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Abstract

Enterpise Modeling (EM) methals arerecogiised
for theirvaluein providingamore organisedvayto
describea comgex, informal domain. A prodem
with EM is thatit doesnot always provide direct
input for softwaresystemdevelopment. Thee is a
“gap’ betweerEM andsoftwaresystemsOneway
of bridgng this gapis to provide a formalisation
here called that subsumes wide variety of core
modelirg notatiorsin asingleusingabusinesgpro-
cesdanguage.lt is possibleto have differentviews
of whatis coreto suchalanguag but ourattempiat
suchaview is articulatedn the FuncamentaBusi-
nessProcesModeling Languae (FBPML), which
is a meger of IDEF3 and PSL. A workflow lan-
guaee, the FBPML Workflow Language (FWFL),
is constretedandusedto provide adeclaréive de-
scriptionof aworkflow system.FWFL is testedin
the “PC-configuation” domain We also suggest
using a validation and verification suppat frame-
work to analyseand verify the businessprocess
model(BPM). Finally, somecompleity resultsare
presentedor this type of mockling.

1 Intr oduction

Businessare becomimg larger and more diverse, thus oper
ationsare more complex than ever.  Although information
techndogy is widely apgied in businessopeations, it still
lacks a precisemeansof comnunication betweenbusiness
modé and software systemdevelopmeri. EM methals are
well recogrisedfor theirvaluein providing anorganisedway
of descriling acompex, informal domain,andareoftenused
asatool for Knowledge Managment(KM). Therearemary
typesof EM methals suchas businessmodding methals,
processmodelirg method, organisatioml moceling methals
andrelatedontdogy designmethod. However, EM doesnot
alwaysprovide directinpu for softwaresystemdevelopment
whichleavesagapbetweerenterpise modelingandsoftware
systems.

This pape triesto bridge thegapbetweerEnterpriseMod-
eling (EM) andSoftwae SystemsTo apprachthis, we have
createda formalisationcalled“FWFL" for all mockls using

FBPML which providesa declaratve descriptionof a work-
flow system.A workflow systemmaythenbe desigred and
implemerted basedon “FBPML” and“FWFL”. This would
play animpartantcommunicationrole in the opeationof an
organisation.

In orderto verify andanalyseheBPM, athree-lerel frame-
work is alsointroduwced as a meansof analysing BPMs and
workflow systems. Finally, the comgexity of BPMs and
somecomparisonswith otherrelatedwork arediscussed.

2 Literatu re Review

Many businessprocessmockling langageshave beenin-
ventedfor differentbusinesgprocessnodelirg needs.n this
section,we will review two typesof processmodelinglan-
guage andintroduceathird one— FundanentalBusinesg$ro-
cessModeling Language(FBPML).

2.1 IDEF3 Proces Description Capture Method

IDEF3, a processdescripion captue methal, hastwo as-
pects: capturirg processflow andobjectstate. The primary
goal of IDEF3 is to provide a well-structued metha by
which adoman expet canexpressknowledgeaboutthe op-
erationof a particularsystemor organisation[Mayer et al.,
1994. It alsocapturesthe behavior of an existing or pro-
posedsystemby structued description Becauseof its well-
structurel appoach,we canuselDEF3 asa knowvledgeac-
quisitiondevice for describingwhata systemdoesor how an
organisationworks.

IDEF3 includestwo forms of descriptim: a processflow
descriptionandanobjectstatetransitionnetwork A process
flow descripion describs “how thingswork” in an organi-
sation[Mayeretal., 1999. It focuseson the processesand
their tempaal, causal,andlogical relations. An object state
transitionnetwork focuseson objeds andtheir statechang
behaiors. This paperfocusesonthe processlow descriptio
becausdt is relatedto whatwe usein this paper

An IDEF3 processflow descriptioncapturesa descriptian
of processeandtherelatiorshipsbetweerthem. It provides
a graphcal andstructual representatiorthatdomainexperts
andanalystsfrom different disciplinescanuseto comnuni-
catewith eachother This includesknowledge abaut events
andobjectsinvolvedin the processandtheconstraiing rela-
tionswhich determire the behavior of eachoccurence(pro-
cessandobject).It usesUOB (unitsof behavior), links, junc-



tions, refeientsandnotesto representhe proessesandtheir
relationslips (suchastempaal orderirg).

2.2 ProcessSpecificatin Language

PSLstanddor ProcessSpecificatiorLangwage. It is aninter
chang languagethatallows apgicationsto exchargediscrete
processdata[Schlenof et al., 1997]. It providesa comma
langlagebetweerdifferert applicatimsandcaptuesthenec-
essaryprocesdnformation from ary givenapplicatio. The
goalof PSLis to facilitatecomnunicationbetweerthoseap-
plicationsby usingPSL-basedranslatos. For exanple, sup-
posethereare n different applicatiors, that will commnuni-
catewith eachother If thereis no intermedate languag
like PSL, it requiles O(n?) translatos for themto commu
nicate.But with PSLlangua@ asa standartzedcommunica-
tion medium, thenurmberwill reduceto O(n).

PSLprovidesformal specificatiorfor semanticsn process
modeds dueto lacking or inadegate specificationin exist-
ing appoaches.With PSL, processnformation canbe ex-
chang@dbetweera variety of apgications. This formal spec-
ification is the PSL “ontology” asit focusesnot only on the
termsof the ontolog/ but alsotheir meanimys.

ThePSLontolog/ hasthreenotions:language, modelthe-
ory andprooftheory. A languageis alexicon (a setof sym-
bols) anda granmar (a specificationof how thesesymbols
canbe combired to make well-formed formulas). The lexi-
conin PSLis a setof logical symbds (e.g. boolean quanr
tifiers) and nonlagical symbols(i.e. PSL expressios, such
as constats, fundions, symbds, and predicated)Schlenof
etal., 200d. In modeltheory, PSL provides a mathenati-
cal characteriation of the semanticspr meaiing, of thelan-
guag of PSL [Schlenof etal., 2004. Prooftheoryconsists
of threecompaments: PSL core, foundationd theories and
PSLextensions

The PSL core is a setof axiomswritten in the basiclan-
guage of PSL. Theseaxions provide a syntacticrepresen
tation and semanticdescripion of the PSL mockl theoy
[Schiendf etal., 2000].

A fourdatioral theoryhassufiicient expressve power for
giving precisedefinitiors of, or axiomatizationsfor, theprim-
itive conceps of PSL [Schlendf etal., 20(0].

PSLextensionsareexpressionghatarenotincludedin the
PSL core. It providesextra usagefor expressingmorecom-
plicatedprocesses.

2.3 Fundamental BusinessProces Modeling
Language(FBPML)

FBPML, a visual moceling languag, memges IDEF3 and
PSL.Thislanguag is designedo suppat bothsoftwareand
workflow systemdevelopment. It offers precisesemantics
andcanexpresshusinesgprocessesn logical sentence.

Therearethreetypesof nodes: Main Node, Junction and
Annotation. Main NodesincludeActivity, Primitive Activ-
ity, RoleandTime Point. Processs the mainconcep of pro-
cessmodding languag@s. In FBPML, asin PSL,an actiity
is usedto represena process.n this docunent,we will use
processandactivity interchaigeably

ActivityandPrimitive Activity: An Activitydescribesitype
of processthatmaybe deconposednto sub-pocessesThis

is called“decomposition”. Whenall sub-pocessesre fin-
ished,the high level processis alsofinished. Primitive Ac-
tivity is a leaf nodeactvity thatmay not be further decom
posed. However, theremay be alternatve ways of execu-
ing a process. When one alteratve processs not executel
and finished properly, anotter alternatve processmay col-
laborae with the curren oneto acconplish thetask. We call
thesesub-alterative processe$specialisation”. In FBPML,
threemain compnens of anactity aretrigger(s), precon
dition(s), andaction§). An actiity alsohasanunique hier-
archicd positionHP) anda nameto identify it.

TimeandRole Thedefinitionof Rolein FBPML is useful,
an enablermay play a Role thatincludes a set of actiities
andmay have resposibilities for theseactuities. Time Point
indicatesa particdar pointin time during the processnodel.

Junctions arewidely usedin mary processmodelinglan-
guages.In FBPML, therearefour differenttypesof junction:
Start, Finish, AndandOr. TheStartandFinishjunctionsrep-
resenthebeginning andendof a BPM. Startis theentryof a
BPM. Finishis the pointat whichthemodelstops.

And or Or junctions indicatea oneto-mary relationship
andatempoal constrain betweertheactiities connectiig to
them[Chen-Bugeretal., 20®]. Bothof thesgunctiors have
two kinds of interprdation: joint andsplit. They repesent
thedifferert topolagiesof a BPM. Figurel shows thesefour
differenttypes of topology.
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Figurel1: And Joint, Or Joint, And Split andOr Split Topd-
ogy

And_Joint or Or _Joint indicatesthat thereis morethan
oneprocess preceéhg the “And” or “Or” junctionbut there
is only oneprocessfollowing thejunction. 1(a)and(b) shov
thesekindsof junction Both have threein-coming proesses
(A,B,C) andoneout-going process(D). And _Joint indicates
the proessexecuion sequene andthe tempoal corstraint
on the pracess. It meansthat all the processegA,B,C) on
the left-hand side mustbe finishedbeforeprocessD canbe
started. If one of the left-hard side processesannd be
finished, the entire flow canna continueto the next stage.
Or _Joint meangsthatwhenat leastoneof the left-hard side
processess finishedthenprocessD canbestartedjt doesnot
needto wait for the otherproessedo befinished.

And_Split or Or _Split meansthat only one processwill
procead to the “And” or “OR” junction but more thanone
processwill follow thejunction. 1(c) and(d) illustratethis.



And_Split indicatesthataslong asthe precediig processs
finishedthenall the following processedecane tempoally
qualifiedand may also be started. It alsoindicatesthat all
thefollowing processemustbetriggered but areallowedto
be finishedat somelatertime. Or _Split meansat leastone
of following processesvill betriggeredandexecute prop
erly, afterthe preceéhg processis finished. It doesnot have
ary constrint abouthow mary processewill be triggered.
It maybe one,two or more, depading on the trigger cond-
tionsof thoseprocessesTheexeaution sequene of triggerel
processesmaybe parallelor sequential.

Combination of “And” and “Or” Junctions: The“OR”
and“And” junctiors may also be combired to represeha
more complicatedBPM. There are four differentkinds of
combnation. Suppse processA is conrectedwith pro-
cesseB,C, andD. Processt follows processe®,C andD
in thesedifferert combiration. Thefirst type of combination
is “And_Split” (figurel (c)) and“And_Joint” (figure 1 (a)). It
meanghatwhenproassA is finishedthenprocessB,C and
D will beandmustbestarted After all theprocesse8,C and
D arefinished?, thenprocessE canstart. It hasthe strictest
restrictionin a BPM. The combiration of “Or Split” (figure
1 (d)) and“Or Joint” (figure 1 (b)) meanghat after process
A isfinished,at leastoneof theprocesseB, C andD will be
startedandexeauted.ProcesE will notbestartedunlessone
of thetriggeredprocessess finished.lt is aloosercorstraint
thanan“And_Split” and“And_Joint” junction

The combindion of “And_Split” (figure 1 (c)) and
“Or_Joint’(figure 1 (b)) meansthat when process A is fin-
ished,all the processed,C andD mustbe startedand exe-
cuted.If processB, C or D is finished thenprocessE canbe
started It is differentfrom an“And-And” junction in thatthe
“Or_Split” (figure 1 (d)) and“And_Joint” (figure 1 (a)) junc-
tionindicateghatat leastoneof theprocesse8,C andD will
be startedand execued after processA is finished. Process
E will notbestartedunless-‘all of thetriggered processes ?
arefinished. The triggered processesmay be a comhnation
of someof them. Becauseof the “Or _Split” junction, it does
not needto trigger all the precedig proesses. It thus has
moreflexibility thanthe*And_Split” junction

Annotations include IdeaNoteandNavigationNote Idea
Noterecordsnformationwhichis relatedto the processedut
not part of the processmodel. Navigation Noterecord the
relationstips betweendiagmmsin a model [Chen-Buger et
al., 20@]. Neitherof themcontibuteto theformal semantics
of the processmodel. Instead they areusedto help usersto
undestandthe proessesnoreclearlyfrom anintuitive point
of view.

Nodes(Main NodesandJunctims)arecomectedoy links.
Two typesof links areprovided: the precedene-linkandthe
syndironisation-ba. A precedene-linkindicatesa tempaal
constraim betweentwo processes.It meansthat actvity B
cannd startuntil actvity A hasfinished A syndronisation-
bar also placesa tempaal constraintbetweentwo time

Thereis no restrictionaboutthe executionsequene of these
threeprocesses.

2Theseindicatethat the pre-proessesf the “And.Joint” junc-
tion which aretriggered.

| ITEM IDEF3 PSL FBPML
Property Processmodeling | Interchange Business mod-
language language be- | eling language
tween different | especially sup-
manufcturing portssoftwareand
applications workflow system
development
Notation Rich GraphicNo- | OntologyandFor- | Simpler version
tation mal Semantics Notation but
semantics  are
presented
Basic UOB (Unit of Be- | Activity, Activity,
Proces havior) Primitive-Activity | Primitive-Activity
Description
Distinguish v v X
terms
between
process,
activity and
task
Link Precedence Ordering Re- | Precedence-Link,
between Links with | lation over | Synchronisation-
processes Differenttypesof | Activities(ext) Bar
Constraints
Junction AND, OR,XOR AND, OR, XOR +/ (not the same
Junction(core) asPSLandIDEF3
Junction(et) butis anextension
and refinementof
both)
Time Not in the | Duration(et), Time point, dura-
notation but may | Temporal Order | tion,length
be expressed | ing Relation(et)
informally
Role X v
Annotation ReferenandNote Idea Note and
NavigationNote
Decompositionl A processmaybe | SubActiity(ext) A processnay be
decomposedinto decomposedinto
sub-processes sub-processes
Specialisation | 1/ Vv
Execution X v
Logic

Tablel: ComparisorBetween DEF3,PSLandFBPML

v —Yes

x —No/Notapplied

core—PSLcoreconcept
ext — PSLextensionconcept

points. This notationenablesary time pointsto be made
equialentandtherefae enableproces®pertionsto besyn-

chrornised.

2.4 ComparisonbetweenIDEF3, PSL and FBPML

After briefly reviewing theIDEF3,PSLandFBPML, we will
focusontheirsimilaritiesanddiffererces.Tablel summaries
this brief compaison.

Similarities: IDEF3, PSL and FBPML all focus on pro-
cessexpressiontechniqiesto provide a standad methalol-
ogywhendescriling a process.Thesethreebusinesprocess
represetationsallow domainexpets to expressknovledge
abou how a systemworks, andcan provide a comnon lan-
guage betweerdifferen applicatims.

Differ ences: Although IDEF3, PSLandFBPML arecon-
ceptuallysimilar, in table1 we lists themajordifferencede-
tweenthem. IDEF3 provides a graphical way to repesent



processes allowing the logic of processeso be more easily
represeted. Although IDEF3 hasthis adventage;it lacksan
unanbiguows semanticdescriptionfor its notatian. By con-
trast,PSL hasa well-defined ontology andformal semantics
but lacksgraphical notatiors. Userscanrot easilydefinepro-
cessedn this languagewithout proper trainingin logical lan-
guages. FBPML combiresaspect®f bothIDEF3andPSLto
obtainthe adwartagesof their differentaspectsit providesa
simplerand more pragnatic modelirg languag suitablefor
workflow systemdesign.

3 Devising alogic-basedWorkflow Language
for FBPML

FBPML is avisualandconcepual language.It captuesand
describeghe businesgrocesse®f anorganisation.Besides
describig a model,it alsoallows BPMsto be analysedre-
designedandchecled. Through FBPML, the tasksandop-
erationof anorganisationcanbe moreeasilyundestood. In
orderto providethepropertiesdescriledabore, FBPML hasa
declaratve readirg (understoodndepeently of ary partic-
ular computationalprocedurg aswell asanoperatimal read-
ing when combired with a particularcompuational proce-
dure.Theseareexactlythe principlesthatFBPML embadlies.

While FBPML gives precisesxecuion logic for processes,
it allows multiple versionsof implemenationof theworkflow
engire. Thisis because¢he FBPML specifieshow proesses
shouldbe enactecdbut doesnot specifythe workflow engire
that enactsthose proaesses. In this section,we have con-
structeda workflow language“FWFL” (the FBPML Work-
Flow Language) basedon FBPML. In section5, oneversia
of theworkflow engirewill beintroducedbasedn“FWFL”" .
Thedefinitiors of FWFL will beintroducedin the following
section.

3.1 FBPML WorkFlow Language(FWFL) Design

Process: The predcate definesa process. It hassix param
etersProcesslgd ProcessNamePstate TrigCond PreCond
andAction

process(Processld, ProcessName, Pstate, TrigCond, PreCond,

Action)
ProcessldiefineshelD of aprocess.It mustbeuniqueto all
processesin the BPM. ProcessNameescribeghe nameof
aprocess.It does not have ary impacton the execttion, but
is usedonly for humaninterpietation. It's purposeis to help
the userundestandwhat the processis. Pstaterecordsthe
statusof aprocessTherearetwo typesof statusin a process
—“Triggered” and“Completed”. “Triggered” meanghatthe
processis alread triggered andis tempordly qualifiedto be
execuied. “Completed meansthatthe processhasalreay
beenexeatedproperly, i.e. it is alread finished. TrigCond
defineghetriggercondtion(s)for theprocess.lt iscompsed
of atriggeredeventor valuesabou astate e.g. attributesand
theirvaluesof anentity. PreConddefineghepre-candition(s)
for the processlt is compsedof attributesandtheir values
of an entity thata processmaripulates. A simple examge

%It also hasa condition — delaytime which describesa delay
condition.

will be usedto illustrate this later A usercanunderstand
whatthe procesdookslik e simply by readirg through its de-

scription. Exampe 1 shavs thatprocess‘a” needsan event

totriggertheprocess. Theconten of thistriggereventcanbe

readsimply throudh the descrigion.

Actions For Processes: In FWFL, eight differ-
ent types of action are provided. They are cre-
ateentity, getnen\alue_fromusr, getupt\éluefrom.usr,
addattribute,  deleteattribute,  updae_attribute,  re-
fer_attribute_of_entityanddeleteentity.

The action createentity createsa new entity and add it
into theentity databaseTo carryoutthisaction—theattribute
andits valuefor thatentity areneededat execttion time. The
action get newValue_from.usr getsa value from the userat
run time, asa workflow systemmay have interactiors with
othersystemsaswell aswith the user This actionprovides
aninterfacethroughwhichaworkflow systencanobtainnen
datafrom a user The actionget.upt\élue from.usr is simi-
lar to getnewValue_from_usr The only differenceis that it
getsanupdatedvalueto updateanexisting attribute. The ac-
tions add attribute deleteattribute or updde attribute add,
deleteor updateattributesin an existing entity. The action
refer.attribute of_entityrefersto thevalueof anattributepro-
vided by anotler entity. The actiondeleteentity deletesan
existing entity. Sometimeghe actionsbeing carriedout by
oneprocessnayconflictwith anotheiprocess.Theworkflow
systemneedgo dealwith this situationandprovide appraqori-
atewarning messages.

Exanpl e 1:
process(a, receiveCustonerReq, Pstate,
[ exi st (event _occ(Eventld,
custom req_for_pc_spec,
created,
attribute(Attr)))],

[true],
[create_entity(attribute(Attr))]).

Instance: A processinstances anactualrunning process
at execuion time. A process(type) may have more thanone
instancedependhg onthenumker of events. Thedefinitionof
aninstancds inheiited from processsuchasTrigCond Pre-
CondandAction. Theonly differerce betweera processand
aninstances thatprocess'variables ProcessldProcessName
andPstateareusedinsteadof Instanced, InstanceNamand
Istate but thedefinitionsof theseparametesarethesame.n
addition aninstancehasa paraneter— BeginT/ErdT thatis
differentfrom processlt recadsthestartandendtime of that
instance As we know, aninstancds the actualexecutedpro-
cesstherebre,its variaes areinstantiatecat runtime. The
workflow systemneed to recordthis informationandcarry
outsomechechng atexecuion time. A predicate<instance”
is therefae:

instance(Instanceld, InstanceName, Istate, TrigCond, PreCond,

Action, BeginT /EndT)

Attrib ute: Attributesareusedeverywherein FWFL such
as“TrigCond, “PreComd”, “Action”, “entity” and“evert”.
Attributesaredefinedin predcate:

attribute( EntityName — Attribute Name/AttributeV alue)

This meansthat the attribute, AttributeNamebelongs to a
particula entity, EntityName Its valuewill beassignedtex-
ecutiontime. For exanple, “customername/NameV'means
theentity “custoner” hasanattribute “name”. Thevaluehas
notbeenassignedet.



FWFL alsoallowstwo otherdifferen kindsof attributesto
beused.Thesetwo attribute definitions areslightly different
from thepreviousone. Thefirst typeis the multiple-vdue at-
tribute. For exanple, “ioBoard-capability/ormal-graplics-
long)’ meanghattheentity “ioBoard” hasanattribute“capa-
bility”, and“capability” hasmultiple valueswhich are“nor-
mal”, “graphics” and “long”. Thesethree values appear
at the sametime in the attribute “capability”. The second
type is the alternativevalue attribute. For exanple, “box-
color/[white,silverblack]” meanghattheentity “box” hasan
attribute“color”. Thevaluesof colorareonly oneof “white”,
“silver” or “black’.

Attrib ute Domain and Attrib ute Value: The doman of
anattributeis definedby

att-domain(Class, Attribute Name, Domain)

Theattribute, AttributeNameindicatesthat“AttributeNang”
is anattributefor instancesn aclass,‘Class”. Thefield Do-
main defines the domainof valuesfor the attribute. For in-
stance, att_domain(processor, type, [t1,t2,t3,t4]) means
that Class“processor’hasan AttributeName'type”, andits
doman is “t1","t2","t3" or “t4”. AttributeValueis definedby

att_value(Class, AttributeName, Value)

It means“AttributeName”belong to class“Class”. The
value of this AttributeNameis “Valu¢. For exampe,
att_value(customer, order No,value(1)) meanghat Class
“customet hasanAttributeName‘orderNo’, andits valueis
“1”.

Entity: An entityrepresentaclassin theworld. It defines
the propertiesof anentity.
Thepredcateis:

entity( EntityName, Entityld, EntityState, Entity Attribute)

The EntityNameis the nane of the entity. The Entityld is
theID of theentity. Thesameentity typewill have thesame
entitynamebut differentiDs. Thus,thelD is unique. TheEn-
tityStaterecord the stateof the entity. Therearetwo typesof
thestate:“valid” and“invalid”. Theentityis “valid” whenit
is createdit is “invalid” whenit is deletedor afterit reaches
a particdar time point. The EntityAttribute containsthe at-
tributesandtheir values for that entity. At execuion time,
every occurenceof this entity mustbe bound by theseprop
erties.An entity occurenceis definedas
entity_occ(EntityName, Entityld, EntityState, Entity Attribute)

whichis inheiited from the entity definition
Event: An eventdefineghepropertiesof atriggerel evert.
It is repesentedhs
event(Eventld, EventType, EventFlag, EventAttribute, Time)

The Eventldindicatesthe ID of anevert. The Eventpeis
the type of an event. The EventFlay record the stateof an
evert 4. The EventAttritute contairs the attributesandtheir
valuesfor the evert. Time record the trigger time for this
evert. The evert predicatedefines the propertiesthat are
neededn anevert. In the sameway, the evert datais rep-
resentecdsanevent occurrece.An event mayhave different
occurencesWe use

event-occ(Eventld, EventType, EventFlag, EventAttribute, Time)

“Two flags—“new” and“created”aredefinedin FWFL.

to expressit.
Junctions and Models: Theprediate
junc(Modelld, JunctionType, PreProcesses, PostProcesses)

is usedto representa junction For examge, if we want
to representa junction Or_Split which is comectedwith
“b” and“c,d,e,f’ for Model “m1”, we canrepresenteds as
june(mt, or_split, [8], [c, d, e, f])

4 Validation and Verification Support
Framework for BusinessProcesdVodeling

In this researcha three-lerel framework is providedto anal-
yse the BPM. The framevork includes“modé behavor”,
“detailedmodé testing and“instartiation of businesssce-
nario — casestudy’ Thisframework is intendel to give users
a more systematicstructue when analysinga BPM. The
framework first addressethe processflow contiol issuesand
thenfocusesonthedetailedprocessanalysis. Theanalysisof
this framework mayalsobedividedinto two cateyories:syn-
tactic andsemantid SadigandOrlowska, 199%6]. Theinvaid
useof abusinesproessmodding langlageresultsin syntac-
tic errors. Semanticerrors occurdueto incorrect modelirg
of businesgrocessesr gettinginto erroreoussituationsbe-
causeof unarticipatedcombindionsof taskexecutian [Sadiq
andOrlowska, 1996. Basedon thesetwo typesof error, we
defineour two typesof critique assyntacticcritique andse-
manticcritique. We verify themandgive advicein thethree-
level framework.

Figure 2 demastratesour three-lerel framenvork and
shaws the relationshig betweenlevel 1, 2 and3. Level 1
consides the overall mockl behaior to find the appopriate
topolagy for the BPM andcarriesout the syntacticcritiques.
Level 2 captureshe topolog/ featuresfrom level 1, carries
out the semanticcritiquesand eliminatesimpossibleexecu
tion sequenes. Level 3 execuesthe BPM using business
scenariogentity data)in a particdar dormain and attempts
to validatethe mocel. Becausehe examired problen space
for possibleexeaition pathsis redwcedby eachlevel asmore
informationis presentedby the model,we presenour three-
level appoachin a three-lagredoval graph The detailed
descriptimswill beintroducedin thefollowing sections.

Figure2: Overall Framavork for BusinesProcesModeling

4.1 Model Behavior Level

Syntatic critiquesare checled at the modelbehavior level.
The typesof syntacticcritiques are showvn in tables2 and
3. This includestwo parts—syntacticerrors and syntactic
warnings “Model behaior” is alsoexamned at this level.
Themodé behavior indicatesall the possibleactionsthatthe



Error Types Type of | Errorandexplanation
junction

Junctionlogical error | And_Joint morethanoneoutgoingnode
Or_Joint morethanoneoutgoingnode
And_Split only oneoutgoingnode
Or_Split only oneoutgoingnode
Start& Link morethanoneoutgoingnode

Table2: SyntacticErrors

WarningTypes | Explanation |

Connectingvarning Thelink doesnot connectproperly

Redundangwarning | More thanoneof thesamenodeconnectedogether

Table3: SyntacticWarnings

modd maycarryout. Thefirst levelin this framevork gene-
atesthiskind of modé behaior. At thislevel, all thepossible
triggeredresultsandtheresultingexecuion sequenesarede-
termined Theuseramayknow all of possiblébehaiors of the
BPM usingthis facility. Thisfacility is usefulin undestand-
ing the behavior of a similarly comgicatedmodel. Through
this simplebehaior enumeation,theusermayhave arouch
ideaabou whatkinds of flow maybe executed Particuarly,
theusermayknow the stateenumerationandall possibleex-
ecutionsequencesAlthough the BPM that we dealwith is
writtenin FBPML, this appoachis genericto otherbusiness
processmockeling languaes.

4.2 Detailed Model TestingLevel

The main pumposeof level 2 — detailedmodeltesting— is to
provide semanticcritiquesfor the BPM suchasreadability
analysis®, potentid deadlaks andirrelevantnodes As for
syntacticcritiques,it maybedividedinto semantierrorsand
semantiavarnings Table4 and5 summaiesthesecritiques.

This detailed testing mechanismconsides the logical
meanig of the junctiors, precaditions and actiors of the
processestogetter to verify the semanticof a BPM. It also
figuresoutthe possibleaxecutionresultsof the BPM.

At thislevel, notonly thelogical meaningof thejunctions,
but also the detailedprecanditions and actionsof the pro-
cessesreconsiderd. Neitherlevel 1 nor level 2 consicer
trigger condtions, becausall possibletriggeral resultsare

*“Reachaility analysis”is usedto describethe constructionof
a state-transitioomodel of a systemfrom modelsof individual pro-
cesse$YehandYoung,1991

| Error Types | Explanation |

Unreachabilityerror Thepreconditionof the processannever be satis-

fied, andtheproceswill neverbeexecuted.

Deadlockerror A process(Awaitsfor anothemprocess(Bandpro-

cess(B)waitsfor process(Ajptthesametime.

Terminationproblem Determining whether a workflow structure can

reachaterminatingstate{ter Hofstedeetal., 1996 .

Table4: SemanticErrors

WarningTypes | Explanation

Irrelevancewarning A procesghatdoesnot useoutputsfrom ary other
processesnd doesnot produceinputs for other

processesd use.

Table5: SemantidVarnings

listed at thesetwo levels. The analysisof level 2 is based
on the resultsfrom level 1. The analysisof level 1 enume-
atesall possibleresultsof the BPM. Somedetailedcheckiry
areadded at level 2 to eliminateall impassibleexecutionse-
querceswhile keepng all possibleones. A terminatia prob
lem mayalsobedetectedat thislevel.

4.3

At level 3, instantiatian of businesscenario- casestudy the
entity datais instantiatedo a BPM. At this level, ausersce-
nario adaped from AKT projed® in the “PC configuation”
doman hasbeenusedto testtheseideas.The BPM is shawvn
in figure3. It is differentfrom level 1 andlevel 2 in thatlevel
1 and?2 focuson overall businesgprocesamodelsimulation
whereadevel 3 focuseson a specialcasestudy At level 3,
a workflow systemis executedand may createinstanceof
processesat run time which dendon the giveninput data.
Thefinal flow is determired dueto the attributesof this data.
At thislevel, conflictingactionsarealsochecledandaresig-
naledby warningmessages.

A workflow systemdirectly mappedto FWFL is imple-
mentedat this level. A BPM describedn FBPML is usedat
this level, andmaybe checled andrunin this workflow sys-
tem. Thedetailedsystemarchitectue andimplemenationare
discussedn section5. Thethree-leel framework becanes
comgete becage mocel behaior is testedandsomemodel
checkirmg is providedin level 1 and2, anda caseis usedto
analyse¢heBPM atlevel 3.

Instantiati on of BusinessScenariolLevel

determineProcessgp

4 determineloBoard
d

receiveCi e toCreateOr or determineDiskC And examPC: End
a e

specRegforbox
f

specRegforcase
9

Figure3: BPM adapedfrom AKT Project

5Advanced Knowledge Technologes (AKT) Projectis an IRC

(InterdisclipinedResearctCouncil) project. This projectis usedto
developandintegraterelevantAl techniquein thelargerprocesf
knowledge managemen Variouspublic web sitesare availableat:
http://www.aktors.og/



CaseStudy
The caseusedin this researchis adaped from the AKT
projed [Chen-Buger, 20®4] in the “PC configuation” do-
main asshavn in figure 3. A BPM andan entity database
are neecd for this workflow engne’. The BPM is com-
posedof a ProcessSpeification aJunctionSpeciftationand
an Entity Spedication. Definitions of processesare stored
in the ProcessSpecificéion. It is written in FWFL which
provides direct input to the workflow engine. If a BPM is
changd, the definitions of the processesvritten in FWFL
chang correspndingdy. The pumposeof Jundion Spedica-
tion is to recad the logical connectios of the BPM. Entity
Speciftation storesthe definitionsof the entitiesandevents
(i.e. theeventoccurencesandentity occurencesare stored
in the entity database)Becauseahe userneedsto determire
how mary stepsthatthe flow needgo run, the flow canstop
atastepwhichis stipulatedby theuser

Exampe 1 in section3.1 illustratesa part of the Process
Speciftation JunctionSpeciftationis shavnin exanple 2.

Exanpl e 2:

junc(ntl, start,[],[a]).

junc(nt, link,[a],[b]).

junc(nt,or_split,[b],[c,d, e f,
[c,d, e f,a],
hl).

junc(ntl, and_j oi nt,
junc(nt, link,[g],[
junc(nt,end,[h],[]).
Exampe 3illustratesa partof the Entity Specificéion.
Exanpl e 3:
event _occ(el,
custom req_for_pc_spec,
new,
attribute([entity-id/ el
cust oner - nane/’ John’ ,
cust oner - doB/’ 13- 06- 70’ ,
cust oner - gender / mal e,
custoner-tel/’0131-5563432",
spec( [ box-col or/ white,ioBoard-1|ength/short,
i oBoard-capabi lity/(fast-_A-_B)])1),1).
entity_occ(ioBoard,iol,valid,attribute(
[i oBoard-type/iol,ioBoard-slot/3,
i oBoard- | ength/ short,
i oBoar d- capabi | i ty/ (fast-graphics-short)])).
The BPM in examge 3 describesa processflow for “PC-
configuation for the customer”as shown in figure 3. The
trigger conditins of processc, d, ande are“true” (i.e. they
may be triggered automatically, so they mustbe triggeral
whentheflow is runring. Theusercaneasilyunderstandhe
processbecaus@ PC mustconsistof thesethreeparts. Pro-
cessesf” and“g” aredifferert. They aretriggeredonly if the
customeihasa specialrequrement. The Or _Splitjunction is
usedhere It indicatesthatnot all following processesieed
be triggered. The And_Joint is usedin the next junction. It
indicatesthatall the triggeied processesnustbe finishedat
sometime (i.e. theworkflow mustfind a solutionfor the cus-
tomer) Thetestingresultabouta caseis shavn in examge
4,
Exanpl e 4:
Model : Model 1
custoner: (Mary, John)

SpecialRequiremets: Johris speciakequiements satis-
fied, Mary’sis not satisfied.
Johns specialrequiranentis:
sepc([ box-col or/ white,ioBoard-I|ength/short,
i oBoar d-capabi lity/(fast-_-_)])

"We constructa BPM here, but FBPML may also be usedto
constructa manugctory processmodel.

Business ProcessModel

Process
Specification|
+«—— FWFL «— FBPML
Junction Entity
Specification! Specification

2

——

S ——
Entity
Databasg

Workflow Engine

Figure4: SystemArchitectue of the FWFL Workflow En-
gine

Mary’s specialrequirementis:
sepc([ case-type/ cl, box-col or/ bl ack])
TheExection Sequene:

al-i-(el-John), al-i-(e2-Mary), bl-i-(el-John), bl-i-(e2-Mary),
f1-i-(el-John), el-i-(el-John), dl-i-(el-John),cl-i-(el-John),
gl-i-(e2-Mary),el-i-(e2-Mary),dl-i-(e2-Mary),cl-i-(e2-Mary),
hil-i-(el-John)

TheExecuion Result:

The process f1l-i-e2-Mary cannot be executed.
The reason nay be the precondition cannot be
satisfied or the action has errors!
The requirement of customer --
Mary cannot be satisfied
The solution for custoner --
John is [custoner-orderNo/ 1, box-col or/white,
di skControl |l er-type/dcl, i oBoard-type/iol,
processor -t ype/ p3]
The flow is finishedat step10. We find that Johns special
requilementsinclude “case”, so processes, d, e andf are
triggered andfinished.Onthe otherhand Mary's specialre-
quirenentsinclude“case”and“box”, soprocesses, d, e, f
andg aretriggered. But as Mary's specialrequirengent for
box-color/dack cannot be found in the entity datalase,the
solutioncannot be providedto Mary. The flow stopsat step
“10” in exanple 4 becagethetermiration“step” definedby
theuseris “10".

5 FWFL Workflow Engine

5.1 SystemAr chitecture

The systemarchitectue of the FWFL workflow engineis

shavnin figure 4. A BPM andanentity databasareneedd

for thisworkflow engire. TheBPM is compaedof aProcess
Speciftation a Juncticn Specificéion and an Entity Spei-

ficatior?. The definitiors of the processesire storedin the
ProcessSpeciftation It is writtenin FWFL which provides
directinput to the workflow engine.If the BPM is chamged,
the definitiors of the processesvritten in FWFL is change

correspndirgly. Becausef the directmappirg, it doesnot

requie mucheffort to dealwith thesechangesThe purpose
of the Jundion Speciftationis to recordthelogical conne-

tionsof theBPM; it alsofollowstheFWFL. TheEntity Spei-

ficationstoreghedefinitionsof the entitiesandeverts. Event

occurencesand entity occurencesare storedin the entity

database.

8An entity is a datastoredin the entity database.



The userneeddo determire how mary stepsthatthe flow
needdo run. Theflow maystopata stepwhichis stipulated
by theuser After acceptingheinput data,the workflow en-
gine startsrunning the processesasedon the definitiors of
theprocessesindtheBPM. It checkghetriggeredevertsfirst
andtriggersall theproessesvhosetriggercondtions aresat-
isfied. Thelogical meanimys of thejunctiors directthe flow.

Whenprocessearetriggered instance®f thoseproesses
are createdandexectted. In eachtick®, all the possiblein-
stancesarerun within the giventime until they arefinished.
Sometimesomeinstancesnay not be execuedandfinished
in the current tick; the workflow enginekeepsthemuntil the
next tick. The enginerecheg&s all remainirg instancesand
runsthemagainin the next tick. This procedureloopsuntil
theflow reactesthe stepdefinedby the useratthe beginning
or until it reacheshe“END” of theBPM. Thetime andflow
stateareupdatedn eachtick, thustheusercanknow thetime
pointandflow statein eachstep.

BPM 2002 Market Milestone Repor{Group, 20@] clas-
sifies workflow processento threecateyories “process-to-
process, “person-toprocess, and“person-topersorf. The
FWFL workflow engineimplemened in this researchcap-
tures formal descriptios of the proessesand provides a
structurel methodto captue the businessprocess. In addi-
tion to handlirg “person-to-grson”or “process-toprocess”
workflow proaessesit alsoprovidesinteraction betweerthe
user and the workflow system. As well it can deal with
“personto-process’workflow processebecasgeit hassome
excegion hardling so the user can chose when he/sheis
asled for input datafrom outsidethe workflow system. In
mostsituations however, the workflow still works autonati-
cally.

Therearetwo typesof interactia in the FWFL workflow
systemthatdealwith the “personto-pracess”workflow pro-
cess.First, the workflow engire asksfor new values(or up-
datedvalues)from the user In this case the flow may stop
andwait for input from the user Secondthe workflow en-
gine may alsodetectconflicting actionswhich happ& when
differentinstancegry to dealwith the sameentity datasimul-
taneosly. Warningmessageareprovide to theuser andthe
systemasksfor adecision.

Figure5 shaws the flowchartof the FWFL workflow en-
ginewhichis implemenedandbasedn this workflow meta-
interpreter Table6 shavsthesummaryof thepredcatesused
in theworkflow system(meta-inierpretey.

5.2 StateTransition and Dynamic Behaviors

Once a workflow is implemented, we need to monita
its progess. We can do this by checling the status of
a workflow [Geogakopaulos et al., 1995. The FWFL
workflow systemrecord the flow stateusingthe predcate
flow_state(F'state, T') whichindicategheflow stateattime
T. Figure 6 shawvs an exanple of the statetransitionof the
workflow system.
In figure 6, supposeave have asimpleBPM:

°A tick indicatesa time point. It is a counterin the workflow
system(i.e. afterall the possibleprocessesre executedproperly
thetick increasedy one.)

Business Process Model

[
[ S

=
Entity
Databas¢

Figure5: Flowchat of the FWFL Workflow Engire

PredicattName | Purpose |

executeflow Controlthewhole procesglow

Checkthenew event
Executethejunctionsof the BPM
Executetheinstance®f the processes

checkevent

do_junctionprocess

executeprocess

updatetime Updatethetime point
updatestep Updatethe stepcounter
flow_state Indicatetheflow stateattime T

checkmstate Checkthemodelstate

Table 6: Main Predicatesof the FWFL Workflow Meta-
Interpreter

junk(m1,start,[J[a]).
junk(mZ,link[a],[b]).
junk(m1,end[b],[]).

andtwo trigge eventsattime pointtl. Whatwill bethe state
transition?In this case theinitial stateis “flow_state([],t0).
The model stateindicatesthe instancesf the BPM for all
triggereverts. At theinitial time, notrigger evert occus, so
no instance®of the BPM arecreated Theinitial mocel state
is “[]". Whentwo events— “custome-John”and“custome-
Mary” aretriggered,two instance®f themodelarecreated:

[start/johri[]/[a],lin k/john/[a]/[b]],
[start/mary{]/[a],link/mary/[a]/[b]] 1°

After the instanceof the mocel are created the flow starts
to run. Theinstance®f thefirst procesfor eachmockel may
alsobecreatedandexecutedaslong asthe precanditions are
satisfied. In this examge, the precandition of processin-
stance- “customerJohn”is satisfiedbut the precandition of
processinstance- “custoner-Mary” is not satisfied.Perhaps
this is becausehe requred input datais not availableimme-
diately Theinstanceof theprocess-“customerMary” is left
in the execution quaue andwaits for data. Thesekinds of in-
stancearerun againat a latertime point. Thewhole process

1%The modelinstanceof customesMary andcustomerJohn.



‘New event : john, mar‘y ‘ No new event ‘

Step: 0
ModelState =[]
flow_state([ ], t0)

ModelState = [[link/john/[a)/[b]], [link/mary/[a]/[b]]]
ProcessAgenda=[a-i-e2-mary]
flow_state([a-i-e1-john], t1)

Figure 6: StateTransitionof the FWFL Workflow Engine

flow of “custonrer-Mary” may stayat this stageuntil this in-
stancds finished.Onthe otherhand,theinstanceof thefirst
process— “custonerJohn”—is execited andfinishedat time
pointtl (Tick 1). Theinstance®f the BPM changeo
[link/john/[a])/[b]],[lin k/mary/[a]/[b]]
Theflow staterecordshe executel result—[[al-i-(e1john)],
t1], andthe processagemla storesthe remainirg instance-
[al-i{e2-may)] which may be executedater The datacre-
atedhave beensavedin theentity databae,andthatdatamay
alsobe modifiedor removed later The flow contintesrun
ning, andtheflow statechargesat eachstageuntil it reaches
theendof theflow. Therearetwo waysto reachtheendof the
processflow. First, when“ModelState”is anemptylist and
the“processagend” is alsoanemptylist, it indicateghatthe
wholebusinesgprocesshasexecuedcomgetely. Secondthe
flow reaches stepdefinedby theuser In this casethewhole
businesgprocessnayor maynotbefinished

5.3 Validation and Verification to Workflow
System

Errors andwarnings may hagpenin two situations:First, two
or moreinstancegry to dealwith the sameentity data. Sec-
ond, someinstanceanay be left in the execution queuefor
toolong. This delaytime durationis definal by the userus-
ing the predicate" delay.time_duration(Time). Table7 and
table8 containdetaileddescriptios of this.

| Error Types | Description |
Typel Two or more different instancesadd,
deleteor updatethe sameentity dataat
thesametime.
Typell Oneor moreinstanceseferto entity data
andotherstry to add,deleteor updateit.

Table7: Errar Typesof the FWFL Workflow Engne

| WarningType | Description |
Typel An instancemay not be executedfor a
longtime.

Table8: WarningType of the FWFL Workflow Engire

Whentheworkflow engineencountersthesecasestheflow
stops,a messagés displayedandthe systemwaits for a re-

sponsefrom the user Exanple 1 shovs the messagdor a
type | warning. It shows that the instanceof processb-i-
id(elJohn,elJohn)is alreadydelayel for morethann- ticks
(time). The systemwill shov the warning messagdo ask
whethetthis delayel instanceof the processhouldbekeptor
deleted.The userthenmakesa decisiontaking into account
the impactof the decision. Seriousprodems may occurin
this case.Theflow maynotbeableto continte.

Exanpl e 1:

There is a delay in Process=> b-i-id(el-John, el-John)
Do you want to continue?(y/n)y.

Continue. .. ..

Keep Process=>b-i-id(el-John, el-John)

There is a delay in Process=> b-i-id(el-John, el-John)

Do you want to continue?(y/n)n.
del ete current process.....

6 Complexity of BusinessProcessdModels

The compexity of the BPM is discussedn this section.The
compexity we calculatehereis the compleity of the verifi-

cationof the progam using simulatioriworld statesteppimy

techniaqies. The result shaws that this progam will be in

practiceneedto carry out anexhatstive searcho execue of

all thepossiblepermuationenactmets of abusinesgprocess
mode andfind if thereis ary inconsisteng It alsoleadsto

a conclwsionthat“Or _split” junctions make a processnodel
substantiallymore comgicated asit allows rapid growth of

different dynanic behaiours. In the following paragaphs
we will shov how we calculatethe comgexity of this pro-

gram.

6.1 Complexity of a Single Model

In this section,we will calculatethe compexity of a single
modé. Definition of thevariadlesusedin thefollowing com-
plexity analysisare:

e n: The numter of branclkes from an And- or Or-Split
junction

¢ m: Whentwo mockls (suchasfigure 1 (a)+@d), (a)+(c)
(b)+(c), (b)+(d)) are conneted, n is the numter of
brandesfrom the first modelandm is the numter of
brandesfrom thesecondnockl.
An “Or-Or” modelis usedto illustrate how to compue the
compgexity. Suppsean“Or _split” junctionhasn brarches.It
is possibleghatall n brarchesor only n-1brandes,arebeirg
triggered. In total,therearen + (n—1) + (n—2) + ... +1
different possibletriggeredresults. For eachtriggeredpro-
cessset,theexecuion sequencenayalsodiffer. Thepossible
permuationsof theseprocessesshouldbe consideed at the

sametime, ]
The possibleexecuion sequenceof the “Or-Or” mocel are

therefae:
Z (each possible triggered result X
all permutations of these triggered processes)

Thesecondermin the productcomesfrom:
Z (the number of the finished processes before

the second junction X permutation of these processes X
permutation of those remaining processes)
Basedon the result compued by “Mathematica”. We find
thatwhen“n=10", thevalueof formula 1 is 88 x 107 which
is a very big nunber The compleity of this kind of BPM
is high andhasa factorialrate of growth [Bard,2001]. It is



| Businesprocessnodeltypes | Complexity |
“And_Split" and“And_Joint” model(“And-And” modelin O(n!)
figurel (a)+(c))
“And_Split” and“Or_Joint” model(“And-Or” modelin O(n - n!)

figurel (a)+(d))

“Or_split" and“And_Joint” model(“Or-And” modelin ~ O(n!)
figurel1 (b)+(c))

“Or_split” and“Or_Joint” model(“Or-Or” modelin figure 1
(b)+(d))

1

O(n - n!)

Table9: The Compleity of Differert BPM Types

impossibleto list all the possibleexeation sequeneswhen
aBPM becanessocomple. Table9 lists the compleity of
four differenttypesof BPM.

As aresult,we find the “Or-Or” mocel is the mostcom-
plex modelasit hasthe highestcomgexity. The“And-And”,
“And-Or" and “Or-And” are special casesof the “Or-Or”
modé. The“And-And” modé caseoccus whenn proesses
aretriggeredat the sametime andall thetriggered proesses
must be finished before executing the following processof
the next junction. The“And-Or’ model caseoccus whenn
processesaretriggered at the sametime and at leastone of
thetriggeredprocessess finishedat a later time point. The
“Or-And” modelis anotler specialcasewhenall triggerel
processesmust be finished before execuing the following
process of the next junction. The following resultsare also
found:

e TheOr_splitandOr_Joint have thegreatestnfluenc on
the compexity. For instance the compleity of “And-
Or” is n timeshigher than“And-And'.

e Thecompexity of thesetypesof BPMsis veryhigh, and
it is difficult to carry out all of the possibleexecution
paths.

6.2 Complexity of Combination Models

In this sectionwe try to combire someof the previousmod
els and compue the comgexity of them. They are cate-
gorisedas:

1. A mocel finishingwith an And_Joint junction
2. A mockl finishingwith anOr _Joint junction.

A mocel finishingwith anAnd.Joint junctionis considerd
first becageit enalbes possibleexecution sequencesf one
indeendentmodé. In generd the comgexity of this caseis
computedas:

II(The complexity of the model finishing with an
“And_-Joint” junction)

Modelsthat finish with an Or_Joint have mary possibleex-
ecutionresults,especiallywhen more than one Or_Joint is
combned. Thesemodkls may becone very difficult to carry

out.

A simpleexampe — the combnation of And-Or andAnd
Andmodels-is usedto describeéhecompleity. An assump-
tion hasbeenmadeto simplify this problen. We alsoremore
theassumptiorio show theextert of the compleity. Theas-
sumptionis thatall triggeredprocessesnustbe finishedbe-
fore thefinal processof eachconrectedmodel(whereasin a
real pracessmockl, an unfinisked process may "propagate”

andexecuteparallelto aprocessn thelattermocel).
Basedon this assumptionthe comgexity of this problemis:
ey (n%'k), -(m+n—k)! (formula2) ~ O(m+n)*t
As a result, formua 2 only providesthe comgexity under
theassumptionIf we relaxthe assumptionan“assumptio
term” hasto beaddel. Thentheresultis:
The previous formula

+ Those cases in which some processes

are ezecuted after the final process
It will belargerthanformula 2. Its compleity remairs in
O(n!). Theassumptiordoesnot have a big influenceon the
compexity.

As n! hasa factoial rate of growvth which is biggerthan
polynomial rates,[Garey andJohnsa, 197] alsoshowvsthat
anNP-conpleteprodem needsmore thanpolynomialtimeto
solve (i.e. it needsexponentialtime or greater) The growth
rateof n! is bigger thanthe growth rate of k™, sowe know
thatthe businesgprocessprodem s at leastan NP-compete
prodem. [Chen-Buger, 20@b] indicatesthatworkflow sys-
temsmayberequiral to hande over 300pracessebasedna
realmilitary BPM. Thepossiblesxecuion sequenesof such
alargemocel maybemorethan60! = 8.3 x 103! | if thereare
mary differert types of thejunctionin the BPM (i.e. if there
is atotal of 300proeessesndthereareb junctiors, theneach
junctionwill have appioximately60 brarches).Sothe num
berof possibleresultsmaybeenornousif we donotconsider
thedetailedsemantic®f the processes.

7 Other RelatedWork

In orderto shaw thedifferencebetweerF-BPML + FWFL and
other workflow processlanguages,the applicationof Petri
netsto workflow maragemeriivan der Aalst, 1998] is com-
paredin this section. The most significantdifferencebe-
tween‘FBPML + FWFL” andthisresearclis that“FBPML +
FWFL” hasa formal businesgprocessmoceling mechaism
which separateshe businessandthe implemertation logic.
Hencetheworkflow systemis mote flexibly reactve to ady-
namicenvironment.

A Petri net that modelsa workflow process definition is
calledWorkflow net(WF-net). Compaing theformalmetha
(FBPML + FWFL) thatwe provide, andPetrinet (WF-net),
thefollowing resultshave beenfound (the detailsof WF-net
arenot explained here,we focus only on the comparisonbe-
tweenthem):

e Becausa Petrinetis a processmodeling techniqie, it
focuseson workflow processeswvhich are designedto
hande cases(called instancesn FWFL). However, it
doesnotfocusonresouces,suchaspeope, machiresor
organizationunits, which maybe involvedin the work-
flow system. The corcept of “Role” is ingraired in
FBPML+FWFL in orderto repesentresouicesanduse
themin theBPM.

e Tasksare modded by transitionsin Petri net, whereas
in FBPML, actvities areusedto describeasks.In Petri
nets,casesare modeledby tokens,whereasin FBPML
+ FWFL, instancesreusedto describecases.

Whenm=0, this formularepresentthe compleity of the“And-
Or” model.



¢ In Petrinet,eachconditionis modeledby a “place” and
it mayrepresenapreconlition or apostcondion of the
process. In FBPML + FWFL, logical meanims of the
junctionandprecaditions in the attributesof a process
replacethe usageof “place”.

e To definea processanda BPM, FBPML + FWFL has
aformal, declaative semanticsA processdescribedn
WEF-netdoesnot have cleardefinitiors of its attributes.

o To represendifferenttokers (casesor instances)there
aretwo waysto represenandlist themin Petrinet(WF-
net): 1. Usedifferentcolorsin a high-level Petrinet'?,
2. Useinstanceso descrile them. Thelatteris thesame
in FBPML + FWFL, but instancesn FBPML+FWFL
arenot listed in the BPM. Using FWFL, they areonly
describedas instanceoccurencesinside the workflow
engine

e High-level Petrinethasatime extersionto describethe
tempoal behaior of the system.In FBPML + FWFL,
“Precedene-LinK’ is usedto indicatea tempaal con-
straintbetweertwo processedt is similar to Petrinet.

¢ High-level Petrinetprovidesahierarcly constructalled
“subnet”which canbeusedto structue large processes.
In FBPML + FWFL, ahighdevel processanbedivided
into two differenttypesof low-level sub-ppcessegde-
compaition andalternatim) representinga similar no-
tion.

e Both PetrinetandFBPML+FWFL have a “trigger” no-
tion. Thetrigger condtion is clearly definedas an at-
tributeof aprocessin FWFL. Theusemayformally de-
scribethe trigger conditian of this process.The declar
ative descriptionin FWFL makesthe trigger conditian
easyto understand.

In Petrinet(WF-net)thetriggerconeptis distinguishd
by differentsymbds andfocuseson the enable (Auto-

matic,User MessageTime)whichtriggers theprocess.

It doesnot focuson the dataor world stateconditians.
In FBPML + FWFL, trigger conditions areflexible; the
usermay defineary trigger condition aslong ashe/she
followsthelanglage.

e Junctionnotionsusedin Petrinet(WF-net)aremodelel
by ordnary transitions. Transitionsare treatedas con-
trol tasks. In FBPML + FWFL, eachjunction hasits
own formal definition. Logical meaning of And.Split
andAnd. Joint arethesamein FBPML+FWFL andPetri
net(WF-net). However, in Petrinet(WF-net)the “OR-
split” is catgyorised into “implicit OR-split” and “ex-
plicit OR-split” (the sameas“OR-join”). Although this
may provide a cleardefinition of workflow modelirg, it
makesnotationmorecompex*3. FBPML + FWFL does
not distingush this caseso thatthe modelirg languag
is easyto learnbecausét is morenatual. Usersdo not
needto remenber specificmearngs of notations.

12 Petri net extendedwith color, time and hierarchyis called
high-level Petrinet.

BThe authoralsosaysthatthereis no compellingneedto distin-
guishbetweenmplicit andexplicit OR-joins, but thereis for “OR-
split”.

e TheWF-netis designedo require thatthereareno dan-
gling tasksand/or conditions in WF-net. Every task
(transitior) and conditin (place)shoud contritute to
the processingof cases. The conceptis similar to “ir-
relevart nodes” in ourthree-level framework.

e Trigges and workflow attributes are removed when
analysingworkflow in Petrinet (WF-net). In our three-
level frameawork, we also only corsider trigger cond-
tions at the level 3 — casestudy The reasor* is the
sameasthatdescriledin [vander Aalst, 1994. In our
frameawork, in orderto actuallysimulatepossiblemodel
behaiors, somesemanticanddetailsof the processare
consideed in the analysis. This is different from Petri
net(WF-net)analysisin which all verificationandvali-
dationaredore atagraghicallevel; althoudn it hasmore
formal definitiors for verification thanours.

8 Conclusions

In this researchwe try to bridge the ggp betweerEnterprise
Modelings (EMs) and Softwae Systemsn orderto provide
suppat whereEMs areusedasa partof KM initiative. This
gap exists primarily betweenthe capaliities for gathering
andpresentinknowledge,andthe capabilityfor performing
semantic-asedautomatic manipuladion of this knowledge.
Formality needsto be introdwed to the informal or semi-
formal enterpise mockling paradign to provide precisian
andenalbe automaticsupport. A workflow systemis built to
bridge this gap andallow domainknowledgeto be checled
for consisteng and correctnessduring entergise moceling.
Thefollowing conclusios aremade:

e FBPML is ameiger of two standadisedprocessmocktl-
ing langwages:IDEF3 andPSL. The benefitof memging
the two languagesis that the former hasgraphc nota-
tion butlacksformal processconcepualisationwhereas
thelatterprovidesformal processtheorywithout ary vi-
sualisation.Although the two languagesare not equal,
their coreconcepps overlgp. Suchcoreconceps arein-
cludedin FBPML, andarecaretilly disposedothatthe
consisteng of FBPML is maintainel.

e The graphical notation usedin FBPML is intended to
male it easierfor thoseunfaniliar with predicae logic
to describemodds in the language. Although we have
not condicted extersive empilical evalugions of the
FBPML graphical langlage,it is very similarin styleto
other graphical processmodellirg languagesthat have
achieved widespreaduse. Our aim hereis to conform
to currerly acceptednoddling practices. The graph-
cal langwagein FBPML, however, translatesautonati-
cally to apredicatdogic descrigion thatsuppots botha
declaratve readirg (helpful in checkingthelogical con-
sisteny of themodd) andmultiple opeationalreadirgs
(allowing different forms of enactmehenginesto exe-
cuteaprocessnockl by interpgretingthe modeldescrip
tion). As usual,we make ourenactmenhengiresgeneic
for all forms of FBPML model so that we can freely

“Thereasoris thatit is impossibleto modelthe behaior of the
ervironment completely



changthedeclaratve descripion withoutneedng to al-
tertheenactnentengnes.

e The workflow meta-intepreteris basedon FBPML +
FWEFL. It acceptsnpu specificationsand executes the
BPM diredly. It may beimplemerted asa “personto-
process” workflow systemso that somevalidationand
excepion handlingmay be confirmed by the user This
malesit a moreusefultool for the userdueto this flex-
ibility . Most of thetime, flow is execuied autonatically.
Thuswe have aflexible way to execue a businesgpro-
cesdflow in adynanic ervironmett.

e Our three levelframevork provides a thoraugh test
which is usefulin analysinga BPM. At level 1, after
carryirg outsyntacticcritiques theapprgriatetopdogy
for acompdex BPM is mapped out. At level 2, the de-
tails of theprocessareconsideed,andfeatuesfrom this
topolagy areinferred. Becauseof this explicitnessdue
toinfererceof themodel,someimpossiblesxecttion re-
sultsareeliminatedafter perfaming semanticcritiques.
Problemsizeis therefae reduced Level 3 corrdborates
a BPM written in FBPML + FWFL with respectto a
specialdomain. Thus, thethreelevel framework is use-
ful for thesefour reasons:

1. A BPMis alwayscomgicated.

2. Detailsof processesnustbe consideedwhenexe-
cutingaprocess.

3. Errors andwarnings alsoneedto bechecledto in-
suretheaccurag of amodel.

4. A casestudyfor testinga BPM is a goad way to
simulate possibleexecttion results,and to make
a model and workflow system more accuate.
This detectssomepossiblemalfurctionsbeforethe
modelrunsonlinewhich savestime andcost.

Thisthreelevel framework is usedto analysea business
process mockl, andit doesnot have restrictionson the
languae usedto describea mockl.

e Thecomgexity of aBPM has,atleast,afactorialrateof
grownth. The progam usedto verify a process model
needsto carry out an exhaustive searchto execue of
all thepossibleenactmats of a businesgprocessmockl.
Thiswill behard. Thatis why we provide a three-level
framawork to analysea BPM in amoreorganisedway.
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