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Abstract. EnterpriseModelling (EM) methodsarewell-recognised
for their valuein describingcomple, informal domainsin an or-
ganisedstructure EM methodsareusedin practice particularlydur
ing the early stageof softwaresystemdevelopmente.g.duringthe
phaseof businesgequirementglicitation. Thebuilt model,however,
hasnotalwaysprovideddirectinputto softwaresystendevelopment.
Despitethe provision of adequatérainingto understandnduseEM
methodsjnformality is oftenseenin enterprisenodelsandpresents
a major obstacle.This paperfocuseson one type of EM methods:
businesgprocessnodelling(BPM) methodsWe adwocatethe useof
aBPM languagewithin athree-layeframevork. TheBPM language
meigestwo main and complimentarybusinessprocessrepresenta-
tions,IDEF3andPSL,to introducea FundamentaBusines$rocess
Modelling LanguaggFBPML) thatis designedor simplicity of use
andunderpinnedby rich formality thatmaybe useddirectly to sup-
port softnareandwork ow systemdevelopment.

Key-words BusinessProcessModelling, IDEF3, PSL, Work ow Man-
agement,BusinessModelling, BSDM, Formal Method, EnterpriseMod-
elling, Collaboratie (Web-basedKnowledgeManagement.

1 Intr oduction - The Gap

Enterprisemodelling (EM) methodsare well-recognisedfor their
value in organising and describinga comple, informal domain
in a more precisesemi-formalstructurethat is intendedfor more
objective understandingand analysis.Example EM methodsare
businessmodelling method, businessmodelling of IBM's BSDM
(BusinessSystemDevelopmentMethod) [13], processmodelling
method, IDEFO[18], IDEF3[17], PSL[21, RAD[19], RACDI[3],
CommonKADS CommunicationModel Language(CML)[26], or-
ganisationalmodelling, Ordit[7] Ulrich[10], capability modelling,
[22] and(Enterprise)Ontology[23], [25], [9].

Despitetheir use,EnterpriseModelshave not alwaysprovided di-
rectinput for software systemdevelopment.Obstaclesnclude the
necessaryraining requiredfor usersto learnconceptuamodelling
in generalas well asthe speci ¢ techniquesequiredfor the spe-
ci ¢ methodapplied.Genericknowvledgeacquisitiontechniquesre
alsoneededo elicit knowledgefrom the applicationdomain.One

othermain obstaclds the lack of directmappingfrom EM methods
to software systemdevelopment.SinceEM methodsare normally
describedat higher levels of abstractionwhich areindependentf
implementatiorissuesEM methodsare often usedmerelyasa de-
scription and analysistool of the applicationdomain.However, as
EM methodsoften describerequirement$rom the businessside,as
opposedo from the technicalside, the built EnterpriseModelsare
naturalcandidateso provide a“blueprint” for businessequirements
whenbuilding softwaresystems.

Figurelillustratesthe gapthatexists betweerEnterpriseModels
and commonsoftware systemsbuilt for organisationslt also pro-
posesthree possiblemeans.all of them basedon formal methods,
Quality Assuance Mappingof Data Structue and\Work ow System
to bridgethe gapby providing direct mappingsbetweenEnterprise
Modelsanddesigningandbuilding of softwaresystems.
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Figurel. Bridging GapbetweerEnterpriseModelsandSoftware Systems

Formalmethodsmaybeusedin variouswaysto facilitatecommu-
nication betweenmodellersand usersof models,e.g.to male tacit
information explicit and presentit in different(maybelesstechni-
cal and/ormorefamiliar) forms, or to provide simulationfunction-
alities to allow the readerto run through possibleuser scenarios
in a statemachine[3[20][11]. Automatic supportsuch as knowl-



edgesharingand inconsisteng checkingbetweendifferent Enter
prise Models,when a setof EM hasbeenused,may alsobe done
basedon one commonly sharedontology [3]. The automaticsup-
port helpsthe modelleranduserof the modelunderstand modelin
depth,thereforeenhancesheir ability in error detectionandmodel
re nement.As aresult,quality of the built modelsis improved. The
re nementprocesshasedon computingsupportis indicatedby the
“Quality Assurance’arraw in the gure. Anotherway to bridgethe
gapis to provide ameango transfedataandknowledgethatareheld
in theEM, particularlyin anontology to softwaresystemsThis may
be doneby mappingan ontology to ER (Entity-Relational)Model
(for RelationalDatabases)r to ClassDiagram(for Object-Oriented
Databases)r othertypesof datastructuresThisis indicatedby the
“Mapping of DataStructure™arrow.

This paperfocuseson onetype of EM method:BusinessProcess
Modelling (BPM) Method.Onedirectandolviousway to make use
of BPM methodsandto provide a directinput to software systems
is to build a work ow systemthat is basedon a businessprocess
model[§. A de nition of work ow, thatis given by the Work ow
Managemen€oalition,thatdescribedts relationshipwith abusiness
processs givenbelow:

“The automationof a businessprocess,n wholeor part,
during which documentsinformationor tasksare passedrom
oneparticipantto anotherfor action,accouing to a setof pro-
cedual rules’[8 ]

Although the abore approachseemsolvious, in practicenot all
work ow systemshave receved the full bene t from businesspro-
cessnodelling.TheBPM approachowardsbuilding awork o w sys-
temis a recentand gradualapproachover the pasttwo years.This
is differentfrom the rst generatiorwork ow systemsvhereBPM
wasnot used[12. The reasondor suchphenomenarethe lack of
training and understandingf BPM methodsand how they may be
appliedin anorganisation.The businesgprocessvhenit is usedof-
tendoesnot separatdusinessandimplementatiorogic, andhence,
the resultingwork ow systemis not e xible in reactionto the dy-
namicand volatile environmentwithin which the work o w system
operates.

Lastbut not least,while BPM methodsarenormally describedat
a higherlevel of abstractiorthatenablese xibility for implementa-
tion, they do not provide sufcient detailsof additionalinformation
that mustbe includedfor processenactmentlt is thereforebene -
cial to provide a meansthat maintainsthe e xibility of higherlevel
descriptionswhile atthe sametime providing sufcient information
anda mechanisnto carryoutwork o w[14].

This paperproposesa layered businessprocessmodelling ap-
proachthataimsto lessenthe above problems thereforenarraving
thegap.Thepaperalsodescribeshe designof FBPML (Fundamen-
tal BusinessProcessModelling Language)and how businesspro-
cessebasednit maybemappedo avisualisatiorof dynamicstates
of awork ow systemin a collaboratve enterpriseenvironment.

2 An Ontology basedThree-Layer BPM
Framework

Figure2 describes layeredbusinesgprocesanodellingframevork
which providesthe meansto allow higherlevel businesprocesses,
objectivesandpoliciesto becarriedforwardandrealisedn theactual
implementationof software (and manual)systems.The uppertwo
levelsof theframevork describebusines®perationsatahigherlevel
of abstractionthe lower level of the framework describesiow these

businessoperationsmay be implementedn a software system.In
this frameawork, designrationaleof a software systemis basedon a
compan's objectives,hencethe correspondingoftwaresystemcan
betracedbackto theinitial businessequirementsindjusti ed. Both
of theseenablethe systemto be coherentwith the overall business
aims.

Business Requirements Business Layer

Cperational Reguirements Logical Layer

Systerm Requirernents — Implementation Layer

Figure2. A Three-LayeBusines®rocesdodelling Approach

The rst layer, BusinessLayer, describesdusinessrequirements
of anorganisationprocessethatareto be carriedout by the organ-
isationandinformationusedby theseprocessednformationstored
in this layer are higherlevel descriptionghat may be written in in-
formal or semi-formaldocumentsExamplesare sourcedata les,
missionand organisationgoal statementshusinesplans,and sum-
mary and vision of businessoperations.in this layer, information
thatis consolidatedsuchasbusinesgolicies,longerlastingorgani-
sationalstructureandbusiness-leel decisionghatareusedasguide-
lines for developing businessprocessmodels,is in generalrobust
againstthangeof technologiegnd(automatedr manual)practices.

Thesecondayer, Logical Layer, expressesilogical descriptiorof
businesgrocessesThis descriptiondictatesthe conditionsand ac-
tions of businessprocesseshe relationshipshetweenthemaswell
as operationalconstraintson datathat processe®perateon. The
Logical Layer is a (semi-formal)businessprocessmodel that de-
scribeshusinessoperationdn orderedactvities. It extractsandfor-
malisesbusinessrequirementaising computerunderstandablé&n-
guageswhile leaving the correspondindginformal) sourcedataside
by sidein themodelfor referencendjusti cation of its formalrepre-
sentationlt alsointerpretsandelaborateshe abstractrequirements
describedn the Businesd_ayer into more concreteconstraintsus-
ing thedesignedanguageo provide directdesignguidelinesfor the
implementatiorof the software system.The procesamodellinglan-
guage,FBPML, that will be describedn Section4 residesin this
layer.

Theformality describedn this layer allows automaticcommuni-
cationwith the next layer, the ImplementatiorLayer Logical layer,
however, doesnot considethemechanismvhich maybeusedto en-
actthedescribedprocessesSuchissuesaredealtwith in the Imple-
mentationLayer Examplesof suchissuesarethe softwareparadigm
deployed, software and hardware systemsinvolved, integration is-
sues,and programminglanguagesused.Descriptionsin the Logi-
cal Layer may have multiple mappingsto descriptionsn the Imple-
mentationLayer. This is particularlyapplicablein a complex or an
agentarchitecturesystemwheredifferentcomponentsnay have dif-
ferentfunctionalitiesandmeanso implementthe samelogical pro-
cess.They alsoneedto collaboratewith eachotherto accomplisha
businesgprocess.

The logical layer speci esall of the process-relatedndthe core



setof data-relatedntegrity constraintsothattheimplementedsys-

tem doesnot violate ary businessor operationakonstraint.Sincea

businesprocessnaybeenactedy differentsystencomponentand

they maybecarriedoutconcurrentlythebusinesgprocessnodelpro-

videsacommonandsharablé&knowledgebasefor procescommuni-
cationduringenactmentBecause businesgprocessnodelcaptures
operationalogic andis independenof technologiesisedfor imple-

mentationjt is morerohustagainsichange®f technologies.

ThelmplementatiorLayergivesdetailedstep-by-stelgorithmic
procedure$or softwaremoduleghatimplementprocessedescribed
in the Logical Layer. Suchalgorithmicproceduresnaybedescribed
in a processmodelling languagethat is capableof describingim-
plementatiordetails,or languagesimilarto o w-controlanddata-

ow diagrams,or other applicationor systemspeci ¢ languages.
ImplementatiorLayer tendsto be technology-dependerit, may be
changedrery frequently For instanceanintroductionof a nev user
interface,software or hardware systemcomponenmay or may not
resultin a changein the logical layer, but will probably causea
modi cation of the correspondinglescriptionsin the Implementa-
tion Layer. For this reasonprocessegiven in the Implementation
Layerarevolatile anddisposableasnew technologiebecomeavail-
able. They may be easily changedwithout disturbinga business
operationin aprincipleway leaving thebusinessamore e xible and
agilesystem.

Informationthatis manipulatedy logical processess organised
in a hierarchicalfashion,i.e. a DomainOntolagy. The DomainOn-
tology givessemanticof the informationstoredandis comparable
to asubsebf classeghatmay be usedto storeoperationrelatedin-
formationin a databasdt includescommonclassegor a partof the
schemdor a“relational system”)thataresharedy differentlogical
processeso allow themto exchangeinformationundera standard-
ised businesspractice.The Ontologyis alsomappedto procedures
that are describedat the Implementatiori_ayer which allows infor-
mationto be passedetweerthetwo levels basedon the constraints
prescribedn thelogical processes.

As a procesgnay beimplementedifferentlyin differentsystem
componentsdifferentversionsof implementationsnay read,write,
updateor deletethe samedatasourcesconcurrentlyfollowing the
explicit datamanagemenpolicesde ned in the Logical Layer The
enactegrocessemayalsocommunicatevith eachotherthroughin-
formationthatis underpinnedby the DomainOntology This mech-
anismenablesa close collaborationbetweendifferent processen-
actmentsand duplicationof actionsmay be avoidedandintelligent
behaioursof the systemmaybe generated.

The overall aim of the layeredBPM framework is to provide a
principled way for businessprocessmodellingthatis e xible and
thereforerobustagainstthangesn technologythroughtime. It sepa-
ratesbusinessequirement$rom technicalissuesvhenmakingdeci-
sionsfor developingwork ow systemsThis separatiorenableshe
work ow systemto be morerobustandagile in responsdo change
of requirementsn the dynamicernvironmentthatit operatesvithin.

3 Requirementsand Designof FBPML

To provide a businesgprocesamodellinglanguagethat supportsto-
day's ever changingwork o w environmentandmeetsdiversi ed re-
quirementds not an easytask.A few designissueshave beencon-
sideredandactedupon,andarelistedbelow.

Standad: Modelling conceptghataredescribedn thenenw BPM
languageshouldmeettheir specialisedequirementsut alsoneed

to beconsistentvith the currentprocessnodellinglanguagestan-
dards.This notonly keepsFBPML compliantwith standardorac-
ticesit alsoaidscommunicatiorwith other BPM languagesind
practitionerdn the eld. In essencethis meansconceptghatare
includedin standardisegrocessmodelling languagesare main
candidatego be includedin FBPML. As a result,FBPML is an
inherited,specialisecindcombinedversionof thesestandardised
modellinglanguagesThemainlanguageshathavein uencedthe
designof FBPML are IDEF3, PIF, PSL, RAD, CommonKADS
CML andtheBusinessModelling methodof IBM's BSDM.
AccessibleThelanguageshouldbe easyto learnandusefor both
IT andbusinesgpersonnel As one of the main businessequire-
mentsfor BPMLs is to enablebusinesspersonnelto do BPM
WITHOUT IT support.[12 To achieve this, FBPML coversfun-
damentalprocessconceptghat minimise compleity introduced
by super uousnotations.lt alsointroducesannotationnotations
that are informal and not directly understandabléy machine.
Suchannotations notformally a partof the model,but may pro-
vide usefulexplanationto themodel,recordingof desigrnrationale
or simply areminderto assisthe modellingprocess.
Collaborative: An enterpriseodayis a virtual entity: it consists
of a variety of enablersthat are scatteredacrossdifferent geo-
graphicalareasSomeenablersarehumanwhereasthersareau-
tonomousagentor systemcomponentsEachenablemplaysarole
in its actiitiesandis equippedvith specialisedunctions,capabil-
ities andauthorities Thoseenablersarecharacteriseéh their ex-
pertiseandoften behae in differentwaysthatarebestsuitedfor
their tasksand ervironment.However, to achiere organisational
goals,they needto work collaboratvely to accomplishtheirtasks.
Traditionally BPM methodsdo not include or explicitly repre-
sentthe conceptof suchenablerstheir responsibilitiesauthori-
ties,how they collaboratewith eachotherandwhattheir relation-
shipsarebetweereachother Therolesthatenablerplay, therela-
tionshipsbetweerthemandinformationaboutthemarecaptured
in FBPML in theconcepbf Role

Precise:As mostof the BPM methodsareinformal methodsthey
do not provide formal semanticgor their notations.To avoid po-
tential mis-useof the modellinglanguageand mis-interpretation
of built procesanodels,thereis a needfor precisede nition for
notationsso that a modelmay be interpretedcorrectly and con-
sistently IDEF3 provides a maturemodellingmethod,graphical
notationsand soundconceptualisatiomboutprocessedhut there
is no formal semanticfor its notation.PSL, on the other hand,
doesnot have a visual presentatioror method,but providesfor-
malde nitions of its conceptsThis presents naturalopportunity
to megethetwo to gainbene tsfrom both- thisis the approach
takenby FBPML.

Executable:Semanticsthat are de ned in the BPM language
shouldinclude (or at leastimply) operationalde nitions. This
meansthe use of common processcomponentssuch as trig-
ger, pre-conditionsandpostconditionsbearprescribedexecution
mechanismsln addition, the types of executableactiities also
needto beidenti ed andto beincludedasapartof themodel.Pro-
cesanodellingmethodsareinherentlyrich in theirsemanticsThe
semanticof links betweenprocessesfor instance,are regarded
asdependenciebetweenprocessesyet they alsobeartemporal
constraints and they may also act as triggersfor the following
processeslunctionssuchasAND, OR and XOR, may be inter-
preteddifferently dependingon the usein the diagram,e.g.asa
joint or split node.In addition,if bothtriggersandpre-conditions
arede ned in a processthey may beardistinctimplicationsfor



execution.Usersof BPM needto understandguchimplicationsin
ordercreatea correctandappropriatenodel.

Formal: Formality is importantto connecta businessprocess
modelto its executionphase.ldeally, thereis a direct mapping
from semanticof a businesgprocessmodelto applicationlogic
(asdescribedn the logic layer andimplementationayer in the
previous section). This enablesthe separationbetweenprocess
andapplicationlogic, yet maintainsdeclaratie designof awork-
o w system.This implies modi cations madeat the logic layer
automaticallyupdateprocesseattheimplementatiodayer If ary
inconsisteng occurs,the systemwill give warningto the user
Theformalapproacthasseveraladwantagesautomatic/intelligent
analysisyveri cation, validation,andsimulationfacilities may be
supportedat the businesslayer[5[4]; once a businessprocess
modelis satishctorystable it mayautomaticallypopulatea large
partof processeattheimplementatiorayer

4 A Declarative ExecutableFBPML - The
Semantics

4.1 Activity, Decompositionand Specialisation

As mentionedn the previous section,FBPML shouldconformwith
standardoractice IDEF3, beinga matureactivity modellingmethod
that largely meetsour requirements provides the foundation for
FBPML. IDEF3[17] de nesthe conceptof decompositiorand spe-
cialisation of a processthat FBPML also encompassesSimilar to
IDEF3, the conceptof decompositiorin FBPML allows a process
describeditahigherlevel of abstractiorio bedecomposedto more
detailedsub-processethat are moreexplicit for its implementation
proceduresEach sub-processnay also be decomposednto more
detaileddescriptionsThe specialisationof a processndicatesthe
alternatve waysof carryingoutaprocess.

Althoughtheremaybe morethanonealternatve way of carrying
outatask;unlike decompositionvhereall of the sub-processasust
becarriedoutin orderto accomplistthetask,specialisatiorrequires
only onealternatve sub-proces$o be carriedout to accomplishthe
task.However, if onealternatve activity doesnot nish thetaskdue
to somecircumstancesanotheralternatve activity may collaborate
with the currentoneto accomplishthe task. The detailedmecha-
nismabouthow differentalternatve processemaywork togetherin
a coherentway in all eventualitiesrequiresa thoroughexamination
of implementatiormethods Sincethis is implementatiordependent
andoutsidethe scopeof this paperit is notdiscussedhere.

4.2 Notation

Figure3 depictsthe notationof FBPML asit is shavn usingKBST-
EM (Knowledge Based Support Tool for EnterpriseModels)[3.
Thereare threetypes of nodes:the Main Node Junction and An-
notation Fourtypesof Main Nodesareincluded:Activity, Primitive
Activity, RoleandTimePoint. Two typesof Annotationsareincluded:
theldeaNoteandNavigationNote Two typesof links areprovided:
the precedence-linndsyndironisation-bar Therearefour typesof
Junctions and or, startand nish.

Main Nodes: As mentionedearlier an activity nodedenoteshe
type of processthat may be decomposedr specialisednto sub-
processesln addition,the notion of Primitive Activity (from PSL)
hasbeenintroducedto denotea leaf nodeactivity that may not be
further decomposedr specialised Primitive actiity is useful to
FBPML, asit highlights the connectingpoint betweenthe higher

Annotation:
or
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Primitive

Aptivity fAv———

HP-ID HP-ID

Aevivity A

Precedence-1ink—m
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¢ Svnochronisation Bar—4

E-c 4-d

Figure3. FBPML Notation

level procesglescriptionandlower level implementatiordetailsthat
aredescribedn thelogical andimplementationayers,respectiely.

Although someprocessnodellingmethodsdistinguishtermsbe-
tweenprocessactiity andtask,asoneis a higherlevel description
of anotherlike IDEF3 andPSL FBPML doesnot make the distinc-
tion. Sincea procesamay be furtherdecomposedr specialisednto
sub-processethat may be againfurther decomposedr specialised,
aprocessatonelevelis anactiity toits “parent”’processAs aresult,
thesetermsareusedinterchangeablyn this document.

In FBPML, anactivity is uniquelyidenti ed by its name(or ID)*.
However, sinceFBPML (aswell asIDEF3) permitsthe sameactiv-
ity to be repeatedn differentplacesin a processmode] that nor-
mally exhibits differentrelationshipsbetweenitself to otheractii-
ties, the sameactvity may be enactedlifferentlyin a modelin dif-
ferentplacesFurthermoresinceanactivity maybeadecomposition
or aspecialisatiorof its parentactity, this addsextra meaningsie-
pendingon thetypeof sub-actvity thatit describes.

The semanticsof an activity to a modelis, therefore,de ned
togetherby its locationin the model, its usage in the modelandthe
contentde ned within itself,i.e.theTrigger(s), Pre-condition(sjand
Action(s) Post-condition(s)is often de ned as a part of a process
andrecordedin our model asit gives explicit checkingpoints on
successfulexecution of a process.However, sinceit is derivable
from pre-conditionsandactionsof a processyve do notincludeit in
our formal representationin FBPML, the locationof an actvity is
recordedn the eld Hierarchical Position(HP). Thereforethetuple

de nes an actwity (type)in a modelusing FBPML, whereeach
HP is uniqueandtheremay be morethanonetrigger, pre-condition
andaction.To denotetherelevanceto anduniqguenesi amodel,an
activity is formally representeds:

actiity(Activity_name HierarchicalPosition)

where Activity_nameis the nameof the actvity and Hierarchi-
calPositionits locationin the model.If A is a primitive activity in
the model, the above predicatename,actiity, is changedo primi-
tive_activity. Sincethis paperonly discussesemanticof notations
but not their semanticsn a model, for simplicity, this sectionas-
sumesall actiities areuniquelyusedin our examplesandtherefore

For pragmatiaeasonsanactiity ID is createdor eachactvity to provide
a shorthandidentity for an actvity. Eachactvity nameuniquelymapsto
anactvity ID andvice versalogically, we donotrepresenit, sinceit does
notaddadditionalsemantics.



usesActivity_nameinsteadof the above predicatesactivity/2, when
referringto anactity.

The predicateattribute(Actuity, Attribute.name,Attribute value)
holds the speci cation for an Activity type where Attribute name
storeghecorrespondingttributename suchastrigger, precondition
andaction,andAttribute valuestoresthe attribute valuethatmay be
astructuredermor templatewith variablesusingspeci c grammar
Variablesthatareincludedin the Attribute.valuewill beinstantiated
dynamicallyby (processor object)instancesatruntime 2

The conceptof Role is adaptedfrom RAD wherea Roleis de-
scribedasinvolving asetof activitieswhich carryoutasetof respon-
sibilities. Suchactuities are“generallycarriedout by anindividual
or group within the organisation”.Rolesare alsotypesand “there
canbeanumberof differentinstance®f arole typeactive atary one
time within an organisation”[19. In FBPML, the de nition of Role
is functionalandasdescribedabore, it de nesthe“role” thatanen-
ablerplaysin the contet of the describedactivities. Upon process
enactmentarole maybeful lled by anindividual, a groupof peo-
ple or softwarecomponentspr a combinationof the above. Similar
to RAD, althoughdifferentgraphicalpresentatiorand processcon-
ceptsare used,FBPML highlightsinteractionsbetweenroles: each

role may have its own internalaswell ascommunicatiorprocesses.

Thecommunicatiorprocesseallow explicit de nition of interaction
methodsand boundaryof communicatiorwithin processesf each
role. Tasksandissuesnay be delegated,escalatedr transferecoe-
tweenrolesasa partof communicatiorprocesses.

Thenotationof timepointindicatesa particularpointin time dur
ing the enactmenof a processmodel. The referenceof time point
may be decidedby theimplementatiormethodof the model. A du-
ration of atime intenal is indicatedby two time points.A lengthof
time may not have associatiorwith ary particularpoint of time.

Annotations: Two typesof annotationsareincluded:Idea Note
recordstextual informationthatis relevantto, but outsidethe scope
of, a procesanodel,e.g.designrationaleor a reminderfor analysis
for certainpartsof a model; NavigationNote recordsthe relation-
shipsbetweerdiagramsn a model.In generalannotatiomodesdo
not contritute semanticallyto a processnodel,but they helpthe or-
ganisatiormndmanagementf the modellingprocess.

Links: Two typesof links areincluded:Precedence-linendSyn-
chronisationBar. Precedence-links comparableto the more con-
strainedPrecedencéink, typell, in IDEF3. In FBPML, the spec-
i cation that Activity A is precedecby Activity B is denotedby
a Precedence-linkrom Activity A to B asshavn in Figure 3. A
Precedence-liniplacesa temporalconstrainton processexecution
thatthe executionof Activity B may NOT startbeforethe execution
of Activity A is nished whenthetwo processeareonthesamesxe-
cutionpath.Figure4 illustratesthe concepof pathandtheexecution
of processes|1®

In Figure 4, “Top Process”transformsfrom state So to Sn. It
is also a parentprocessthat may be decomposecr specialised
into sub-processesOne way to propagatefrom state So to Sn
thenis to activate the appropriatesub-processeand executethem
alongthe statepath by actiating the
processsequence (whereseveral processinstancesnay execute
synchronisedor not to transfer from one stateto another).We
denotean executionof procesdnstanceslonga statepath in the
predicateactivation/2:

A separat@redicatds usedto storeprocessnstanceattributes.
This Figureis adaptedrom [15].

Top Process *»@

State Path: P =<So, S1, S2, S3,... Sn>
Execution Path: F ={f1, f2, f3,.... f }1

Figure4. ExecutionPathfor Processes

Giventhe executionpath,one canformally specifythe temporal
constrainbetweeractivity A andB in theformulabelow:

Axiom 1: TemporalConstraint

A Precedence-Linksuggestsnatural process ow which is if
Activity A is executed,Activity B shouldalso be executedalong
the correspondingexecution path unlessother conditionsinteract
with it. Weuse to representhis natureof wealer inferencethatis
pronouncedasshouldbe or maybe This de nition givesa process
modelmore e xibility andis slightly differentfrom Precedence-Link
Typell in IDEF3 wherestronginferenceis prescribedThis rule is
describedormally belaw:

Axiom 2: Dependeng Constraint

A Precedence-Linklsoindicatesthat the completionof activity
A invokesActivity B to be activated.We introducea propertyTem-
poral Quali cation (TQ) to denotethat Activity B is temporally
quali ed to be executed. Tempoal Quali cation, however, doesnot
guarantedahe execution of an actiity becauset also dependson
the contentof trigger andpre-conditionsof thatactiity. We usethe
predicatetq(InstanceProcess)o indicatethis propertyandend/2to
indicatethatthe executionof a processnstancds nished.



Axiom 3: Propertyof TemporalQuali cation

The propertyof TQis importantasit implies executionlogic of a
processmodelthat separateshe notationbetweenthe executionof
processnstancesandthosethat areonly temporallyquali ed to be
executedWe introducea separat@ropertyFull Quali cation (FQ)
to de ne thata procesds Fully Quali ed, if it is Tempoally Qual-
i ed andthatall of its triggersand pre-conditionsare satis ed. A
fully quali ed procesdnstancemay be executedimmediately Due
to spacewe do not describethe formalismhere.The propertiesof
TQ andFQ provide exactsemanticdor the executionlogic thatde-
terminesthe dynamicbehaioursof a processnodelatruntime.

Theabove precisede nition of FBPML links signi es how it dif-
fers from most other businessprocessmodelling languagesSince
mostbusinesgprocesanodelling languagegocus on the speci ca-
tion ability of a processtheactualimplementatiorstepsof aprocess
areleft outandareopento interpretatiorfor systemdeveloperse.g.
IDEF3, IDEFO, PSL, BusinessProcesdVodel in BSDM. Sincethe
implementatiorconsiderationsiave not beenprovided by the orig-
inal model,it leavesa questionof whetherthe implementedsystem
obeys the intendeddesignof the systemand/orwhetherthe imple-
mentatiorhasbeencarriedoutconsistentlywith respectothemodel.
Sincesuchprocessxecutionrationalehasnot beenrecordedat the

rst place,suchquestionsaredif cult to evaluate*

Besidesproviding preciseexecutionlogic andinstructionsto the
implementedvork ow system the abore precisesemanticsallows
both static as well as dynamic (state)Veri cation, Validation and
Critiquing (VVC) facilitiesonthebusinesgprocessnodel.Thestatic
VVC techniquesncludeerrorandappropriatenessheckingandcri-
tiquing basedon the examinationand comparisorof differentparts
of the static structureof a businessprocessmodel without the ac-
tual instantiationof themodel. ThedynamicVVC involvestestruns
of interestingscenarioghroughthe modelin an attemptto under
standsystembehaiours at run time. Similar techniqueshave been
appliedandimplementedn KBSTBM[2] for IBM' s businessnodel
in BSDM.

As anactiity maybedecomposethto severalsub-processethe
activation of atop processmay be accomplishedy activation of its
sub-processesn this case,the executionof the top processs not

nished unlessall of the correspondingub-processeare nished.
Again,we do notdescribeheformalismhere.

The secondtype of link is Syntironisation Bar. A Synchroni-
sation Bar placesa temporalconstraintbetweentwo time points.
For example,one may synchronisehe startingor nishing of two
processedy synchronisingthe “begin times” or “end times” of
the two processesThe Synchronisatiorbetweentwo time pointsis
thereforede ned below:

Junctions: Junctionsare specialor simpli ed actvities, in that

Thisis arecurreniproblemthattheauthorshave to dealwith in oneof their
commerciabusinesprocessnodellingprojectsandtheirresearclprojects.

they do not have triggersandpre-conditionsandtheir actionshave
predeterminediecisionlogic for starting,endingor branchingpro-
cessexecution. Four types of Junctionsare includedin FBPML:
start, nish, and,andor junctions.

The“start” and“ nish” junctionsprovide anexplicit indicationof
thelogical startingand nishing pointsof a processThey may also
isolatea partof aprocesghatcanbetreatedocally asasub-process.
Thesetwo junctionsprovide a clearindicationfor theentryandleav-
ing pointsfor the readerandwhenexecutinga processlt provides
a naturaldecompositiorfor testinga processand a convenientin-
dicationfor breakinga long complicatedprocessvhendeveloping
work o w systemausinga divide-and-conquestratay.

An “and” or “or” junctionis a one-to-manyrelationshipthat de-
scribesprocessexecution o w andtemporalconstraintoetweerthe
actiities thatare connectingto it. Figure5 shavs how an“and” or
“or” junctionmay be usedin a processanodel.As shawvn in the g-
ure, therearetwo typesof interpretationsf an“and” or “or” junc-
tion: thejoint or split type of junction,dependingn thetopologyof
theprocessnodel.

{c] And Split {d) OR Split

Figure5. FBPML JointandSplit Junctions

An and- or or-joint indicatesmore than one precedingactivity
beforethe “and” or “or” junction, and only one actiity following
thejunction. Figure5(a) and(b) give examplegraphicalrepresenta-
tionsof anand-andor-joint whereeachjunctionis attachedo three
in-comingarronvs andonly oneout-goingarrow. A joint typeof junc-
tion is sometimeslsoreferredto asa fan-in junctionin somepro-
cessmodelling languagesSemantically an and-jointindicatesthe
processexecution o w and the temporalconstraintthat all of the
precedingactvities mustbe nished beforethe following actvity is
temporallyquali ed andthereforebe executed An or-joint indicates
only oneof the precedingactivities is requiredto be nished before
thefollowing activity becomedemporallyquali ed andexecuted.

An and- or or-split indicatesthat thereis only one actvity pre-
cedingthejunction, but thereis morethanoneactvity following the
junction. Figures5(c) and (d) illustrate exampleand-and or-splits.
A splitjunctionis sometimeslsoreferredto asafan-outjunctionin
someprocessnodellinglanguagesSemanticallya split junctionin-
dicatesprocesso w, temporalaswell asdependencconstraintsAn
and-or or-split indicatesthat all of the following actvities become
tempoelly quali ed whentheprecedingactivity is nished. Further
more, an and-splitalsoindicatesthat all of the following activities
mustbe executedat somepoint of time aftertheprecedingactuity is
nished.

Ontheotherhand,anor-splitindicateshatat leastoneof thefol-
lowing activities of the“or” junctionwill betriggeredandexecuted



whenthe precedingactiity is nished. It is, however, unclearhow

mary or which of the following actwities will betriggeredandexe-

cuted,sinceit dependsiponthe correspondinglynamicsystemnstate
andthe trigger and pre-conditionstatement®f the following activ-

ities. For both of the and-and or-split, all of the actvities thatare
describedafter the junction may be executedin parallelor sequen-
tially, whenappropriateTheprecedence-linendthejunctiondo not

specifytheexactsynchronisatiotetweertheseactities. Suchsyn-

chronisationis speci ed by SynéronisationBars.

4.3 Combinational Useof Branching Junctions

Figure6 demonstratethefour commoncombinationalisesof “And”
and“Or” junctions.The four basiccasesof combinationsaregiven
in theFigure(a), (b), (c) and(d) accordinglyandlisted below: And-
And, Or-Or, And-Or, Or-And.

i — E\\“I—»mo[
e

(2) AND-IND Junction

(2] MND-OR Junction

Figure6. FBPML JunctionsCoupled

(d) OR-AND Junction

Accordingto thede nitions givenfor “And” and“Or” junctionsin
theprevioussectiontheand-anccombinatiorde nesthatactity B,
C andD mustexecuteat somepoint of time afterbut only afterac-
tivity A is nished, andthatactiity E maynot startexecutionbefore
B, C andD have nished.

Theor-or combinationpnthe otherhand,givesa moreloosecon-
straintin that, similarly to and-andcombination,actiity B, C or D
may only startexecutionafteractvity A is nished. However, it may
notbethecasethatall of B, C andD areexecuted it depend®nthe
systemdynamicsandexecutionrequirement®f B, C andD. Never
thelesssinceanor-split hasbeenusedhere,atlastoneof B, C or D
mustbeexecuted Wheneitheractiity B, C or D is nished, actiity
E may startits execution.The and-andand or-or combinationsare
demonstrateth Figures6(a)and(b), respeciiely.

Similarly, in Figure6(c), the and-orjunctionindicatesthatactii-
tiesB, C andD may starttheir executionafteractiity A is nished,
andactiity E may startexecutionassoonasoneof actvities B, C
or D is nished. Whatis differentcomparedo Figure 6(b) is that
actiities B, C andD mustall be executedat somepoint of time due
to theand-split.

Figure6(d)indicateghatat leastoneof theactvity B, C or D may
be triggeredandstartexecutionafteractiity A is nished. Activity
E maynot startits executionunlessall of thetriggeredactiities, i.e.
a combinationsof B, C andD, are nished. Note that sincean or-
split hasbeenusedearlierin the processmodel, it may not be the
casethatall activities B, C andD aretriggered.Neverthelessall of
the triggeredactiities mustbe nished beforeactvity E may start
its execution.

4.4 Discussion

As it hasbeendescribed,an “And” or “Or” junction indicatesa
temporalconstraintbetweenthe executionof connectecprocesses.
Furthermorethey alsoindicatethe “execution”constraintghathave
beenputin the procesdogic. For instancean “and-split” indicates
thatall of the following actwities mustbe executedwhenthe pre-
cedingactvity is nished. However, the modelmay not specifythat
all of the actiities mustbe nished beforethe “next wave of actii-
ties” arestarted Onesuchexampleis givenin Figure6c, the caseof
and-orjunction.Activities B, C andD maystartexecutionin parallel
but asynchronouslgndmay nish their executionat differenttimes.
Activity E may startexecution,assoonasoneof them nishes exe-
cution. This meanghatactivity E andactuities following it may be
executingalongsidetheun- nishedactvity B, C or D. Furthermore,
it is possiblethatall of thefollowing actiities afterE are nished be-
fore actvity B, C or D are nished. Thismayleadto anun-desirable
resultin thesystem.

Theprocessnodeldescribedn Figure6c, hawever, is correctand
appropriatavhendescribinga situationwherethestartandexecution
of actiity E is nottemporallyandsemanticallypoundby actiity B,
C andD. However, whenthereis sucha constrainiat a later stageof
theprocesghatrequireshe nishing of thecorrespondingctivity B,
Cor D, alimitation maybedescribedn thetriggersor pre-conditions
of otherfollowing actuities in themodel.

Oneway to control andavoid “left-over” processes$ingeringin-
de nitely in the systemis to de ne a processthatis not nished
until all of its (“left-over”) sub-processeare nished. Under this
de nition, the higherlevel processis not nished unlessall of its
sub-processesre nished. Thisis whathasbeende nedin FBPML.
Anotherway to control this is to provide a checking,alarmingand
repairingmechanisnthatwill betriggeredwhenprocessearefound
lingeringlongerthana pre-determinegeriodof time.

4.5 Demonstrating Dynamic Behaviours in Process
Panels

As a partof the AKT project[6],for AKT-TIE®, we have developed
a small PC con guration businessprocessmodel that acceptscus-
tomerenquiresandreturnswith possiblepc-con gurationspeci ca-

tion. A snapshotof the businessprocesamodelfor the role “Edin-

burgh” is givenin Figure7 asit is shavn in our supporttool KBSTF

EM. This modelhasbeensuccessfullytranslatecanddisplayedin a

work o w steppingsystem]-X Procesdanel Uponinstantiationjn-

stance®f processeappeamndaremanagedn I-X systens process
panel$24][16].

Figure7. PCCon gurationBusinessProcesdVodel

AKT-TIE is a partof the AKT projectcollaboratingwith PeterGray and
Kit Hui, ComputerScienceDepartmentAberdeerUniversity UK.



Figure 8. View of I-X SystemProces$anel

Figure 8 demonstrateshon the instantiation of each process
presentsan entry in the I-X processpanel.Eachentry consistsof
two componentsthe nameof the processandvariablesthe process
takes. The parentprocessof processegivenin Figure 7, “Perform
Top Level Procesdor PC Con guration”, is shavn at the top row
andin bold facewhich is decomposedhto sub-processeasthose
describedn Figure?.

In I-X, for eachprocessinstance,several actionsmay be per
formed uponthem and the executionstatusof eachinstanceis re-
ected by differentcolours.In I-X, all processnstancesnay be ex-
ecuted(done),cancelled(Not Applicable),waiting to be processed
(No Action (yet)), or decomposednto sub-processeExpansion).
Communicatiorprocesse# our model may also dispatchtasksto
otherappropriatéroles” asde ned in their processesBranchingof
processess controlledby theavailability of actionsthatmaybeper
formed on the instancesFor instance,in Figure7 all processesn
thesecondcolumnof themodelthatareaftertheor-split maybeexe-
cutedin parallel,but this operationis only availableafterthe“Obtain
Requirementfor PCcon guration” processompletedts execution.

It hasbecomeapparentthat it is not an easytaskto provide a
declaratve BPML thatprovidesdirectsupportfor building andexe-
cutingwork ow systemsandthatmoreissuesareto beinvestigated
and resoled. Typical action typesshould be provided by the lan-
guagesso that ary modelshuilt usingthe languagebene t directly
fromit, while atthesametime oneneeddo allow e xibility andease
for addition or modi cation on existing actiontypes.To safgyuard
againstinconsistencieat the modellinglanguagdevel is to provide
someform of (automatic)inconsisteng checkingon static models
and dynamicernvironments.Upon executinga processmodel, it is
alsovital thatstaticprocessearepravided but the work o w system
mustbe ableto allow the usersto dynamicallymodify or add new
processesAgain, this will have to be donewithin a predetermined
safetylevel.

5 Conclusion

EnterpriseModelsneedto bridgethe gapto software systemdevel-
opmentandexecution,but additionalmechanismsreneededothat
informationthatis heldwithin themmaybetransferrecandmapped
onto softwareexecution.To bridgethis gap,hawever, is nota minor
task. Diverseandoften con icting requirementsre needto be ad-
dressedln addition,formality needdo beintroducedo theinformal
or semi-formalenterprisemodelling paradigmto provide precision
andenableautomaticsupport Whendomainknowledgeis usedasa
partof softwaresystemdevelopmentandexecution,it is alsoneeded

to ensurethatit hasbeenchecled for consisteng andappropriate-
nessduring the phaseof enterprisenodelling. This paperproposed
adeclaratve modellingapproachin anattemptto bridgethe gapbe-
tweenbusinessprocessmodelling methodsto (work ow) software
systems.

Basedonthis approachaninitially static,highlevel businesspro-
cessspeci cation may be representedormally and automatically
Basedon the formalism, automaticveri cation, validation and cri-
tiquing may thereforebe provided asa partof normalmodellingac-
tivities. Furthermorethe modelling notationbearsexact execution
instructionsthatmay be mappedo software modulesthatare com-
ponentf awork ow system.This givesthe prospecif rapid pro-
totypingandtestingof awork o w systenthatis basednthemodel.
Thisbene twill notbepossiblewithout providing executionseman-
ticsin amodel.

It will be adwantageoushat more similar work as reportedin
this paperis carried out for all EnterpriseModels to narrav the
gap which currently exists at various placesbetweenEM methods
and software systemdevelopment.When this is done, the set of
Enterprise Models together may provide a holistic and clearer
view as well as more direct instructions, particularly from the
businessprganisationalknowledge,informationandprocessoints
of view, to assistheprocesof softwaresystemdevelopmentor the
organisation.
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