT 3.8 Feuuslitlu 5 Avnssuuendutlagldivszuu
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3 YUY

e3®

U'WL‘lJ”II.LWNLEJﬂ“UI.E)NLLE)ﬁ
maannumwama)

L
l VOINILUEANUY DG

Aavaya

Jurdeulvvediia

FNIANVNNTE LLﬁWUEJiJ’Jﬂ

asnalnumealniin

fIUNNNITLUA

1Y10DNHAANS

AsuUas

®

JUN 3.8 NIEUIUNMITVINNUTBITONAUIT

9n3UT 3.8 avBuduiididuiuendidunearenszuanueaiadigssuu seussuuazyiinis

Auloyavenszuanueeialieglusuiuu Dataframe nasaIntuazdsnduunlvigldund1Foulutednin

[ o

FIavBInsERanualaiiatnuniuly Dataframe walszUUIWNNSHUAINTERENUED IaNHYEINA

Fralddulnudeslauimaiungnisulas nawnulaaseuiosudinadliaunsaineennadnsves

nsuwlasnszuanueeianidtositagimatluidulnudeslnunmls Inenssuiunsianunausaesuiels

fasialudl
1) ddeueNGdUwIAVDINITTREUED A

Tudhuwsniuasidunssudiuiiuendiduueavainseuanueeiadiedoudayal ifugenduislu
mawanszuanueeiadulnudeslamnsieludagun 3.9 Tnensnatu Choose File ieidanuiluend
WukeavensTuanueeiandenIsudinwlas ndsintunadu Submit ietdnduiluendiduue

avadnszuanueeaiingssuy Inglunilduiuvesgui 3.2
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Transfer yawl file to uppaal file!

Choose yawl file

Choose File | yawl_proposal.yawl

JUN 3.9 nihdwseUsganuiugldanulunsdilulidnssuanuesia

2) waseyauiuendiduuoavanszuanueaialiegluzuuuu Dataframe

Tudiusenntu Wunshstoyaanuiluendiduweavenszuanueeialioglusy Dataframe
Ing Dataframe aufiusuususaililuguvesmedul wavevesiuUsusazyn (Observation) azgnifiu
lusuveway ienluldlunisasrsesdusenavvetinudealaunidaly degun 3.9 Jeesuieis

Dataframe fia$139119nn153ufsdayaatnuingnueswdin processControlElement fazuiinlnapaduil

@

d' = & A @ . . e
IOUNTONTEUIUNTT (process) AD AMANEMUE id YaeLyin inputCondition , task, outputCondition,

o

moauauialy (edge out) fio AuENYY id BTN nextElementRef, AodNTUsZLANVBINUY NN

[

(join) Ao AudnBME code YaIUTIN join waz ABdLIUITIANVBINUYIBEN (split) fio AMENYY code

U4 tag join

process name edge_in edge_out join split
InputCondition [p_al

p_a a [p_c, p_b] xor and

p_b [p.d, pe, pf] xor and

p_c [p_e, pf] xor and

p_d [p_g] xor and
p_e [p.e] and and
p_f [p_g] and xor
p_g [OutputCondition] and
OutputCondition [1

U7 3.9 Dataframe uandayaveuiingnuesuvin processControlElement

v
[

W6491nlel Dataframe faguil 3.9 udwinmsudduyanaAeaulnudnly (edge_out) Lileasne
Tayalunsduiauneunti (Edge in) wW1lulu Dataframe @e3u# 3.10 Inenssuiunis p_a azegly
AANUaUinlU (edge out) ¥OINTZUIUNT InputCondition Lty viliReAUUIUY YT (edge in) VDS

N3LUIUNTS p_a A InputCondition tHugu
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process name edge in edge out join split
InputCondition [1 [p_a]

pa p a [InputCondition] [pc, pb] xor and

p_b pb [p_al [p_d, p_e, pf] xor and

pc pc [p_a] [p.e, pf] xor and

p_d p.d [p_b] [p_g] xor and
p_e p_e [p_b, p_c] [p_g] and and
p_f p_f [p_b, p_c] [p.g] and xor
p_g p_g [p_d, p_e, p_f] [OutputCondition] and and
OutputCondition [p_g] [1

U7 3.10 Dataframe wanstoyavainszuanuseiandaiiutoyalunadiuy edge in

3) dndReulvdeannadisiatvasnseuaugadaivatitunnnuly Dataframe

o = s & ¢ N ) |
Waqﬁ]qﬂLﬂﬁSULLﬁuL@ﬂSULEJlILL@asUaﬂﬂ'igLLaQ']u‘c’JE]’JaSLMEJE‘JJIuETJ Dataframe ha3IN1n15d4

'
=

Dataframe naulUnaninatilosudadrnaniunanlukiasnsenanueaia f95Un 3.11 1neazinshand

Y

Dataframe ¥ensziaiugela Lazderinglinsandeyateadnindaia1vesusazamuma lower uag upper

show all process!

Process Edge in Edge out Join Split
InputCondition p_a

p_a InputCondition p_cp_b xor and
p_b p_a p_d,p_ep_f xor and
p_c p_a p_ep_f xor and
p_d p_b p_g xor and
p_e p_b.p_c p_g and and
p_f p_b,p_c pP_g and xor
p_g p_d,p_ep_f OutputCondition and and
OutputCondition p_g

JUN 3.11 vthdwsisdszanuiugldanulunisdindedringiwandilvlunssuanueeia
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InputCondition

p_a p_a|lower upper
p_b p_b|lower upper
p_c p_c |lower upper
p_d p_d|lower upper
p_e p_e|lower upper
p_f p_f [lower upper
pP_g p_g|lower upper
OutputCondition

next

JU7 3.11 nihdwssUszaiugldnulumaiadediindinandlulunssuanueeda (se)

Tudruvesteuszautuaziiteyasoazdonvosnsruanusoiaey Insdvedinsendasiin
Praailuguuuuves [lower,upper] Lleriutediintisiavesusazaugeiadiluly Dataframe Al#lu
nsasuiuendiduteavesinuneslauininely Tnendswinsuasouiosudn waznadu next azlna
Dataframe fa3ul 3.12 Taglusuifuasdinaifiunadul upper uay lower voausiagnszuaunndlulu

Dataframe

process name edge_in edge_out join split lower upper
InputCondition [1] NaN  NaN
p_.a p_a [InputCondition] ) xor  and 10

p_b p_b [p_al [p_d, p_e, p_ xor  and 10

p_c p_c [p_al [p_e, p_ xor  and 11

1e

5
3
3

p_d p_d [p_b] [p_g]l] xor and
p_e p_e [p_b, p_c] [p.g] and and
p_f p_f [p_b, p_c] [p_.g] and xor
pP_g [pd, pe, pf]l] [OutputCondition] and and
OutputCondition [p_gl [1

ZNENMNMNWNN

=
7]

U 3.12 Dataframe uanidayaveinseianugeianasniiudoyatodningieial

4) vimsasinudeslauininungnisulag

Tunszuiunisiszuvazyinisasawiuenddukeavatlnudeslauinlnesuainiin nta wag

win declaration uazitenalsuiiuiendiduwoavesnssuasidonluiide 3.2 JUN 3.7 nasintuadn
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win template v89¥ N lUABANTIUNSENTZUIUNNT (process) InevinnsIuas1auin template fiaz
wndsseazidenluinde 3.2 U 3.7 lnglddaya Dataframe vaenszuaugeda wagngnisulasiilagn

a5ueluiiven 3.3

[ YR

5) 1eanHadnsvaIn1sulainssnaueaianiivediiavarwianluidulnudealnunni

nasnaialnudealananungniswlaseuiesudd asgnasnduludmthdiusedseauiu
glénudmiunisluasuiiuendiduusavedlnudeslauim dsgun 3.13 lngazuanidoyarenssuanu

godaniidediinyinian wazdu download isthesnuiluendiduueavedlnudeslnuinifianunsele

N1ULASD93e UPPAAL wialdlunismiuasy wavdasssall

Download!

Process Edgein Edge out Join  Split Lower Upper
InputCondition p_a NaN NaN
p_a InputCondition  p_c,p_b Xor and 2 10
p_b p_a p_d,p_ep_f xor and 2 10
p_cC p_a p_ep_f xor and 3 11
p_d p_b pP_g xor and 2 10
p_e p_b,p_c P_g and and 2 5
p_f p_bp_c P_g and  xor 1 3
p_g p_d,p_ep_f OutputCondition  and and 2 3
OutputCondition p_g NaN NaN

JUN 3.13 nihdwsieUszanuiugldnudmiunsivaauainsveinisulas

3.5 NNSNIUEBUNAANS IunealauInilu UPPAAL [15]

mMsnsIRdeUANgnFosailendiuusanadwsvdnandilasunisutas fideazthudluiend
Buneaidunluiiesiio UPPAAL Tngldilertu Simulator luiaIesfiolnsdananginssuvesusasiiu
Wisufunszuanueeiavesguil 3.2 16U 3.14 Feamisodassnisiddsuuvasiiuty Next Tng
awnsaiden Enabled Transitions léinagliuasusinulugadumala wazduseluagoSureianisu

aaulsyansnmanunanlaglafendu Verifier
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P4 yawl_2_uppaall (37).xml - UPPAAL - o
File Edit View Tools Options Help

2 s T~
Ewd L & 8 % @ -

Editor Smulator | ConcreteSimulator Verifier

Enabled Transitions

inputCondgion_send_p_a; InputCandition

bt pd p_e

Simulation Trace

OutputCondition

.‘ .-~-© -©

. 00— _‘;; e T

JUN 3.14 feg1amthaouaniIn1IaemginIsuveunsasls UPPAAL

nsniuaeuRaNdRnueng q Ingldilendu Verifier vaenszuanuiuaansawanadagun 3.15
Fadunismuaeuwuu Model checker 9znszyiuguiuvvatuudounu (Query) vainssnenansaulil
M3AIRIAN (Timed computation tree logic : TCTL) Tngnadnsuuazeglusuuuuisauansanaudud
a o o’ 2 ' o A = . .
WemTanananslurinaududuns 1y 21nUssviai 1 wuvaeuaiume E<>OutputCondition.terminal
and main_clock >=34 #3enu18A1XIUEUNIUATUAGA drunis terminal ulnudeslauing
OutputCondition Wuaztduass wagwing main_clock fosunndmsowiiu 34 wihe lngnan1sniu

! 3 a N = 1 3 @ 1l = el' a . !
gaunuinuansudunandonunefiinduna lufinsdllaaen wiknn mamiclock 2UINNIN 34 Ly

s terminal Tulnudeslauim OutputCondition tufuasandouiu iudu

Editor Simulator ConcrekeSimulator Werifier

Owerview

E<rfutputCondition.terminal and main eclock=>=34

E<rfutputCondition.terminal and main eclock==33 Check
E<rfutputCondition.terminal and main_ eclock==3Z
E<rfutputCondition.terminal and main eclock<=8 Get Trace
E<rfutputCondition.terminal and main clock== Insert
E<rfutputCondition.terminal and main_ eclock==10
E<rfutputCondition.terminal and main eclock==IZ2 T
Comments

JUT 3.15 M190UAAINITNIUABUYBAATENED UPPAAL

Fanguit 3.15 twdunismuaeuinsealieludnume Robust boundary value testing 133U
3.2 Fanszuanueeiasgldnalunisadedunszsuaiuegszning main_clock = [9,33] WulnaaNSV0S
w3esdanisuuasdinugndedluaiunisduain1sinauvensekanueeda Inen1sniua oun1y

ngAnssutuszmuaaulunsdldnwsely
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unNa 4

ANSNIUADULUUINADINLNTUANE

Tunsmiuaeunisulasnszuanueeiafifdediagiwarluilulnudesiaum wazngnisula
nszuanugeianiidedintrwaluilulnudesinuin easiaaeuitauisarnuldnsmiungnis
wlasilaeenuuulivselilagasyimmeasuiu 3 nsalfinw InsluduusnageSueisanmwindounld

Tunsnegeu munsswnnidlunsmegeukargavneiduniseaeuiunsdifnyuasUsziliuna

4.1 anuandandildlunismagau
4.1.1 315au33 (Hardware)
1) linda mheUszananaduimanesle 9 utuesisdu 9 2.4 Ansidn (ntel Core i9 9 th Gen 2.4
GHz)
2) wiheaudidses (RAM) 32.0 Anglug (32.0 GB)
3) SSD 186 Anzlug (186 GB)

4.1.2 aWauls (Software)
1) szuudfUanis (Windows OS) Windows 10 Home
2) 3esdleota 4.3.1

3) p3psilo UPPAAL 4.1.24

4.2 wuaslunisnagau

WUINNINITNAFBUNISHUAINSERaNUEaTaniTesTatrntanluilulnuseslauiniidunaunis

NAADUAIN

3 [ [ '3 1 =3 a o

1) vaasuniskUalwuvdtaeinseuanuseialiilulnudeslauimriuivueuniiedy nsivdeu
Auanysalvesdydnvaiveslnudeslauinindinisuiainnssuanueeianiidedninyisian lnad
TJupausaLl

o v ¢ @ |3 =3 a U

o nduidluendidunszuanueeialuuieundindy

o liszydeyatedningiaim

¢  lmasuiuendiduuealnudeslauinildainnisulaniluilavuesesiio UPPAAL 4.1.24

ASIRERUANNANYTAIvRIHyANwal Laridulleusing 4 vedlvudeslninmm

2) MTIRABUANNYNABIVBINGANTINHIU Simulation Wag Model Checker ginnginssuvadlnud
galaunnaunsndnaedinsunnauaIunsEkauEea faiennwuuiiassuuniasdesada lavseld

Tudnwazaseunguyniaiuidululy wasnnauaunsefintuldegnedos 1 nsd (Branch testing)
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3)  endegINITIRTeIIugeulsEAvEn A uaveslnufealnu1n 1L Model Checker Uy
#Handu Verifier uutASaelia UPPAAL 4.1.24 Tagag19laeNanaiunsansiussesia iduiignves

nszuaueelale
4)  ayunan1ivagou

4.3 p1svndaunazuseiiu
N Uty ldNSHANYINSDUNINSIVABUNISYITUVBINATNEN1SHUAINTELAINUYDIA

¥ o @

Aflvesfnvrmantlidulnudesinuinn 3 nsdldnwisail

1) nsalEnwinisdeade

2) NSMANYINISIANBYFUAN

3)  NSWANYINTANATUNTLATAR

¥
A

4.3.1 NSARNYIN 1 NSTHEIIUYRIALTBINNSINTD

lunsalnwy 1 nszuanugeiaiiensinde tuazidunisinasinsindeduaini q dusyuuly

1% A

Tsanulagdedlasuniseudnendsazannsadadels wavannsadensyyisnisdeiutiiandsldegiln

o
N o

281919 0M9apIag19le Inglunsal@nutuILiTunaUNISANYIABNNTASIUUIIRBINTELEN YYD

o w

warudaslUilulnudoslnuinuuuidesinngisaainasainiusinisnsiadeuaaungAnssuniu
Simulation waz Model Checker tiagugiuinlnunsslnuimuuiingfinssunisinnudenndesiunszud

[

NUYDTA AENYINNITIATIZINIUABUUTEANSANAIWLNIA karaTUnaveInsafiny Feesunaiiufudall

4.3.1.1 n1saduuUIasnseranusadanazilasluidulnudeslaunni

v
o

msatrauuuiasinssuanuseia wasulasludulvadeslaua ffame 5 funeunusided 3.4
foadruuuasmuniesdiosata 4.3.1 seuniuiluendiduloavensuanueetadiiuieundindu
Mﬁ&ﬁ]’]ﬂﬂfuﬁ’lﬂ’]ﬂ?i%i]ﬂda‘ﬁ’aﬁﬂﬁmhﬂL’JmLLéJ’Jﬁ’]EJE]ﬂLﬁ@ﬁ%lﬂm@ﬂ“&ﬁmLLEJa‘Uaﬁiwmﬁaaimmmwmi’sﬁ]ﬁav
Anuanysalvesdydnvaivesinudeslamunamdanisuvas uazmuasuluiniesile UPPAAL siold Tne

o

withevaanandutilus awnsessuieiuiusail

1) @uuusiaeimsinge lneldinsesilevata 4.3.1 (ﬁ"@gﬂ‘ﬁ' 4.1 Ine91u Receive purchase order
Huazdl AND split ?z’iwé’qmﬂLa%’aéumuﬁt,t,é’nzgﬂdqlﬂﬁﬁgq Select supplier Lag Get approval ¥16i®
1ne Select Supplier azd OR split Lazdl OR join 97U Confirm @eflau Get approval 9zdl XOR join
WAz Make decision 958 XOR split lanunsaiinnsyiauuuuusile 1AE1EIIINMaA3IN Loop

A9z AND join TILULLIAIBAUTNIY Place order ADUAUNTZUAIUT Archive order
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[1.4]

[3'5]0/1)00}(\ [1,2]

transportation 0
> 1.2 1,2
[1,.2] elect suppliex [2,4] coufirm\‘ p2] [.2)
B @
[4,8] [2,5] Place orderArchive order

Receive book date
EEEE——

purchase order

get approval Make dedision
[1.5]

Modify order

JUN 4.1 Nzuanueeianisdnde vuiAtedleuada 4.3.1

2)  yhnmstuiinidnhduiluendidukeaveinsrwanugaianisannasesiisseiad.3.1 Wiundudu
woundndu agui 4.2 lnenadu Choose File Winidenuiluiandiduuea ndsaintduna Submit wiewn

wiltendidunaainssuusialy

Transfer yawl file to uppaal file!

Choose yawl file

Choose File | purchase2.yawl

U7 4.2 madenldeeianisdnde Wmduivueundindu

3) waswniinadu Submit MNFUT 4.2 udnIuseundinduaziansioyanseuanueeianisingde
ATZUIUNMTIIVNA 12 NTZUIUNT ﬁﬂ’]'ﬁLLﬁm‘ﬁaﬁda Edge in, Edge out, Usgtanuas Join wag Split 1y

dldrszydednintiaiaivesudazau degud 4.3 Fafldnuinisssydedndntisiatnsuynanndy

FUALLEINAYN next
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show all process!

Process Edge in Edge out Join  Split
InputCondition Receive_purchase_order
Receive_purchase_order InputCondition Select_supplier,get_approval xor and
Select_supplier Receive_purchase_order book_date,book_transportation  xor or
get_approval Receive_purchase_order,Modify_order Make_decision xor and
Make decision get_approval Place_order,Modify_order xor xor
book_date Select_supplier confirm xor and
book_transportation Select_supplier confirm xor and
Modify_order Make_decision get_approval xor and
Place_order Make_decision Archive_order xor and
confirm book_date,book_transportation Archive_order or and
Archive order Place order,confirm OutputCondition and and
OutputCondition Archive_order

next

InputCondition

Receive_purchase_order‘ 1 HZ ‘
Select_supplier [3 ”5 J
get_approval ‘4 HB ]
Make_decision l2 ”5 ]
book_date ‘2 H4 ]
book_transportation ‘ 1 H4 ]
Modify_order [ 1 ” 5 ]
Place_order ‘ 1 HZ ]
confirm l1 “2 ]
Archive order { 1 H 2 \

OutputCondition

next |

v

JUN 4.3 seydednintiaiaivesusiasuvenssikanueeian1singe

U

v
o

4 e next luguil 4.3 Mntuasadgeudedniniisia1vesusiazuwainai Download

1% @

AugUN 4.4 Faazuansdeyanseuanuyeitaniitedninyisiatluguuuy Dataframe lngiinedu Process,
Name, Edge in, Edge out, Join, Split, Lower, Upper Ll,am!u Download tivelvanludnadnsnisuyas

Wudnluds indesile UPPAAL 4.1.24 sigly
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Download!

Process Edge in Edge out Join  Split Lower Upper
InputCondition Receive_purchase_order NaN NaN
Receive_purchase_order InputCondition Select_supplier,get_approval Xor and 1 2
Select_supplier Receive_purchase_order book_date,book_transportation xor or 3 5
get_approval Receive_purchase_order,Modify_order Make_decision xor and 4 8
Make_decision get_approval Place_order,Modify_order xor xor 2 5
book_date Select_supplier confirm xor and 2 4
book_transportation Select_supplier confirm xor and 1 4
Modify_order Make_decision get_approval xor and 1 5
Place_order Make_decision Archive_order xor and 1 2
confirm book_date book_transportation Archive_order or and 1 2
Archive_order Place_order,confirm OutputCondition and and 1 2
OutputCondition Archive_order NaN NaN

JUN 4.4 Teyansewanueueianisdnde uazdedrindisiainewinisulasielvanliduadnsnisuias

5)  dudniendiduweantaainniskuantaluinioddis UPPAAL 4.1.24 waiUsunaddudauniud
HoeNsiagun 4.5 aziuldandl iavua 14 Inudeslauini Fuinain InputCondition, OutputCondition
LATLARZIUYBINTERANULDTA B819as 1 Sy 12 Inudealaunn warillnusoslnuiafieeiingin

OR split 8n 2 arusidu 14 Inudeslauin

InputCondition

InputCondition_send_Receive_purchase_order!

lnaln_cllc!w':ﬁin:zﬁlnm:=D

start_all_tas}

Receive_purchase_order

_order_send_get_approval

Receive_purchase_order_send_Select_supplier!

InputCondition_send_Receive_purchase_order?
clock_Receive_purchase_order==1
~C) C ©) c
Clncl:_PECEiVEJJUICh?SE arder:=0
clock_ Receive_purchase_order<=2
task done

Select_supplier

book_date=1

Select_suppl

ook _datel

Select_supplier_send_book_date!

Receive_purchase_order_send_Select_supplier*
clock_Select_suppli€r==3

~(T}
Seth_Select_spglier:=0

clock_Select_suppliehe=5

toot_trarsportation==0

book_transportation==1

task done book 1 tation=1
ook _transportation= Select_supplier_send_book_date_notdo

Select_supplier_send_book_transportation!

sUTl 4.5 Inusdeelmnaveansdnge uuiiesle UPPAAL 4.1.24



get_approval

Modify_order _send_get_approval?

clock_get_approval>=4

get_approval_send_Make_decision!

k_get_appr
clock _get_approval<=8

Receive_purchase_order_send_get_approval? task done

L ©

aa

Make_decision

get_approval_send_Make_decision?

clock_Make_decision>=2

Make_decision_send_Place_order!

Qk_Make_deam#D

clock_Make_decision<=5

task

Make_decision_send_Mod|fy_order!

done

book_date

Select_supplier_send_book_date? clock_book_date>=2

book_date_send_confirm!

Q.k_book_d;&

clock_book_date<=4
task done

book_transportation

Select_supplier_send_book_transportation?

gk_book _traaorla{ion: =0

clock book transportations=1  book_transportation_send_confirm!

clock_book_transportation<=4

task

done

Make_decision

get_approval_send_Make_decision?

clock_Make_decision>=2

Make_decision_send_Place_order!

%k_Make_de&m =0

clock_Make_decision<=5

task

Make_decision_send_Mod|fy_order!

done

book_date

Select_supplier_send_book_date? clock book date

hook_date_send_confirm!

%k_bnnk_d;& .

clock_book_date<=4

task done
book_transportation
S ier_s ion? :
Select_supplier_send_book_transportation clock_book_transportations=1 _ book_transportation_send_confirm!
gk_book_ira”m‘ta‘tmn‘d] ‘

clock_book_transportation<=4

task

done

Modify_order

Make_decision_send_Modify_order?

clock_Modify_order>=1

Modify_order_send_get_approval

Qk _Mo dn‘v_o.r

0

clock_Modify_order<=5

task done

sUfl 4.5 Inafeelmnmuasnisinde ueasiio UPPAAL 4.1.24 (sip)



Place_order

confirm

send_Place_order

clock_Place_order<=2

task

done

a5

book_transportation_confirm

book_date_confirm

Select_supplier_send_book_date_notdo?

ok _flate_send_confirm?

onfirm_or! hoo

ook_date_send_cc

book_transportation_sel

Jk_transportation_se

nd_confirm?

Select_supplier_send_book] fransportation_notdo?

d_confirm_or!

confirm

book_transportation_send_confirm_or? jook_date_send_confirm_or? )

clock_confirm:= confirm_send_Place_order!
I-_comlrm.és/' \_C)- <
book Jdate_send_confirm_or?  book_transportation_send_confirm_or?  clock_confirm==2
task done
Archive_order
lock_Archive_orders=1 OutputCondition
Place_order_send_Archive_order? Archive_order_send_OutputCondition! Archive_order_send_OutputConcdition?
clock_Archive_order:=ttlock_Archive_orde )
tash dona terminal

sUTl 4.5 Inaseslpsnpvesmsdnde vuiedesiio UPPAAL 4.1.24 (sie)
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N13ASIABUADUNGANITURIU Simulation Uag Model Checker uuLATadla UPPAAL 4.1.24 Liiag3dl

Inudeslauimnlaainnisulasingfnssuaenadeiunssuaiugaianialy Tudnvasaseuaqu

q
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2)  ®539dUN1U Model Checker UuLﬂ%‘aﬁﬁa UPPAAL 4.1.24
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UILAUNNVBINTZUANUNITINTD Lnawudn Receive purchase order , Select supplier, Get_approval,

Make_decision,

book_date,

book_transportation,

Modify order,

Place order,

Confirm,

Archive_order @nsataiadulaegnetos 1 1dun19n15991u way OutputCondition.terminal @11150

andulddalaidnlouluiugulaidau way Select supplier liaruisaiass
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Editor Simulator ConcreteSimulator  Verifier

Owverview

E<>JutputCondition. terminal

A<rJutputCondition. terminal
E<=Archive_order.done
A<zhrchive order. done
A<roonfirm. done
A<=Place_order.done

E<=Modify order.done Check
A«>Modify order.done Get Trace
E<*hook transportation.done

- Insert

A<rhook_transportation. done

E<rhook_date. done Remove

A<rhook_date. done
- Comments

A<rlake decision.done

A<rget approval.done

A<>Zelect _supplier.done

A<>Peceive purchase order.done

Select _supplier.done —--> Receive purchase order.done

Peceive purchase_ order.done --> Select_supplier.done W

JUT 4.7 wansmudeunginssuveslnudeslauinivein1singe

4.3.1.3 A29819N15IATITUNAANS KU Model Checker uuLASasiia UPPAAL

o o 1
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1) dmsBududeyanisds Tudads angluan 13 Pilusaue aunsansiadeulined

Tumndunisidulule Confirm azia3adusyning main_clock == [6,13] awsallgunssnatans
auliinsAruiuanl@de Allconfirm.done imply (main_clock>=6 and main_clock<=13) WUIWAGNS
Jud@emmnetaduass wsenueanuinluyndumsidululs Confirm fishumnila Done azgndssie

5¥117979 main_clock = [6,13]
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2)  filemanselyd Mn1sBududeyanisds Judnds aziadedunou 6 Falus amnsansivaeuldnad

v

Tunniduniamdulyls Confirm agliaiuisaiasadunau main_clock == 6 16 au1sadeu
assnAransauldnisAiuiniaan lede E<>confirm.done and main clock<6 wadwsiuiiia wie

mneaudn Wiflidunidlamed Confirm agfisiumis Done waglia1iesnd 6

[

3)  laawnsavin Modify_order wiouriu Place_order laa3wiseld awnsansraaaulanil
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Tunnidunisiduldle Modify order iU Place order lal@unsaiinundouiuld awisadiou
nssneransauldnisAiuiaiaan 1aAe E<>Modify order.task+Place order.task>1 waansiduiiia

AU Ilunndueiduldld Modify order iU Place_order luaunsaindunsouiula

o

4 awnsedududeyanisds Tudeds landannidenguiewiniuy aunsansiaaeulanal

Tunnidun1aidululel Select supplier fipsadadunou Confirm waue ausalounssnaranssulsl
msmuwaa lafe Select supplier.done —> Confirm.done wadnsiduass nuneaudttuynidunig

aduldle Select supplier foaaSaduneau confirm Lawe
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5) JulUlevseld Mziassdunsesuiunsdndenanuanay 10 $2lug @ueaiunsansivaaulssad

Tunndunisidululs Archive order \@39AunEa91n main_clock == 9 waue @1u1sLTeu
nssndransaulinisAtulIaniiian lade Al Archive order.done imply main clock>=9 wag Al
Archive_order.done imply main_clock >=10 uadnsiduase wagiiamuansiu viuneaun vgmé’umqﬁ
GulUl# Archive order siumiis Done aggndssiafinan unnndmdewinfu 9 whuideansizussia

v o o ~ Saa Xuy
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Editor Simulator ConcreteSimulator  Verifier

Cverview

Allconfirm. done imply (main clock>=& and main clock<=13) ~

E<rconfirm. done and main clock<g

Select_supplier. done-->confirm. done

Allhrchive order.done imply main clocks:=5

E<»Modify order.task+Place_order.tasksl Check

Get Trace
. . . _ Insert

A[lArchive order.done imply main clock»=10

Remave

Comments

JUN 4.8 nan1smuaeuveslnuneslnininuesn1sInge

4.3.1.4 aunansaifinenil 1 nszuaUYIaEaNITInTe

PNNTAANYIN 1 NILUANULDTATRINITIATD Nud@HnsauUaenseuanugelanidednin
Fraldulnudeelannriivweundnduldgnisadudenlulnudeslaumasunnsuvs fasu
VNN TEUANULDTA ADUATITAOUABUNEANTIUAIU Simulation kaz Model Checker UuiATalD

UPPAAL wualnuseslauiniiilaainnisulassinginssuaanadoaiunssuasueada nan1sniuasy

' v
= P ]

U5gAn3n1mauaaInudn uniisinaniannsnauauvenseuanueedaizenisinde oy

4

- A

main_clock == 9 uagfia1u Confirm T@111509U1UL53TgAT main_clock == 6 uazd19iani
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main_clock == 13
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afauvudastnszuanuseta uazudasluiulnudeslnuauuuiitesidarasnamvdminduiing
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NsinuaenAfedfuNIELaNUEada AaNNITIATIEINILARUUTEANSAINAIULIAT LagaTunaves

v

ns@Ane tnefvualivhevaanandudilus Feesuieiiufusiadl

4.3.2.1 n1sadnuuInaansenaueaia wazulasddidulnunaalnuini

v
o

nsadauuuaesnszuanuseta uasuasifulnudoslaum dmun 5 Suneumuided
3.4 feasrauvudassinuaiosdeeta 431 deuhuiluendiduneavesnszuanuseiaiinivued
waedundsntduimsladeyadesiindiauiaudnieen ethutmendiduueavedinusfoslmnman
nyIvaeUANLaNysaivesdydnualvelnudoslnuimvdsnisuas uazniuasuluiniesile UPPAAL

v

soly aunsnasuleLNuLRueatl

1) ahauudaensinde lngldasedlosada 4.3.1 faguil 4.9 lnga1u Prepare data 2w AND
split. FamdsanaSadunuiludrasgnasluliis Check stock, Market plan, Cost of goods T¥¥iau

wiauneusmtoyadslunnu Check purchase asudeyanaudsludaanu Offer iitelausuedudsialy

(1.4]

Check stock
[2,7] [2,5] [2,5] [1,3] [1,3] [1,2]

@r o > > >

Prepare data Market plan heck purchase Offer Confirm Create order
(1.2]

‘

Cost of goods

JUN 4.9 nszuanupeiamsiaueviedumuuesesdlosada 4.3.1

2)  ynstuiinkd i wiuiendiduweaveansekanueaiantaainesesdiesada 4.3.1 Wiuda
Auueundiatu fdagufl 4.10 Taenadu Choose File iaidenuiluendiduuea nasniuna Submit wie
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Transfer yawl file to uppaal file!

Choose yawl file

Choose File | market_sell3.yawl

U7 4.10 madenldeaianisiaueviedudidiaunduivweunaiadu

3)  waaRIndinady Submit ANIUT 4.10 udIuseundinduaruanideyanseuanueeianisinde

NILUIUMINMUA 10 NT2UIUNTS AN1suanideya Edge in, Edge_out, Uszinnves Join uax Split lny

Y o @ 1

Az szytodndntiniaivesuwiasanu Aegunl 4.11 Fadldnuiinisszytedrdntiaiainsunnaudy

q

FIUALLEINAYN next

show all process!

Process Edge in Edge out Join  Split
InputCondition Prepare_data

Prepare_data InputCondition Check_stock,Market_plan,Cost_of_goods and and
Check_stock Prepare_data Check_purchase xor xor
Cost_of_goods Prepare_data Check_purchase Xor and
Market_plan Prepare_data Check_purchase xor and
Check_purchase  Check_stock,Cost_of goods,Market_plan  Offer and and
Offer Check_purchase Confirm and and
Confirm Offer Create_order xor xor
Create_order Confirm OutputCondition xor and

OutputCondition Create_order
next

InputCondition

Prepare_data [2 H? ‘
Check_stock [1 H4 ‘
Cost_of_goods [1 “2 I
Marketplan |2 s |
Check_purchase |2 E |
Offer K 3 |
Confirm [ 1 H 3 I
Create_order i1 ”2 |

OutputCondition

next |

£ o
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4) wawnnady next luguil 4.11 9ndunTIdeudedingiuialvesudaguudInady
Download Au3U7l 4.12 Faazuanideyanszuaiueelaniitedningraiarlugiuuy Dataframe lngd
ABaUY Process, Name, Edge in, Edge out, Join, Split, Lower, Upper LLazﬂu Download tieluantnd

nadnsmsulaniudluds 1edesilo UPPAAL 4.1.24 sl

Download!
Process Edge in Edge out Join  Split Lower Upper
InputCondition Prepare_data NaN NaN
Prepare_data InputCondition Check_stock,Market_plan,Cost_of goods and and 2 7
Check_stock Prepare_data Check_purchase xor xor 1 4
Cost_of_goods Prepare_data Check_purchase xor and 1 2
Market_plan Prepare_data Check_purchase xor and 2 5
Check_purchase  Check_stock,Cost_of_goods,Market_plan  Offer and and 2 5
Offer Check_purchase Confirm and and 1 3
Confirm Offer Create_order xor xor 1 3
Create_order Confirm OutputCondition xor and 1 2
OutputCondition = Create_order NaN NaN

[

JUN 4.12 Teyanseuanueaianisiauauigdus uasdedninyisainewinisulasiielvanlidnadng
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5)  dwiuendiduneailaannisulaadeluesesils UPPAAL 4.1.24 udUSunsadudounui
HoInNsAIgUR 4.13 aziiulddnd famua 10 Inudeelauini Fuinain InputCondition, OutputCondition

LATUARYITUTDINTELANUEDT BENaE 1 S’JlIL‘fJ‘L«! 10 nuaselauim

InputCondition
InputCondition_send_Prepare_data!
i =0
main_ m; m!‘cjlod 0
start_all_tas
Prepare_data
Prepare data send Check stoc Prepare data send Market plan!
InputCondition_send_Prepare_data? I ,:,1I, lata_send_Check_stocl epare_data_send_Market_plan
clock_Prepare_data==2
-® -9 © -® -® <
= A h= h= h
clock_Prepare_data:=0 task done Brans e =an o of .
- Prepare_data_send_Cost_of_goods!
clock_Prepare_data<=7
Check_stock
Check stock send Check purchasel
Prepare_data_send_Check_stock? ) Check_stock_send_Check_purchase
-® I
©—-0 © c
clock_Check_stock=0_
clock_Check_stock==4
tasl done

5U# 4.13 Tnsioslaunmmsiaussdudiuuieiesile UPPAAL 4.1.24
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Cost_of_goods

Prepare_data_send_Cos

t_of_goods? clock_Cost_of_goods==1  Cost_of_goods_send_Check_purchase!
Ty Fany Froay
< L & <

by
clock _Com_of_goods.:ﬂ‘: lock_Cost_of goods<=2

task cone

Market_plan

Prepare_data_send_Market_plan? Market_plan_send_Check_purchase!
clock_Market_plan==2

() N ()
& < © g
clock_Market_plan:=0 clock_Market_plan==5
task done

Check_purchase

Cost_of_goods_send_Check_purchase

‘Market_plan_send_Check_purchase? Market_plan_send_Check_purchase?

Market_plg Cost” of_goods_send_Check_purrjase? clock_Check_purchase>=2

,.u-l:_,-:lul_',hv:dJw-:l..% K

ck_Check_purchase:=0 Check_purchase_send |Offer!
hecl _stock_send_Check_purchase? Check_stock_send_Check_purchase? task done
clock_Check_purchase<=5
Offer Confirm

chack nurchese sand Oiffer Offer_send_Confirm? o Fremte orde
Check_purchase_send_Offer clock Offers=1 Offer_send_Confirm! clock_Confirms=1 ~ COMfIrM_s nel_freate_order!

_ () o o

& o & =

clock_Offer:=0 clock_Offer<=3 clock_Confirm:=0 clock_Confirme=3

task done task done
Create_order
OutputCondition
Confirm send Create order? Create_order_send_OutputCondiion!
~ontirm_send_Lreate_order clock Create orders=1 Create_order_send_OutputCondiion?
©) O——© c
:Iockf@r%ﬁ(’:fcrda.:D - . - R
clock_Create_order<=2
task done terminal
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1) #529@9UNIU Simulation Umﬂ%aﬂﬁ@ UPPAAL 4.1.24

nsraeddiasunnaununssuanueeialugy 4.9 wudamnsavihnumnunssuanugeiale

ATUATBUARUYNIUANEIAU 19U Prepare_data & AND split siesdssalunn 9 91ul Check_stock,



53

Cost_of goods waz Market_plan 839101 Check purchase i AND join fiassannaiuneuniiliess

' =

Auneoufvanmnsaiueuld Jusu dagun 4.14

pre dats eheck stock cost of_poods et phan check perchuase

(] ® [ 0 ] o [ [ fJ
' Check_ Market_
! Y stock plan Offer Create_order
Input - Cost_of_ Check_ .
Condition "_n.. ! goﬁds purchase Confirm Output
M. | g Condition
5] B
— :
| &
Prepare_data e I
(st
cone e ]
[geae’
8 B el 8 g o) 7 : B

JUN 4.14 wamsdnaedinudeslauinvesnisiaueviedumlueiosis UPPAAL 4.1.24

2)  ®539dUN1U Model Checker Uum’%"aqﬁa UPPAAL 4.1.24

nsvuaeunnu Taglddydnual A< Wegimneududoaiatulunn 9 afwesnspuany
nsiade Iﬂﬂwuﬁmmﬁumﬂ%ﬁﬂﬁﬁ’l Prepare data, Check stock, Cost of goods, Market plan,
Check_purchase, Offer, Confirm, Create_order Léu® Toed Prepare_data Jzfouaseaunoudeiny
Offer agannsniasaduld fuguit 4.15 Fuandiifuimnonudenaiodunnailunn q dumedululd

uanaudiTonduase uay Prepare data azfsaaiaduneuaueiissu Offer iYuassiussvinfiaes
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Editor  Simulator  ConcreteSimulator  Verifier

Overview
Jffer_ done-->Prepare_cdata.done 4]
Prepare_data.done-->0ffer.done
A<>Create_order. done Checl
A<»Confirm. done

et Trace
A<>0ffer. done
A<>Check_purchase.done Insert
A<zMarket_plan. done e
A<>Cost_of_ goods. done

Comments

A<>Check_stock. done
A<>DPrepare_data. done
A<zfutputCondition.terminal b4

JUT 4.15 nan1smugeungAnssuvedinuieelninavesnisiaueuieducn

4.3.2.3 f29819N15ATITUNAANSKHIU Model Checker uuLASasiia UPPAAL

Aoy o

wasa1nvnsudanssuanueedaiidediindralvidulnudeslnuini wazasivdeuaoy
ngAnssuNY Simulation waz Model Checker #d1 dullasidunsinseiussavsnmwsinunaiveasinug
28lAU191H1U Model Checker #endu Verifier U309 UPPAAL f9il Tngnadnsuain1sinsnsai

anansauandladalugui 4.16

o

1) flenmanisindnteaziasaduniesly 8 ilus aunsansivaaulasad

Tuunadumaidulld Check purchase awiasefunouvaewiniu Main clock == 8 dnansaifey
assnenansauldnisiuinnailafe E[JCheck purchase.done imply main_clock<=8 wuimmadnsilu
Advmmnedaduaiedenmnennuiluniaduneiidulld 91u Check_purchase fighumils done 2z
gndssionaursawiniu Main_clock ==8

v

2)  asknateg1atey 5 Mludlunisvinususdulnasadunisdednde aunsansivasulasal

Tunnidunmsiiduldld Check purchase aglianansniasadunoundewintu Main_clock == 5 ¢
aunsaldsunssnaransauldnisaiuiaianlafe E<> Check purchase.done and main_clock<=5
wadwsiduiia vouuisawin lifidunislaas? Confirm agfisumis Done waghantiosnituie
Winu 5

[

3)  fesdinisasiseasmasnigly 25 lusaus ausansiaaaulasal

Tunnidun1amdulule Create order az1@59@usEn319 Main_clock == [9,25] @u1saideu

mesnAtansaulinisatulmaalafe AllCreate order.done imply (main clock>=9 and
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main_clock<=25) nadndiduass wisnuneanuittunndunieiiidululd Create order susniis Done

wQNANWBTENING Main_clock == 9 i1 Main_clock == 25 Laye

4)  ForIATIENRANYIASINOUNITINUNUNIIAAIALEND @11150RTId UL

q

Tunnidun1aidululel Cost of goods Fewasadunou Market plan Leue awnsaideounssnaans
auldnsiuaninanlafe Cost of goods.done --> market_plan.done waawsiluiia visonunaaauly

nduneiidulUlifiognstos 1 1dun1eil Cost of goods 1a3adunds Market plan

Editor  Simulator  ConcreteSimulator  Verifier

Qverview
E[]Check_purchase.done inmply main clock<=8 A
E<»Check_purchase.done and main_ clock<=5 Check
Al]Create_order.done imply (main clock»=3 and main clock<=I5]
Cost_of goods.done —--» Market plan.done et Trace
Insert
Remove
Comments
W

JUN 4.16 HamImugouradlnudealnumveinsiaueuiedun

4.3.2.4 aunansaifinui 2 nszudnuaiaEanIsEuaVIE AU

1nnsalfnuITl 2 nszudaueiaFosnsiausvIsAud wuiamsaulainszuanuyedadil
fodrintanaluidulnudoslnunviuivueundinduldgniondudenlulnuseslnuinasunn
Awnue JasUnnUAINNITLaNUEeda feu1nsIvdeuABUNgANTIUHIY Simulation way Model
Checker uuia3adilo UPPAAL nuinlnudeslamaiildainnsulasiinginssuaenadesiunssuasu

8038 NaN1IIUADUUTZANSAIMEUIAINUD [EUN19TIENgANELIT0UNUVDINTEREILEDTA 509

¥
P '

N159nT08g7N Main_clock == 9 uazi9gail Main_clock == 25

4.3.3 n3diAnwil 3 nszusaugeaiFeanisasiastniasin

Tunsdlfinundl 3 nssuasuseiadesnsasinstnainsinduasdumsiasnssuaunisveans
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WnTzimugauUTEAE AN wazasUnavesnsalAny) Inaivualinievesiandudalus 3
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4.3.3.1 n15a31uuUIaaensenanugaianazuladiidulnudaalnunni

v
o

AMsAS1aUUINaBINIERaNUEaTa wazwladluilulnudeslauinn fvesvue 5 Junaunuiten
3.4 faasakuuIanituAsediiasada 4.3.1 sauntuiluiendduneareinsEanusaia I uLey
waindunasiniurhnisladeyadedidndisiaudiiesn euiuendiduueavednudeslnuinin

[ 4

ATIvEBUAYINANY IvesdyanwalvesinudeslauinnainisuUas wasniuaeuluiaieslle UPPAAL

soly @unsneSuleiuLANAaT

1) a¥ruuusiaeinisinde lnsldindesfieseda 43.1 #93U7 4.17 Tawaru Check for
completeness 9zil XOR join wag XOR split @131150%1191UIUY Loop Asiadeuaugndeseitayale
37U Start approval agil AND split @sl9971 Notify acceptance wazs1u Want extra features Iagau
Start features a¥dl OR split A@u150Laanynau Withdraw money from the account, Customize card,
Enroll in reward program %38 Add secondary cardholders "Lé’ué’amﬂﬁ?uﬁmwmm’fagaﬁ Complete

features il OR join

check loan
amount

check for choose credit make decision

application completeness type

receive

check credit

bureau
3.5]

acceptance
(12

notify rejection

JUT 4.17 nssuanugetanisaliastnsiasinuulusunsueeda 4.3.1

2)  ynstuiined i wiuiendiduweaveansenanueaiantaainesesdiesada 4.3.1 Wiunda
Auueundiatu faguf 4.18 Taenalu Choose File iaidenuiluendiduuea nasniuna Submit wie
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Transfer yawl file to uppaal file!

Choose yawl file

Choose File | make_credit_card2.yawl

U7 4.18 madenldeeiansalinsinsasiadiundaivseundiadu

3)  waaRIndinady Submit AUIUT 4.18 udIuueundinduszuanideyanseuanueeianisinde

NIPUIUMININA 21 NSUIUNIS An1Tuanideua Edge in, Edge out, Usetnnvas Join wa Split lny

Y o @ 1

Al szytodnintiuiaivesuwsiasanu AUl 4.19 Fadldnuiinisszytedrdntiniainsunnaudy

]

FuuhuLaINAYN next

show all proces

sl

Process Edge in Edge out Join  Split
InputCondition receive_application
receive_application InputCondition check_for_completeness xor  and
receive_applicationrequest_more._info
check_for_completeness xor  and

request_more_info xor and
check_credit_bureau xor  and
check_loan_amount choose_credit_type and  wor
make_decision check_credit_bureau,check_loan_amoun and
notify_rejection make_decision OutputCondition and  xor
start_approval want_extra_features,notify_acceptance xor  and
notify_acceptance complete_approval xor  and
want_extra_features start_approval deliver_credit_cardstart_features xor  xor
cemplete_approval notify_acceptance,deliver_credit_card and  and
deliver_credit_card tra_features,complete_features complete_approval xor  and
sta tra_features add_secondary_cardholders,withdraw_money_from_the_account.customize_card.enroll_in_reward_program  xor or
add_secondary_cardholders start_features complete_features xor  and
usto star complete_features xor nd
enroll_in_reward_program start_features complete_features xor  and
withdraw_money_from_the_account  start_features complete_features xor  and
complete_features add_secondary_cardholders.customize_card,enroll_in_reward_program,withdraw_money from_the account  deliver credit_card or

OutputCondition

notify_rejection.complete_approval

JUN 4.19 seydedndntianaivesuiariuvesnsviaiueeianisadiasinsinsii
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InputCondition

receive_application l‘l “2 ‘
check_for_completeness l’l “ 5 ‘
choose_credit_type [ 1 “ 5 ‘
request_more_info [2 “7 ‘
check_credit_bureau [3 “ 5 ‘
check_loan_amount [3 “ 5 ‘
make_decision [3 “ 5 ‘
notify_rejection [ 1 “2 ‘
start_approval l1 “4 ‘
notify_acceptance [ 1 “2 ‘
want_extra_features [‘I “4 ‘
complete_approval l1 "2 l
deliver_credit_card [7 “14 ‘
start_features l‘l “2 ‘
add_secondary_cardholders [’I “2 ‘
customize_card l 1 “ 5 ‘
enroll_in_reward_program l1 “2 ‘
Withdraw_money_from_the_accountl 1 “2 ‘
complete_features [ 1 “2 ‘
OutputCondition

¥ o w 1

JUN 4.19 svydednintiaiaivesuwdaraiuvesnsviaiueeianisadiasinsinsiin (de)

o

4) wawnnady next luguil 4.19 31n1UATIFRUTBTIAAYINIAI VRN LA INAYY
Download AugU7l 4.20 Favzianideyanseuainugeianiitednfindrawiailugluuy Dataframe lngdl
AORNI Process, Naﬂe,Edgejn,Edge_out,ﬁﬂn,SpUt,Low&y,Upperuazﬂm Download tiialnanlng

HaanEnsulasiudnlusamsesile UPPAAL 4.1.24 ol

Download!

n  Split  Lower

HaN

notify_rejection

want_extra feat

cardholders,custemize_card enroll_in_reward_program.withdraw_money_from_the_account ~ deli

[FRSRRY R PR  F PF D FYV B

ction complete_approval

OutputCondition
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5)  dwduendiduteanlianniswlandeluesedile UPPAAL 4.1.24 uwdUSunsadudousui

HoInsAeguil 4.21 aziiuldand v 25 Tnudeelauini Juinain InputCondition, OutputCondition
i 13 1 & ¢ = s a  a
uazufazUvRINITIEanuseda agsas 1 1wl 21 lnudeslauen wazillnuseslauaiauiiinein

_completeness!

OR split 8n 4 s 25 Inudoslnum
eceive_application_send_check_|
C

receive_application
InputCondition i
InputCondition_send_receive_application?
InputCondition_send_receive_applicati clock_receive_application==1
-© o g
i Ttk _receive_dpdication:=0 =
main_clog j0_flock.=0 clock_receive_application<=2
start_all_task task done
check_for_completeness
request_more_info_send_check_for_completeness? check_for_completeness_send_choose_crecit_type!
clock_check_for_completeness>=1
—gompletenes:
receive_apflication_send_check_for_completeness? clock_check_for_completeness<=5 check_for_completeness_send_request_more_infol
task done
cf redit_type_send_check_loan_amount!
clock_choose_credit_type>=1
(©) {©) T
hoose_crecit_ty Piﬁp-'-wlih{ru'uo‘:i'il ureal

choose_credit_type
heck_for_completeness_send_choose_credit_type?
@ O
‘Bt _choose_twetit_type:=0 = ch
clock_choose_credit_type<=5

done

T task
request_more_info_send_check_for_completenes:
©

clock_request_more_info>=2

request_more_info
@ o
etk _request_fwefe_info=0 =¥

r_completeness_send_request_more_info?
clock_request_more_info<=7

done

T task
check_credit_bureau_send_make_decision!
T

clock_check_credit_bureau>=3

check_credit_bureau
redit_type_send_check_credit_bureau?
~T)
Btk _check _crewft_bureau =0
clock_check_credit_bureaus=5
done

T task
check_loan_amount_send_make_decision!

check_loan_amount
clock_check_loan_amount==3
C ﬁ:)

k_check_los="amount:=0
clock_check_loan_amount<=5

done

cho

choose_credit_type_send_check_loan_amount?
2
task

make_decision_send_start_approvall

clock_make_decision==3

check_credit_bureau_send_make_decision?
7 @ k_make_clesiston: =0
Felock_make_decision<=5 e decision_send_notify_rejection!
done

make_decision

check_loan_amount_send_make_decision?

}

check_loan_amount_send_make_decision

check_credit_burdau_send_make_decision?

notify_rejection_send_OutputConcition!

C

male_tlecision_send_notify_rejection? clock_notify_rejections=1
(©) c
etk _notify_refssfion:=0 &
clock_notify_rejection<=2
done

notify_rejection

task
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notify_rejection
notify_rejection_send_OutputCondition!

clock_notify _rejections=1

Qk_notify_re.on:w

clock_notify_rejection<=2

make_decision_send_notify_rejection?

task done
start_approval
start_approval_send_want_extra_features!
make_decision_send_start_approval? clock_start_approval>=1
ik_smrt_ap al=0 ‘
clock_start_approval<=4 start_approval_send_notify_acceptance!
task done

notify_acceptance

start_approval_send_notify_acceptance? clock_notify_acceptance>=1

'gk_notify_a'&tance:w

clock_notify_acceptance<=2
task done

notify_acceptance_send_complete_approvall

want_extra_features
want_extra_features_send_start_features!

start_approval_send_want_extra_festures?
clock_want_extra_features>=1

‘k_wanl_ex'_ features:=

clock_want_extra_features<=4

want_extra_features_send_defver _credit_card!

task done
complete_approval
deliver_credit_card_send_complete_approval?
deliver_credit_card_send_complete_approval? complete_approval_send_OutputCondition!
clock_complete %proval':ﬂ

k_complete @@proval =0
clock_complete_approval==2

ance_send_complete_approval?

notify _acc
notify_acceptance_send_complete_approval?  jaep done
deliver_credit_card
complete_features_send_deliver_credit_card?
clock_deliver_credit_card>=7 deliver_credit_card_send_complete_approvall
T_deliver _card:=0
clock_deliver_credit_card<=14
want_kxtra_features_send_deliver_credit_card? task done

start_features

envoll_in_reward_program==1

Sart_features_send_enroll_in_reward_progra
enroll_in_reward_program=={

enroll_in_reward_program==0
start_features_send_enroll_in_reward_program!

count==

ey_fghm_the_achpunt_notdol

a
withdraw_mg

agld_secondary_cardholders==0 start_festures_send_witpraw_mon
om_the_sccourt!

[_secondary_cardholders=s=i
start_features_send_add_secondary_cardholders!

customize_card=1

start_{eatures_send_enroll_in_reward_progjam!

enroll_in_reward_program=1
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add_secondary_cardholders

start_features_send_add_secondary_cardholders? add_secondary_carcholders_senc_complete_features!
clock_add_secondary_cardholders>=1

clock _ad@,_seconda\ y_cfiuralw_l;icﬁ

_ss=e<0:onda|",t_cm dholders<=2
task done

customize_card
start_features_send_customize_card? A—
clock_customize_cards=1 Customize_card_send_complete_features!
’.kfcustmm:gard =0 .
clock_customize_carc<=5
task done
enroll_in_reward_program
start_features_send_enroll_in_reward_program? enroll_in_reward_program_send_complete_features!

clock_enroll_in_reward_program==1

k_enroll_in ¥ SWUJIDQI_*U
clock_enroll_in_reward_programe=2
task done

withdraw_money_from_the_account
start_features_send_withdraw_money_from _the_account? gjock_withdraw_money_from_the_account=1 Withdraw_money_from_fhe_account_send_complete_features!
k_withdrawesfioney_from_tw¢ account =0
clock_withdraw_money_from_the_account<=2
task done
add_ ry_ s_ _features customize_card_complete_features
start_features_send_add_secondary serdfold start_features_send_customize_card_notdo? customize_card_send_complete_features_or!
add_secondary_cardholders_send_complete_features_or!

add_secondary_tardholders_send_complete T customize_card_send_complete_features? T
envoll_m_reward_program_compiets_fesunes withdraw_money_from_the_account_complete_features
start_features_send_enroll_n_reward_program_notdo? withdraw_money_from_the_accourt_send_complete_features?

enroll_in_reward_program_send_complete_features_or!

. ealures o withdraw_money_from_the_accoyat send_complete_features_or!
send_wjthdraw_money_from_the_account_notdo?
enroll_in_reward_program_send_complete_features?

start_features_send

complete_features

withdraw_money_from_the_account_send_complete_features_or?

complete_fegiures_send_deliver_credit_card!

patures>=1

ck_complete.

? clock
" her »_cmnplel':_.atuues.=0

clock_complete_features<=2
task done

OutputCondition
notify_rejection_send_OutputCondtion?

: : terminal
complete_approval_send_OutputCondtion

U7 4.21 Tnuseelpsnmvesnisadnsdnsiasinuuintosiio UPPAAL 4.1.24 (sia)
4.3.3.2 NM1IATIVFDUANUNABIVDINGANTINHIU Simulation uaz Model Checker

dusaundaannyinisulainseanugaianitasidntiwiantlilulnudeslnuiniuds agvin

N3ATIVEBUABUNGANTINHIY Simulation WAz Model Checker UuiATBila UPPAAL 4.1.24 Lilag3dl

'
a

Inudealauimiliainnisulasiinginssuaenndeaiunszuaiueaianioly ludnvuzasauaguyni

q

Aundululd wagynauanunsadiatuldediaies 1 nsdl anunsaeduieiiudulinaeluil



1) @529@0UHIU Simulation UA3esilo UPPAAL 4.1.24

MN1591804iATUNNUANNNTELANUEDTA NUTIAINITOYINNUMIUNTTLaNUERIalAATUNN
nulpgaswunduaeanuuiast wuufinia Make_decision @il XOR split den Notify rejection faguf
4.22 wazlkuuass Make decision t@an Start_approval ﬁdgﬂﬁ 4.23 lnududen Notify rejection %30

e ldaunsavidnsiasiale Aezgnddluauauiuil diudnden Start approval Aasgnasly

Notify acceptance Wag Want_extra_features Lieaausuaaaudfiisfusioly

62

= [ ] 8 0 8 L B
e . 1 1
g b check_for_ requesil_more notify_
inf check_loan iecti
Input =] compleness _info il rejection
1 1 R unt
Condition s é
y I choose_credit check_ credit make Output
# _type _bureau decision Condition
receive_
application g i L
5] B
&
é s
: =
8
(=t
@)
| 1
LJ"? > 6]
: v
%____,. _%
L
I [
Bl )
=
)
D_> 1
(5] st
l |
i >
! 1
]
> T
u , 1 ! -

| @

JUN 4.22 iamsdnaedlvudeslauimvenisadastnginsin nsal make_decision Ldan notify _rejection

Tuedesile UPPAAL 4.1.24




63

=

ut
on

- f outp
- want_extra Jh
ke Do _features add_ i
decision > [ 1 sacaNaa- enroll_in_
reward
complete_ cardholders i
st T L approval -Prog
approval = ’ [ start_
go— : .
e features withdraw .
G " money. enroll_in_
rejection )i_> - y i cstoniize from_the reward_
it - card _account program_
acceptance — ] complete,.
T features  withdraw_
: [ ! add money_
e ? secondary, from_the_
L cardholders_ account_
1 complete_ complete_ s
P = features features complete_
e features
P i | 4
! [
customjize_card_| R
complete_features
= !
|
—_—
e :
‘ —n
- ¥
= |
deliver_
credit_ —_ T
card ! i
F o
!
G
I L
—> )

] 5 i ] ] ] ) ¢ 2 £ 2 ) ==

JUT 4.23 nan1sinaedlnudealauimyesmsadasingnsin nstl make_decision tden start_approval

Tuia3pdilo UPPAAL 4.1.24

2)  ®539dUN1U Model Checker UuLﬂ%‘aﬁﬁa UPPAAL 4.1.24

ymamuaeulnelddydnual E<> Wegtmnaudufoniatulusgistos 1 dumsoanseua
nuMsalpsUnsAsAn  Imewudn  deliver credit card, complete approval, want extra features,
notify_acceptance, start approval, notify rejection, make_decision, check loan_amount,
check credit_bureau,  request_ more info,  choose credit type, check for completeness,
receive_application, add secondary cardholders, enroll in reward program, customize card,
withdraw_money from_the account ansaiadaauldognedos 1 duvmamsvhay ﬁ'ﬁgﬂﬁ 4.24 WU

wanadudideiaue vuneauInduasviaun




64

Editor Simulator ConcreteSimulator  Verifier

Owverview

E<rdeliver_credit_card. done "~
E<rcomplete_approval. done

E<rwant_extra features.done

E<rnotify acceptance. done

E<rstart_approval.done

E<rnotify rejection.done Checlk
E<rmake_ decision.done
E<rcheck_ loan amount. done (et Trace
E<rcheck_credit_bureau. done Insert
E<>request more info.done

- = Remove
E<rchoose credit_type.done
E<»check_for_ completeness._done Comments

E<rreceive application. done
E<radd secondary cardholders. done
E<renroll in reward program.done
E<rcustomize card. done

E<rwithdraw money from the account.done W
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and main clock <=1 0 738 AU E <> OutputCondition.terminal and main_clock<=9 % 3 ®
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Wi0939 19 93¢ Jevneenud Suiadunisii OutputCondition agiuLs Terminal kagliantosndn
wiowhiu 10 waglifidunidlaaefi OutputCondition agiuLs Terminal kazhiantosnimsewiniu

9 aqﬂlﬁiﬂ OutputCondition 3¢ Terminal L%Jﬁqm‘ﬁ' Main_clock==10

o

2) nUsenagAesddufounantsadasinsiiuudnioudeyansudiauingiasin aunse

[

Asvaaulanall



65

TuynidunnsidulUls Notify acceptance doua3adunou Deliver credit card Lews @unsaidou
nysnmiansauliinisA1ulIanlafe notify acceptance.done—>deliver credit card.done Wu11

nadnsduass vsenneanusruvIzdeduiuiouasdunsuiivnsinfinizgndseentulignd

Editor Simulator ConcreteSimulator  Verifier

Overview
notify acceptance.done--=deliver credit_card. done ~
E<=0utputCondition.terminal and main clock<=10 Checl
E<=JutputCondition.terminal and main clock<==5 i
- Get Trace
AllCutputCondition.terminal imply main clock==10
E<rwithdraw money from the account. tasktcustom. . . Insert
Remove
Comments
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