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Abstract. EnterpriseModelling(EM) methodsarewell-recognised
for their value in describingcomplex, informal domainsin an or-
ganisedstructure.EM methodsareusedin practice,particularlydur-
ing theearlystagesof softwaresystemdevelopment,e.g.duringthe
phaseof businessrequirementselicitation.Thebuilt model,however,
hasnotalwaysprovideddirectinputto softwaresystemdevelopment.
Despitetheprovisionof adequatetrainingto understandanduseEM
methods,informality is oftenseenin enterprisemodelsandpresents
a major obstacle.This paperfocuseson one type of EM methods:
businessprocessmodelling(BPM) methods.We advocatetheuseof
aBPM languagewithin athree-layerframework.TheBPM language
mergestwo main and complimentarybusinessprocessrepresenta-
tions,IDEF3andPSL,to introduceaFundamentalBusinessProcess
ModellingLanguage(FBPML) thatis designedfor simplicity of use
andunder-pinnedby rich formality thatmaybeuseddirectly to sup-
port softwareandwork�o w systemdevelopment.

Key-words BusinessProcessModelling, IDEF3, PSL, Work�o w Man-
agement,BusinessModelling, BSDM, Formal Method, EnterpriseMod-
elling, Collaborative (Web-based)KnowledgeManagement.

1 Intr oduction - The Gap

Enterprisemodelling (EM) methodsare well-recognisedfor their
value in organising and describinga complex, 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, IDEF0[18], IDEF3[17], PSL[21], RAD[19], RACD[3],
CommonKADSCommunicationModel Language(CML)[26], or-
ganisationalmodelling, Ordit[7] Ulrich[10], capability modelling,
[22] and(Enterprise)Ontology[23], [25], [9].

Despitetheiruse,EnterpriseModelshave notalwaysprovideddi-
rect input for software systemdevelopment.Obstaclesinclude the
necessarytraining requiredfor usersto learnconceptualmodelling
in generalas well as the speci�c techniquesrequiredfor the spe-
ci�c methodapplied.Genericknowledgeacquisitiontechniquesare
alsoneededto elicit knowledgefrom the applicationdomain.One

othermainobstacleis thelack of directmappingfrom EM methods
to software systemdevelopment.SinceEM methodsare normally
describedat higher levels of abstractionwhich are independentof
implementationissues,EM methodsareoftenusedmerelyasa de-
scriptionandanalysistool of the applicationdomain.However, as
EM methodsoftendescriberequirementsfrom thebusinessside,as
opposedto from the technicalside,the built EnterpriseModelsare
naturalcandidatesto providea“blueprint” for businessrequirements
whenbuilding softwaresystems.

Figure1 illustratesthegapthatexistsbetweenEnterpriseModels
and commonsoftware systemsbuilt for organisations.It also pro-
posesthreepossiblemeans,all of thembasedon formal methods,
QualityAssurance, Mappingof DataStructureandWork�ow System,
to bridgethe gapby providing direct mappingsbetweenEnterprise
Modelsanddesigningandbuilding of softwaresystems.

Figure 1. BridgingGapbetweenEnterpriseModelsandSoftwareSystems

Formalmethodsmaybeusedin variouswaysto facilitatecommu-
nicationbetweenmodellersandusersof models,e.g.to make tacit
informationexplicit andpresentit in different (maybelesstechni-
cal and/ormorefamiliar) forms,or to provide simulationfunction-
alities to allow the readerto run through possibleuser scenarios
in a statemachine[2][20][11]. Automatic supportsuch as knowl-



edgesharingand inconsistency checkingbetweendifferent Enter-
priseModels,whena setof EM hasbeenused,may alsobe done
basedon one commonlysharedontology [3]. The automaticsup-
porthelpsthemodelleranduserof themodelunderstanda modelin
depth,thereforeenhancestheir ability in error detectionandmodel
re�nement.As a result,quality of thebuilt modelsis improved.The
re�nementprocessbasedon computingsupportis indicatedby the
“Quality Assurance”arrow in the �gure. Anotherway to bridgethe
gapis to provideameansto transferdataandknowledgethatareheld
in theEM, particularlyin anontology, to softwaresystems.Thismay
be doneby mappingan ontology to ER (Entity-Relational)Model
(for RelationalDatabases)or to ClassDiagram(for Object-Oriented
Databases)or othertypesof datastructures.This is indicatedby the
“Mapping of DataStructure”arrow.

This paperfocuseson onetypeof EM method:BusinessProcess
Modelling (BPM) Method.Onedirectandobviousway to make use
of BPM methodsandto provide a direct input to softwaresystems
is to build a work�o w systemthat is basedon a businessprocess
model[8]. A de�nition of work�o w, that is given by the Work�o w
ManagementCoalition,thatdescribesits relationshipwith abusiness
processis givenbelow:

“The automationof a businessprocess,in wholeor part,
during which documents,informationor tasksare passedfrom
oneparticipantto anotherfor action,according to a setof pro-
cedural rules.”[8 ]

Although the above approachseemsobvious, in practicenot all
work�o w systemshave received the full bene�t from businesspro-
cessmodelling.TheBPM approachtowardsbuildingawork�o w sys-
tem is a recentandgradualapproachover the pasttwo years.This
is differentfrom the �rst generationwork�o w systemswhereBPM
wasnot used[12]. The reasonsfor suchphenomenaarethe lack of
training andunderstandingof BPM methodsandhow they may be
appliedin anorganisation.Thebusinessprocesswhenit is usedof-
tendoesnot separatebusinessandimplementationlogic, andhence,
the resultingwork�o w systemis not �e xible in reactionto the dy-
namicandvolatile environmentwithin which the work�o w system
operates.

Lastbut not least,while BPM methodsarenormallydescribedat
a higherlevel of abstractionthatenables�e xibility for implementa-
tion, they do not provide suf�cient detailsof additionalinformation
that mustbe includedfor processenactment.It is thereforebene�-
cial to provide a meansthatmaintainsthe �e xibility of higherlevel
descriptions,while at thesametimeproviding suf�cient information
andamechanismto carryout work�o w[14].

This paperproposesa layeredbusinessprocessmodelling ap-
proachthataimsto lessentheabove problems,thereforenarrowing
thegap.Thepaperalsodescribesthedesignof FBPML (Fundamen-
tal BusinessProcessModelling Language)and how businesspro-
cessesbasedonit maybemappedto avisualisationof dynamicstates
of a work�o w systemin a collaborative enterpriseenvironment.

2 An Ontology basedThr ee-Layer BPM
Framework

Figure2 describesa layeredbusinessprocessmodellingframework
which providesthe meansto allow higherlevel businessprocesses,
objectivesandpoliciesto becarriedforwardandrealisedin theactual
implementationof software (andmanual)systems.The uppertwo
levelsof theframework describebusinessoperationsatahigherlevel
of abstraction;thelower level of theframework describeshow these

businessoperationsmay be implementedin a software system.In
this framework, designrationaleof a softwaresystemis basedon a
company's objectives,hencethecorrespondingsoftwaresystemcan
betracedbackto theinitial businessrequirementsandjusti�ed. Both
of theseenablethe systemto be coherentwith the overall business
aims.

Figure 2. A Three-LayerBusinessProcessModelling Approach

The �rst layer, BusinessLayer, describesbusinessrequirements
of anorganisation,processesthatareto becarriedout by theorgan-
isationandinformationusedby theseprocesses.Informationstored
in this layerarehigherlevel descriptionsthat maybe written in in-
formal or semi-formaldocuments.Examplesare sourcedata�les,
missionandorganisationgoalstatements,businessplans,andsum-
mary and vision of businessoperations.In this layer, information
that is consolidated,suchasbusinesspolicies,longerlastingorgani-
sationalstructureandbusiness-level decisionsthatareusedasguide-
lines for developing businessprocessmodels,is in generalrobust
againstchangeof technologiesand(automatedor manual)practices.

Thesecondlayer, LogicalLayer, expressesalogicaldescriptionof
businessprocesses.This descriptiondictatesthe conditionsandac-
tions of businessprocesses,the relationshipsbetweenthemaswell
as operationalconstraintson data that processesoperateon. The
Logical Layer is a (semi-formal)businessprocessmodel that de-
scribesbusinessoperationsin orderedactivities. It extractsandfor-
malisesbusinessrequirementsusingcomputerunderstandablelan-
guages,while leaving thecorresponding(informal) sourcedataside
bysidein themodelfor referenceandjusti�cation of its formalrepre-
sentation.It alsointerpretsandelaboratestheabstractrequirements
describedin the BusinessLayer into moreconcreteconstraintsus-
ing thedesignedlanguageto provide directdesignguidelinesfor the
implementationof thesoftwaresystem.Theprocessmodellinglan-
guage,FBPML, that will be describedin Section4 residesin this
layer.

Theformality describedin this layerallows automaticcommuni-
cationwith thenext layer, the ImplementationLayer. Logical layer,
however, doesnotconsiderthemechanismwhichmaybeusedto en-
actthedescribedprocesses.Suchissuesaredealtwith in theImple-
mentationLayer. Examplesof suchissuesarethesoftwareparadigm
deployed, software and hardware systemsinvolved, integration is-
sues,and programminglanguagesused.Descriptionsin the Logi-
cal Layermayhave multiple mappingsto descriptionsin theImple-
mentationLayer. This is particularlyapplicablein a complex or an
agentarchitecturesystemwheredifferentcomponentsmayhave dif-
ferentfunctionalitiesandmeansto implementthesamelogical pro-
cess.They alsoneedto collaboratewith eachotherto accomplisha
businessprocess.

The logical layer speci�esall of the process-relatedandthecore



setof data-relatedintegrity constraintsso that theimplementedsys-
temdoesnot violateany businessor operationalconstraint.Sincea
businessprocessmaybeenactedbydifferentsystemcomponentsand
they maybecarriedoutconcurrently, thebusinessprocessmodelpro-
videsacommonandsharableknowledgebasefor processcommuni-
cationduringenactment.Becauseabusinessprocessmodelcaptures
operationallogic andis independentof technologiesusedfor imple-
mentation,it is morerobustagainstchangesof technologies.

TheImplementationLayergivesdetailedstep-by-stepalgorithmic
proceduresfor softwaremodulesthatimplementprocessesdescribed
in theLogicalLayer. Suchalgorithmicproceduresmaybedescribed
in a processmodelling languagethat is capableof describingim-
plementationdetails,or languagessimilar to �o w-control anddata-
�o w diagrams,or other applicationor systemspeci�c languages.
ImplementationLayer tendsto be technology-dependent,it may be
changedvery frequently. For instance,anintroductionof a new user
interface,softwareor hardwaresystemcomponentmay or may not
result in a changein the logical layer, but will probablycausea
modi�cation of the correspondingdescriptionsin the Implementa-
tion Layer. For this reason,processesgiven in the Implementation
Layerarevolatileanddisposable,asnew technologiesbecomeavail-
able.They may be easily changedwithout disturbinga business's
operationin aprincipleway leaving thebusinessamore�e xible and
agilesystem.

Informationthat is manipulatedby logical processesis organised
in a hierarchicalfashion,i.e. a DomainOntology. TheDomainOn-
tology givessemanticsof the informationstoredandis comparable
to a subsetof classesthatmaybeusedto storeoperationrelatedin-
formationin a database.It includescommonclasses(or a partof the
schemafor a “relationalsystem”)thataresharedby differentlogical
processesto allow themto exchangeinformationundera standard-
isedbusinesspractice.The Ontologyis alsomappedto procedures
that aredescribedat the ImplementationLayer which allows infor-
mationto bepassedbetweenthetwo levelsbasedon theconstraints
prescribedin thelogicalprocesses.

As a processmaybe implementeddifferently in differentsystem
components,differentversionsof implementationsmayread,write,
updateor deletethe samedatasourcesconcurrentlyfollowing the
explicit datamanagementpolicesde�ned in theLogical Layer. The
enactedprocessesmayalsocommunicatewith eachotherthroughin-
formationthatis under-pinnedby theDomainOntology. This mech-
anismenablesa closecollaborationbetweendifferent processen-
actmentsandduplicationof actionsmay be avoidedandintelligent
behavioursof thesystemmaybegenerated.

The overall aim of the layeredBPM framework is to provide a
principled way for businessprocessmodelling that is �e xible and
thereforerobustagainstchangesin technologythroughtime.It sepa-
ratesbusinessrequirementsfrom technicalissueswhenmakingdeci-
sionsfor developingwork�o w systems.This separationenablesthe
work�o w systemto bemorerobustandagile in responseto change
of requirementsin thedynamicenvironmentthatit operateswithin.

3 Requirementsand Designof FBPML

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

� Standard: Modellingconceptsthataredescribedin thenew BPM
languageshouldmeettheirspecialisedrequirementsbut alsoneed

to beconsistentwith thecurrentprocessmodellinglanguagestan-
dards.Thisnotonly keepsFBPML compliantwith standardprac-
tices it alsoaidscommunicationwith otherBPM languagesand
practitionersin the�eld. In essence,this meansconceptsthatare
includedin standardisedprocessmodelling languagesare main
candidatesto be includedin FBPML. As a result,FBPML is an
inherited,specialisedandcombinedversionof thesestandardised
modellinglanguages.Themainlanguagesthathavein�uencedthe
designof FBPML are IDEF3, PIF, PSL, RAD, CommonKADS
CML andtheBusinessModellingmethodof IBM' s BSDM.

� Accessible:Thelanguageshouldbeeasyto learnandusefor both
IT andbusinesspersonnel.As oneof the main businessrequire-
mentsfor BPMLs is to enablebusinesspersonnelto do BPM
WITHOUT IT support.[12] To achieve this, FBPML coversfun-
damentalprocessconceptsthat minimisecomplexity introduced
by super�uousnotations.It also introducesannotationnotations
that are informal and not directly understandableby machine.
Suchannotationis not formally a partof themodel,but maypro-
videusefulexplanationto themodel,recordingof designrationale
or simplya reminderto assistthemodellingprocess.

� Collaborative: An enterprisetodayis a virtual entity: it consists
of a variety of enablersthat are scatteredacrossdifferent geo-
graphicalareas.Someenablersarehumanwhereasothersareau-
tonomousagentsor systemcomponents.Eachenablerplaysarole
in itsactivitiesandis equippedwith specialisedfunctions,capabil-
ities andauthorities.Thoseenablersarecharacterisedin their ex-
pertiseandoftenbehave in differentwaysthatarebestsuitedfor
their tasksandenvironment.However, to achieve organisational
goals,they needto work collaboratively to accomplishtheir tasks.
Traditionally, BPM methodsdo not include or explicitly repre-
sentthe conceptof suchenablers,their responsibilities,authori-
ties,how they collaboratewith eachotherandwhattheir relation-
shipsarebetweeneachother. Therolesthatenablersplay, therela-
tionshipsbetweenthemandinformationaboutthemarecaptured
in FBPMLin theconceptof Role.

� Precise:As mostof theBPM methodsareinformalmethods,they
do not provide formal semanticsfor their notations.To avoid po-
tential mis-useof the modellinglanguageandmis-interpretation
of built processmodels,thereis a needfor precisede�nition for
notationsso that a modelmay be interpretedcorrectlyandcon-
sistently. IDEF3 providesa maturemodellingmethod,graphical
notationsandsoundconceptualisationaboutprocesses,but there
is no formal semanticfor its notation.PSL, on the other hand,
doesnot have a visual presentationor method,but providesfor-
malde�nitions of its concepts.Thispresentsanaturalopportunity
to mergethetwo to gainbene�ts from both- this is theapproach
takenby FBPML.

� Executable:Semanticsthat are de�ned in the BPM language
should include (or at least imply) operationalde�nitions. This
meansthe use of common processcomponents,such as trig-
ger, pre-conditionsandpostconditions,bearprescribedexecution
mechanisms.In addition, the typesof executableactivities also
needto beidenti�ed andto beincludedasapartof themodel.Pro-
cessmodellingmethodsareinherentlyrich in theirsemantics.The
semanticof links betweenprocesses,for instance,are regarded
asdependenciesbetweenprocesses,yet they alsobeartemporal
constraints,and they may also act as triggersfor the following
processes.Junctions,suchasAND, OR andXOR, 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 process,they may beardistinct implicationsfor



execution.Usersof BPM needto understandsuchimplicationsin
ordercreatea correctandappropriatemodel.

� Formal: Formality is important to connecta businessprocess
model to its executionphase.Ideally, thereis a direct mapping
from semanticsof a businessprocessmodelto applicationlogic
(asdescribedin the logic layer and implementationlayer in the
previous section).This enablesthe separationbetweenprocess
andapplicationlogic, yet maintainsdeclarative designof a work-
�o w system.This implies modi�cations madeat the logic layer
automaticallyupdateprocessesattheimplementationlayer. If any
inconsistency occurs,the systemwill give warning to the user.
Theformalapproachhasseveraladvantages:automatic/intelligent
analysis,veri�cation, validation,andsimulationfacilitiesmaybe
supportedat the businesslayer[5][4]; once a businessprocess
modelis satisfactorystable,it mayautomaticallypopulatea large
partof processesat theimplementationlayer.

4 A Declarative ExecutableFBPML - The
Semantics

4.1 Activity, Decompositionand Specialisation

As mentionedin theprevioussection,FBPML shouldconformwith
standardpractice.IDEF3,beinga matureactivity modellingmethod
that largely meetsour requirements,provides the foundation for
FBPML. IDEF3[17] de�nes the conceptof decompositionandspe-
cialisation of a processthat FBPML alsoencompasses.Similar to
IDEF3, the conceptof decompositionin FBPML allows a process
describedatahigherlevel of abstractionto bedecomposedinto more
detailedsub-processesthataremoreexplicit for its implementation
procedures.Eachsub-processmay also be decomposedinto more
detaileddescriptions.The specialisationof a processindicatesthe
alternative waysof carryingouta process.

Althoughtheremaybemorethanonealternative way of carrying
outa task;unlike decompositionwhereall of thesub-processesmust
becarriedout in orderto accomplishthetask,specialisationrequires
only onealternative sub-processto becarriedout to accomplishthe
task.However, if onealternative activity doesnot �nish thetaskdue
to somecircumstances,anotheralternative activity may collaborate
with the currentone to accomplishthe task. The detailedmecha-
nismabouthow differentalternative processesmaywork togetherin
a coherentway in all eventualitiesrequiresa thoroughexamination
of implementationmethods.Sincethis is implementationdependent
andoutsidethescopeof thispaper, it is not discussedhere.

4.2 Notation

Figure3 depictsthenotationof FBPML asit is shown usingKBST-
EM (Knowledge BasedSupport Tool for EnterpriseModels)[3].
Thereare threetypesof nodes:the Main Node, Junction and An-
notation. Four typesof Main Nodesareincluded:Activity, Primitive
Activity, RoleandTimePoint. Two typesof Annotationsareincluded:
theIdeaNoteandNavigationNote. Two typesof links areprovided:
theprecedence-linkandsynchronisation-bar. Therearefour typesof
Junctions: and, or, start and�nish.

Main Nodes:As mentionedearlier, an activity nodedenotesthe
type of processthat may be decomposedor specialisedinto sub-
processes.In addition, the notion of Primitive Activity (from PSL)
hasbeenintroducedto denotea leaf nodeactivity that may not be
further decomposedor specialised.Primitive activity is useful to
FBPML, as it highlights the connectingpoint betweenthe higher

Figure 3. FBPML Notation

level processdescriptionandlower level implementationdetailsthat
aredescribedin thelogicalandimplementationlayers,respectively.

Althoughsomeprocessmodellingmethodsdistinguishtermsbe-
tweenprocess,activity andtask,asoneis a higherlevel description
of another, like IDEF3 andPSLFBPML doesnot make thedistinc-
tion. Sincea processmaybefurtherdecomposedor specialisedinto
sub-processesthatmaybeagainfurtherdecomposedor specialised,
aprocessatonelevel is anactivity to its “parent”process.As aresult,
thesetermsareusedinterchangeablyin this document.

In FBPML, anactivity is uniquelyidenti�ed by its name(or ID)1.
However, sinceFBPML (aswell asIDEF3) permitsthesameactiv-
ity to be repeatedin differentplacesin a processmodel, that nor-
mally exhibits different relationshipsbetweenitself to otheractivi-
ties,thesameactivity maybeenacteddifferently in a modelin dif-
ferentplaces.Furthermore,sinceanactivity maybeadecomposition
or a specialisationof its parentactivity, this addsextrameaningsde-
pendingon thetypeof sub-activity thatit describes.

The semanticsof an activity to a model is, therefore,de�ned
togetherby its location in themodel,its usage in themodelandthe
contentde�ned within itself, i.e. theTrigger(s),Pre-condition(s)and
Action(s). Post-condition(s)is often de�ned as a part of a process
and recordedin our model as it gives explicit checkingpoints on
successfulexecution of a process.However, since it is derivable
from pre-conditionsandactionsof a process,we do not includeit in
our formal representation.In FBPML, the locationof an activity is
recordedin the�eld Hierarchical Position(HP). Therefore,thetuple
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de�nes an activity (type) in a modelusingFBPML, whereeach
HP is uniqueandtheremaybemorethanonetrigger, pre-condition
andaction.To denotetherelevanceto anduniquenessin amodel,an
activity is formally representedas:

activity(Activity name,HierarchicalPosition)

whereActivity nameis the nameof the activity and Hierarchi-
cal Positionits locationin the model.If A is a primitive activity in
the model,the above predicatename,activity, is changedto primi-
tive activity. Sincethis paperonly discussessemanticsof notations
but not their semanticsin a model, for simplicity, this sectionas-
sumesall activities areuniquelyusedin our examplesandtherefore

/

For pragmaticreasons,anactivity ID is createdfor eachactivity to provide
a shorthandidentity for anactivity. Eachactivity nameuniquelymapsto
anactivity ID andviceversa.Logically, wedonot representit, sinceit does
notaddadditionalsemantics.



usesActivity nameinsteadof theabove predicates,activity/2, when
referringto anactivity.

Thepredicateattribute(Activity, Attribute name,Attribute value)
holds the speci�cation for an Activity type whereAttribute name
storesthecorrespondingattributename,suchastrigger, precondition
andaction,andAttribute valuestorestheattributevaluethatmaybe
a structuredtermor templatewith variablesusingspeci�c grammar.
Variablesthatareincludedin theAttribute valuewill beinstantiated
dynamicallyby (processor object)instancesat run time.2

The conceptof Role is adaptedfrom RAD wherea Role is de-
scribedasinvolving asetof activitieswhichcarryoutasetof respon-
sibilities. Suchactivities are“generallycarriedout by an individual
or groupwithin the organisation”.Rolesare also typesand “there
canbeanumberof differentinstancesof arole typeactiveatany one
time within an organisation”[19]. In FBPML, thede�nition of Role
is functionalandasdescribedabove, it de�nesthe“role” thatanen-
ablerplays in the context of the describedactivities. Upon process
enactment,a role maybeful�lled by an individual, a groupof peo-
ple or softwarecomponents,or a combinationof theabove. Similar
to RAD, althoughdifferentgraphicalpresentationandprocesscon-
ceptsareused,FBPML highlights interactionsbetweenroles:each
role mayhave its own internalaswell ascommunicationprocesses.
Thecommunicationprocessesallow explicit de�nition of interaction
methodsandboundaryof communicationwithin processesof each
role. Tasksandissuesmaybedelegated,escalatedor transferedbe-
tweenrolesasa partof communicationprocesses.

Thenotationof timepoint indicatesa particularpoint in timedur-
ing the enactmentof a processmodel.The referenceof time point
maybedecidedby the implementationmethodof themodel.A du-
rationof a time interval is indicatedby two time points.A lengthof
timemaynothave associationwith any particularpointof time.

Annotations: Two typesof annotationsare included:Idea Note
recordstextual informationthat is relevant to, but outsidethescope
of, a processmodel,e.g.designrationaleor a reminderfor analysis
for certainpartsof a model;NavigationNote recordsthe relation-
shipsbetweendiagramsin a model.In general,annotationnodesdo
not contributesemanticallyto a processmodel,but they helptheor-
ganisationandmanagementof themodellingprocess.

Links: Two typesof links areincluded:Precedence-linkandSyn-
chronisationBar. Precedence-linkis comparableto the more con-
strainedPrecedenceLink, type II, in IDEF3. In FBPML, the spec-
i�cation that Activity A is precededby Activity B is denotedby
a Precedence-linkfrom Activity A to B as shown in Figure 3. A
Precedence-linkplacesa temporalconstrainton processexecution
thattheexecutionof Activity B mayNOT startbeforetheexecution
of Activity A is �nished whenthetwo processesareonthesameexe-
cutionpath.Figure4 illustratestheconceptof pathandtheexecution
of processes[1].3

In Figure 4, “Top Process”transformsfrom stateSo to Sn. It
is also a parentprocessthat may be decomposedor specialised
into sub-processes.One way to propagatefrom state So to Sn
then is to activate the appropriatesub-processesandexecutethem
alongthe statepath
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 � � - by activating the
processsequence� (whereseveral processinstancesmay execute
synchronisedor not to transfer from one state to another).We
denoteanexecutionof processinstancesalonga statepath

�

in the
predicateactivation/2:

�

A separatepredicateis usedto storeprocessinstanceattributes.
�

This Figureis adaptedfrom [15].

Sn...S1 S2

SnTop ProcessSo

So

State Path:        = <So, S1, S2, S3,...  Sn>P
Execution Path:

f1 f2 f3 f n

nF = {f1, f2, f3,.... f   }

Figure4. ExecutionPathfor Processes
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Given the executionpath,onecanformally specifythe temporal
constraintbetweenactivity A andB in theformulabelow:

Axiom 1: TemporalConstraint
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A Precedence-Linksuggestsnatural process�o w which is if
Activity A is executed,Activity B shouldalso be executedalong
the correspondingexecution path unlessother conditionsinteract
with it. We use . to representthis natureof weaker inferencethatis
pronouncedasshouldbe or maybe. This de�nition givesa process
modelmore�e xibility andis slightly differentfrom Precedence-Link
Type II in IDEF3 wherestronginferenceis prescribed.This rule is
describedformally below:

Axiom 2: Dependency Constraint
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A Precedence-Linkalso indicatesthat the completionof activity
A invokesActivity B to beactivated.We introducea propertyTem-
poral Quali�cation (TQ) to denotethat Activity B is temporally
quali�ed to beexecuted.Temporal Quali�cation, however, doesnot
guaranteethe executionof an activity becauseit also dependson
thecontentof triggerandpre-conditionsof thatactivity. We usethe
predicatetq(Instance, Process)to indicatethis propertyandend/2to
indicatethattheexecutionof aprocessinstanceis �nished.



Axiom 3: Propertyof TemporalQuali�cation
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Thepropertyof TQ is importantasit impliesexecutionlogic of a
processmodelthat separatesthe notationbetweenthe executionof
processinstancesandthosethatareonly temporallyquali�ed to be
executed.We introducea separatepropertyFull Quali�cation (FQ)
to de�ne that a processis Fully Quali�ed, if it is Temporally Qual-
i�ed and that all of its triggersand pre-conditionsare satis�ed. A
fully quali�ed processinstancemay be executedimmediately. Due
to space,we do not describethe formalismhere.The propertiesof
TQ andFQ provide exactsemanticsfor theexecutionlogic thatde-
terminesthedynamicbehavioursof a processmodelat run time.

Theabove precisede�nition of FBPML links signi�es how it dif-
fers from most other businessprocessmodelling languages.Since
mostbusinessprocessmodelling languagesfocuson the speci�ca-
tion ability of aprocess,theactualimplementationstepsof aprocess
areleft outandareopento interpretationfor systemdevelopers,e.g.
IDEF3, IDEF0, PSL,BusinessProcessModel in BSDM. Sincethe
implementationconsiderationshave not beenprovided by the orig-
inal model,it leavesa questionof whetherthe implementedsystem
obeys the intendeddesignof the systemand/orwhetherthe imple-
mentationhasbeencarriedoutconsistentlywith respectto themodel.
Sincesuchprocessexecutionrationalehasnot beenrecordedat the
�rst place,suchquestionsaredif�cult to evaluate.4

Besidesproviding preciseexecutionlogic andinstructionsto the
implementedwork�o w system,the above precisesemanticsallows
both static as well as dynamic(state)Veri�cation, Validation and
Critiquing(VVC) facilitiesonthebusinessprocessmodel.Thestatic
VVC techniquesincludeerrorandappropriatenesscheckingandcri-
tiquing basedon the examinationandcomparisonof differentparts
of the static structureof a businessprocessmodel without the ac-
tual instantiationof themodel.ThedynamicVVC involvestestruns
of interestingscenariosthroughthe model in an attemptto under-
standsystembehaviours at run time. Similar techniqueshave been
appliedandimplementedin KBST-BM[2] for IBM' s businessmodel
in BSDM.

As anactivity maybedecomposedinto severalsub-processes,the
activationof a top processmaybeaccomplishedby activationof its
sub-processes.In this case,the executionof the top processis not
�nished unlessall of the correspondingsub-processesare�nished.
Again,wedo notdescribetheformalismhere.

The secondtype of link is Synchronisation Bar. A Synchroni-
sation Bar placesa temporalconstraintbetweentwo time points.
For example,onemay synchronisethe startingor �nishing of two
processesby synchronisingthe “begin times” or “end times” of
the two processes.TheSynchronisationbetweentwo time pointsis
thereforede�ned below:
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Junctions: Junctionsarespecialor simpli�ed activities, in that
�

This is arecurrentproblemthattheauthorshaveto dealwith in oneof their
commercialbusinessprocessmodellingprojectsandtheirresearchprojects.

they do not have triggersandpre-conditions,andtheir actionshave
predetermineddecisionlogic for starting,endingor branchingpro-
cessexecution.Four types of Junctionsare included in FBPML:
start, �nish, and,andor junctions.

The“start” and“�nish” junctionsprovideanexplicit indicationof
thelogical startingand�nishing pointsof a process.They mayalso
isolateapartof aprocessthatcanbetreatedlocally asasub-process.
Thesetwo junctionsprovideaclearindicationfor theentryandleav-
ing pointsfor the readerandwhenexecutinga process.It provides
a naturaldecompositionfor testinga processanda convenient in-
dicationfor breakinga long complicatedprocesswhendeveloping
work�o w systemsusinga divide-and-conquerstrategy.

An “and” or “or” junction is a one-to-manyrelationshipthat de-
scribesprocessexecution�o w andtemporalconstraintbetweenthe
activities thatareconnectingto it. Figure5 shows how an “and” or
“or” junctionmaybeusedin a processmodel.As shown in the �g-
ure, therearetwo typesof interpretationsof an “and” or “or” junc-
tion: thejoint or split typeof junction,dependingon thetopologyof
theprocessmodel.

Figure5. FBPML JointandSplit Junctions

An and- or or-joint indicatesmore than one precedingactivity
beforethe “and” or “or” junction, andonly oneactivity following
thejunction.Figure5(a)and(b) give examplegraphicalrepresenta-
tionsof anand-andor-joint whereeachjunctionis attachedto three
in-comingarrowsandonly oneout-goingarrow. A joint typeof junc-
tion is sometimesalsoreferredto asa fan-in junction in somepro-
cessmodelling languages.Semantically, an and-joint indicatesthe
processexecution �o w and the temporalconstraintthat all of the
precedingactivities mustbe�nished beforethefollowing activity is
temporallyquali�ed andthereforebeexecuted.An or-joint indicates
only oneof theprecedingactivities is requiredto be�nished before
thefollowing activity becomestemporallyquali�ed andexecuted.

An and-or or-split indicatesthat thereis only one activity pre-
cedingthejunction,but thereis morethanoneactivity following the
junction.Figures5(c) and(d) illustrateexampleand-andor-splits.
A split junctionis sometimesalsoreferredto asa fan-outjunctionin
someprocessmodellinglanguages.Semantically, a split junctionin-
dicatesprocess�o w, temporalaswell asdependency constraints.An
and-or or-split indicatesthat all of the following activities become
temporally quali�ed whentheprecedingactivity is �nished. Further-
more,an and-splitalso indicatesthat all of the following activities
mustbeexecutedatsomepointof timeaftertheprecedingactivity is
�nished.

Ontheotherhand,anor-split indicatesthatat leastoneof thefol-
lowing activities of the“or” junctionwill be triggeredandexecuted



whenthe precedingactivity is �nished. It is, however, unclearhow
many or which of the following activities will betriggeredandexe-
cuted,sinceit dependsuponthecorrespondingdynamicsystemstate
andthe triggerandpre-conditionstatementsof the following activ-
ities. For both of the and-andor-split, all of the activities that are
describedafter the junction may be executedin parallelor sequen-
tially, whenappropriate.Theprecedence-linkandthejunctiondonot
specifytheexactsynchronisationbetweentheseactivities.Suchsyn-
chronisationis speci�edby SynchronisationBars.

4.3 Combinational Useof Branching Junctions

Figure6demonstratesthefourcommoncombinationalusesof “And”
and“Or” junctions.The four basiccasesof combinationsaregiven
in theFigure(a), (b), (c) and(d) accordinglyandlistedbelow: And-
And, Or-Or, And-Or, Or-And.

Figure 6. FBPML JunctionsCoupled

Accordingto thede�nitions givenfor “And” and“Or” junctionsin
theprevioussection,theand-andcombinationde�nesthatactivity B,
C andD mustexecuteat somepoint of time afterbut only afterac-
tivity A is �nished, andthatactivity E maynotstartexecutionbefore
B, C andD have �nished.

Theor-or combination,on theotherhand,givesamoreloosecon-
straintin that,similarly to and-andcombination,activity B, C or D
mayonly startexecutionafteractivity A is �nished. However, it may
notbethecasethatall of B, C andD areexecuted- it dependsonthe
systemdynamicsandexecutionrequirementsof B, C andD. Never-
theless,sinceanor-split hasbeenusedhere,at lastoneof B, C or D
mustbeexecuted.Wheneitheractivity B, C or D is �nished, activity
E may start its execution.The and-andandor-or combinationsare
demonstratedin Figures6(a)and(b), respectively.

Similarly, in Figure6(c), theand-orjunction indicatesthatactivi-
tiesB, C andD maystarttheir executionafteractivity A is �nished,
andactivity E maystartexecutionassoonasoneof activities B, C
or D is �nished. What is differentcomparedto Figure6(b) is that
activities B, C andD mustall beexecutedat somepoint of time due
to theand-split.

Figure6(d)indicatesthatat leastoneof theactivity B, C or D may
betriggeredandstartexecutionafteractivity A is �nished. Activity
E maynotstartits executionunlessall of thetriggeredactivities, i.e.
a combinationsof B, C andD, are�nished. Note that sincean or-
split hasbeenusedearlier in the processmodel, it may not be the
casethatall activities B, C andD aretriggered.Nevertheless,all of
the triggeredactivities mustbe �nished beforeactivity E may start
its execution.

4.4 Discussion

As it has beendescribed,an “And” or “Or” junction indicatesa
temporalconstraintbetweenthe executionof connectedprocesses.
Furthermore,they alsoindicatethe“execution”constraintsthathave
beenput in theprocesslogic. For instance,an “and-split” indicates
that all of the following activities mustbe executedwhen the pre-
cedingactivity is �nished. However, themodelmaynot specifythat
all of theactivities mustbe�nished beforethe“next wave of activi-
ties” arestarted.Onesuchexampleis givenin Figure6c, thecaseof
and-orjunction.ActivitiesB, C andD maystartexecutionin parallel
but asynchronouslyandmay�nish theirexecutionatdifferenttimes.
Activity E maystartexecution,assoonasoneof them�nishes exe-
cution.This meansthatactivity E andactivities following it maybe
executingalongsidetheun-�nishedactivity B, C or D. Furthermore,
it is possiblethatall of thefollowing activitiesafterE are�nished be-
foreactivity B, C or D are�nished. Thismayleadto anun-desirable
resultin thesystem.

Theprocessmodeldescribedin Figure6c,however, is correctand
appropriatewhendescribingasituationwherethestartandexecution
of activity E is not temporallyandsemanticallyboundby activity B,
C andD. However, whenthereis sucha constraintat a laterstageof
theprocessthatrequiresthe�nishing of thecorrespondingactivity B,
Cor D, alimitation maybedescribedin thetriggersor pre-conditions
of otherfollowing activities in themodel.

Oneway to control andavoid “left-over” processeslingering in-
de�nitely in the systemis to de�ne a processthat is not �nished
until all of its (“left-over”) sub-processesare �nished. Under this
de�nition, the higher level processis not �nished unlessall of its
sub-processesare�nished. This is whathasbeende�ned in FBPML.
Anotherway to control this is to provide a checking,alarmingand
repairingmechanismthatwill betriggeredwhenprocessesarefound
lingeringlongerthana pre-determinedperiodof time.

4.5 DemonstratingDynamic Behaviours in Process
Panels

As a partof theAKT project[6],for AKT-TIE5, we have developed
a small PC con�guration businessprocessmodel that acceptscus-
tomerenquiresandreturnswith possiblepc-con�gurationspeci�ca-
tion. A snapshotof the businessprocessmodelfor the role “Edin-
burgh” is given in Figure7 asit is shown in our supporttool KBST-
EM. This modelhasbeensuccessfullytranslatedanddisplayedin a
work�o w steppingsystem,I-X ProcessPanel. Uponinstantiation,in-
stancesof processesappearandaremanagedin I-X system'sprocess
panels[24][16].

Figure 7. PCCon�gurationBusinessProcessModel

�

AKT-TIE is a part of the AKT projectcollaboratingwith PeterGray and
Kit Hui, ComputerScienceDepartment,AberdeenUniversity, UK.



Figure 8. View of I-X SystemProcessPanel

Figure 8 demonstrateshow the instantiation of each process
presentsan entry in the I-X processpanel.Eachentry consistsof
two components:thenameof theprocessandvariablestheprocess
takes.The parentprocessof processesgiven in Figure7, “Perform
Top Level Processfor PC Con�guration”, is shown at the top row
and in bold facewhich is decomposedinto sub-processesas those
describedin Figure7.

In I-X, for eachprocessinstance,several actionsmay be per-
formedupon them andthe executionstatusof eachinstanceis re-
�ected by differentcolours.In I-X, all processinstancesmaybeex-
ecuted(done),cancelled(Not Applicable),waiting to be processed
(No Action (yet)), or decomposedinto sub-processes(Expansion).
Communicationprocessesin our modelmay alsodispatchtasksto
otherappropriate“roles” asde�ned in their processes.Branchingof
processesis controlledby theavailability of actionsthatmaybeper-
formedon the instances.For instance,in Figure7 all processeson
thesecondcolumnof themodelthatareaftertheor-split maybeexe-
cutedin parallel,but thisoperationis only availableafterthe“Obtain
Requirementsfor PCcon�guration” processcompleteditsexecution.

It hasbecomeapparentthat it is not an easytask to provide a
declarative BPML thatprovidesdirectsupportfor building andexe-
cutingwork�o w systemsandthatmoreissuesareto be investigated
and resolved. Typical action typesshouldbe provided by the lan-
guagesso that any modelsbuilt usingthe languagebene�t directly
from it, while at thesametimeoneneedsto allow �e xibility andease
for additionor modi�cation on existing actiontypes.To safeguard
againstinconsistenciesat themodellinglanguagelevel is to provide
someform of (automatic)inconsistency checkingon staticmodels
anddynamicenvironments.Upon executinga processmodel, it is
alsovital thatstaticprocessesareprovidedbut thework�o w system
mustbe ableto allow the usersto dynamicallymodify or addnew
processes.Again, this will have to be donewithin a predetermined
safetylevel.

5 Conclusion

EnterpriseModelsneedto bridgethegapto softwaresystemdevel-
opmentandexecution,but additionalmechanismsareneededsothat
informationthatis heldwithin themmaybetransferredandmapped
ontosoftwareexecution.To bridgethis gap,however, is not a minor
task.Diverseandoften con�icting requirementsareneedto be ad-
dressed.In addition,formality needsto beintroducedto theinformal
or semi-formalenterprisemodellingparadigmto provide precision
andenableautomaticsupport.Whendomainknowledgeis usedasa
partof softwaresystemdevelopmentandexecution,it is alsoneeded

to ensurethat it hasbeenchecked for consistency andappropriate-
nessduring thephaseof enterprisemodelling.This paperproposed
a declarative modellingapproachin anattemptto bridgethegapbe-
tweenbusinessprocessmodellingmethodsto (work�o w) software
systems.

Basedonthisapproach,aninitially static,high level businesspro-
cessspeci�cation may be representedformally and automatically.
Basedon the formalism,automaticveri�cation, validationandcri-
tiquing maythereforebeprovidedasa partof normalmodellingac-
tivities. Furthermore,the modellingnotationbearsexact execution
instructionsthatmaybemappedto softwaremodulesthatarecom-
ponentsof a work�o w system.This givestheprospectof rapidpro-
totypingandtestingof awork�o w systemthatis basedonthemodel.
Thisbene�t will notbepossiblewithoutproviding executionseman-
tics in a model.

It will be advantageousthat more similar work as reportedin
this paper is carried out for all EnterpriseModels to narrow the
gapwhich currentlyexists at variousplacesbetweenEM methods
and software systemdevelopment.When this is done, the set of
EnterpriseModels together may provide a holistic and clearer
view as well as more direct instructions,particularly from the
business,organisational,knowledge,informationandprocesspoints
of view, to assisttheprocessof softwaresystemdevelopmentfor the
organisation.
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