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Abstract. Thispaperdescribesheimplementatiorof asystenmsupportingr AWL
(Yet AnotherWork o w Language)YAWL is basedn arigorousanalysisof ex-
isting work o w managemergystemsandrelatedstandardsisinga comprehen-
sive setof work o w patternsThis analysisshavs that contemporarywork o w
systemsrelevant standardge.g. XPDL, BPML, BPEL4WS),but alsotheoreti-
cal modelssuchas Petri netshave problemssupportingessentiapatterns This
inspiredthedevelopmenif YAWL by taking Petrinetsasa startingpointandin-
troducingmechanismshatprovide directsupportfor thework o w patterndden-
ti ed. As aproofof conceptwe have developedawork o w managemengystem
supportingYAWL. In this paper we presenthearchitectureandfunctionality of
thesystemandzoominto thecontrol- ow, data,andoperationaperspecties.

1 Intr oduction

In theareaof work ow oneis confrontedwith a plethoraof productgcommercialfree
and opensource)supportinglanguageghat differ signi cantly in termsof concepts,
constructsandtheir semanticsOne of the contributing factorsto this problemis the
lack of acommonlyagreeduponformal foundationfor work ow languagesStandard-
ization efforts, e.g. XPDL [20] proposediy the WIMC, have essentiallyfailedto gain
universalacceptancandhave notin ary caseprovided sucha formal basisfor work-
“ow speci cation.Thelack of well-groundedstandard#n this areahasinducedseveral
issues,jncluding minimal supportfor migration of work ow speci cations,potential
for errorsin speci cationsdueto ambiguities,andlack of a referencerameawork for
comparingthe relative expressie power of differentlanguagegthoughsomework in
this areais reportedn [13]).

Thework ow patternsnitiative [4] aimsat establishingamorestructurecapproach
to the issueof the speci cation of control ow dependencieg work ow languages.
Basedon ananalysisof existing work ow managemergystemsandapplicationsthis
initiative identi ed a collection of patternscorrespondingo typical control ow de-
pendenciegncountereth work ow speci cations,anddocumenteavaysof capturing
thesedependenciem existing work ow languagesThesepatternshave beenusedas
a benchmarkfor comparingprocessde nition languagesandin tenderingprocesses
for evaluatingwork ow offerings. Seewww.workflowpatterns.com for exten-
sive documentation,ashanimationsof eachpattern,andevaluationsof standardsind
systems.



While work ow patternsprovide a pragmaticapproachto control ow speci ca-
tion in work ows, Petrinetsprovide a moretheoreticalapproachPetrinets[17] form
amodelfor concurreng with a formal foundation,anassociatedraphicalrepresenta-
tion, anda collectionof analysistechniquesThesefeaturestogethemwith their direct
supportfor the notionof state(requiredin someof thework ow patterns)makesthem
attractve asa foundationfor control ow speci cationin work ows. However, even
though Petri nets (including higherorder Petri netssuchas Colored Petri nets[12])
supporta numberof theidenti ed patternsthey do not provide direct supportfor the
cancellationpatterns(in particularthe cancellationof a whole caseor a region), the
synchronizingmeige pattern(whereall active threadsneedto be meiged,andbranches
which cannotbecomeactive needto be ignored),and patternsdealingwith multiple
active instanceof the sameactiity in the samecase[2]. This realizationmotivated
the developmentof YAWL [3] (Yet AnotherWork ow Languagewhich combineshe
insightsgainedfrom the work ow patternswith the bene ts of Petrinets.It shouldbe
notedthoughthat YAWL is not simply a setof macrosde ned ontop of Petrinets.Its
semanticss notde ned in termsof Petrinetsbut ratherin termsof atransitionsystem.

As alanguagdor thespeci cationof control ow in work ows, YAWL hastheben-
et of beinghighly expressive andsuitable,in the sensehatit providesdirectsupport
for all the work ow patternswhile the reviewed work ow languagesprovide direct
supportfor only asubsebf them.In addition,YAWL hasaformal semanticandoffers
graphicalrepresentationfor mary of its conceptsTheexpressve powerandformal se-
manticsof YAWL malkeit anattractve candidatdo beusedasanintermediatdanguage
to supporttranslationsof work ows speci edin differentlanguages.

When YAWL was rst proposedno implementatiorwas available. Recently im-
plementatiorefforts have resultedin a rst versionof a prototypesupportingYAWL.
With respecto the variousperspectiesfrom which work ows canbe considerede.qg.
control- aw, data,resourceandoperationa[11]), YAWL initially focusedexclusively
on the control ow perspectie. Subsequentlya novel approachfor dealingwith the
dataperspectie hasbeendesignedandincorporatednto the prototype.In addition,an
approacthasbeendesignedalthoughnotyetimplementedjo dealwith theoperational
perspectie onthebasisof a service-orientedrchitecture.

This paperdiscussesalientaspectandissuegelatedto the designandimplemen-
tationof the YAWL systemjncludingthe proposedxtensiondor dealingwith thedata
andoperationaperspecties.In short,the maincontributionsof the paperare:

— A discussiorof theimplementatiorof the control ow perspectie of YAWL;

— A discussiorof the dataperspectie of YAWL andits implementation;

— A discussiorof aproposafor theincorporationof the operationaperspecire into
YAWL throughthe useof a service-orientedrchitecture.

The remainderof the paperis organizedasfollows. After a brief overview of re-
lated work we introducethe YAWL language Section4 describeghe architectureof
the YAWL systemandmotivatesdesigndecisionsSection5 discusseshecontrol- aw,
data,andoperationaperspectiesin moredetail. Section6 brie"y discussesn exam-
ple. Section7 concludeghe paper



2 Relatedwork

YAWL [3] is basednaline of researclyroundedn Petrinettheory[1, 13] andthe 20
work ow patternsdocumentedn [4]. In previouspublicationswe have evaluatedcon-
temporarysystemsJanguagesand standardsising thesepatterns. An analysisof 13
commercialwork ow offeringscanbe foundin [4] while an analysisof 10 work ow
languageproposecddy the academiccommunityis describedn [3]. Commercialsys-
temsthat have beenevaluatedincludeLey COSA, Filenets Visual Work ow, SUN's
Forté ConductorLotusDominoWork ow, IBM MQSeries/Vérk ow, Stafware,Verve
Work ow, Fujitsu's I-Flow, TIBCO InConcert,HP ChangengineSAP R/3 Work ow,
EastmanandFLOWer. Examplesf academigrototypeghathave beenevaluatedus-
ing thepatternsareMeteor Mobile [11], ADEPT & [18], OPEN av, Mentor[21], and
WASA [19]. For ananalysisof UML actiity diagramsn termsof (someof) the pat-
terns,wereferto [8]. BPELAWS aproposedstandardor webservicecompositionhas
beenanalyzedn [22]. Analysesof BPMI's BPML [5] andWfMC's XPDL [20] using
the patternsare also available via www.workflowpatterns.com . In total, more
than 30 languages/systentgve beenevaluatedandtheseevaluationshave driventhe
developmentof the YAWL languageGiventhatthis paperfocuseson the designand
implementatiorof the YAWL systemwe will not discusstheseprevious evaluations,
referringthereadetto theabove citations.

As anopensourcework ow system,YAWL joinstheranksof asigni cant number
of previousinitiatives:18 opensourcenvork ow systemsrereportedn [16]. Again,the
distinctive featureof YAWL with respecto thesesystemss in the combinationof its
expressve power, formal foundation,andsupportfor graphicaldesign,complemented
by its novel approactto dealwith the dataandthe operationaperspectre of work ow
by leveragingemeging XML andWebservicegechnologies.

3 YAWL language

Before describingthe architectureand implementationof the YAWL system,we in-
troducethe distinguishingfeaturesof YAWL. As indicatedin the introduction, YAWL
is basedon Petri nets.However, to overcomethe limitations of Petrinets,YAWL has
beenextendedwith featurego facilitatepatternsnvolving multiple instancesadvanced
synchronizatiorpatternsandcancellationpatternsMoreover, YAWL allows for hier-
archicaldecompositiorandhandlesarbitrarily complex data.

Figure 1 showvs the modelingelementsof YAWL. At the syntacticlevel, YAWL
extendsthe classof work ow netsdescribedn [1] with multiple instancesgcomposite
tasks,OR-joins,removal of tokens,anddirectly connectedransitions.YAWL is thus
inspiredby Petrinets,but is not just a macropackagebuilt on top of high-level Petri
nets:it is a completelynew languagewith its own semanticandspeci cally designed
for work ow speci cation.

A work ow speci cationin YAWL is a setof processde nitions which form a hi-
erarchy Tasks areeitheratomictasksor compositetasks Eachcompositetaskrefers

1 We usethe termtaskratherthanactivity to remainconsistentvith earlierwork on work ow
nets[1].



to aprocesgie nition atalowerlevel in thehierarchy(alsoreferredto asits decompo-
sition). Atomic tasksform the leavesof the graph-like structure.Thereis oneprocess
de nition without a compositetask referringto it. This processde nition is named
the top level work ow andforms the root of the graph-like structurerepresentinghe

hierarchyof procesgle nitions.

O Condition Atomic task
@ Input condition
@ Output condition

Composite task

Multiple instances
of an atomic task
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Fig. 1. Symbolsusedin YAWL.
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Eachprocesgie nition consistf tasks(whethercompositeor atomic)andcondi-
tionswhich canbeinterpretedasplaces Eachprocesgle nition hasoneuniqueinput
conditionand one uniqueoutputcondition (seeFigure 1). In contrastto Petri nets, it
is possibleto connecttransition-like objects'lik e compositeandatomictasksdirectly
to eachotherwithout usinga “place-like object' (i.e., conditions)in-between For the
semanticghis constructcanbe interpretedasa hiddencondition,i.e., animplicit con-
dition is addedfor every directconnection.

Eachtask (either compositeor atomic) can have multiple instancesas indicated
in Figure 1. We adoptthe notationdescribedn [1] for AND/XOR-splits/joinsasalso
shavn in Figurel. Moreover, we introduceOR-splitsand OR-joinscorrespondinge-
spectvely to Pattern6 (Multi choice)andPattern7 (Synchronizingmemge) de ned in
[4]. Finally, Figurel1 shows that YAWL providesa notationfor removing tokensfrom
aspeci edregiondenotedby dashedoundedrectanglegandlines. Theenablingof the
taskthatwill performthecancellatiormayor maynot depencdbn thetokenswithin the
region to be “canceled”.In ary casethe momentthis taskexecutesall tokensin this
region areremoved.This notationallows for variouscancellatiorpatterns.



flight

(> —

@

hotel

register pay

300

car

(a) After registering the request for a trip, a flight, a hotel, and/or a car

are booked followed by a payment.
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(b) A trip may consist of several legs. The sub-process is
instantiated for each leg.
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(c) Again the sub-process is instantiated for each leg but now it is
possible to cancel the whole trip by removing tokens from the region
indicated.

Fig. 2. ThreeYAWL speci cations.




To illustrate YAWL we usethe threeexamplesshowvn in Figure2. The rst ex-
ample(a) illustratesthat YAWL allows for the modelingof advancedsynchronization
patterns.Task register is an "OR-split' (Pattern6: Multi-choice) and task pay is an
"OR-join' (Pattern7: Synchronizingmemge). This implies that every registrationstep
is followed by a setof bookingtasks ight, hotel and/orcar. It is possiblethat all
threebookingtasksare executedbut it is also possiblethat only one or two booking
tasksareexecuted The YAWL OR-joinsynchronizesnly if necessary.e.,it will syn-
chronizeonly the bookingtasksthat were actually selected Note that the majority of
systemslonotsupporthe Synchronizingnemge(i.e., Pattern7). A few systemsupport
it (e.g.,IBM' s MQSeriesWork ow, Lotus DominoWork ow, andEastmaniork ow)
but restrictits application.For example,in orderto simplify theimplementatiorof the
OR-join, MQSeriesWork ow [10] doesnot supportoops.?.

Figure2(a)doesnotshav thedataaspectThe YAWL speci cationfor thisexample
hasl0variablesangingfrom the nameof thecustometto "ight details.For therouting
of thecasetherearethreeBooleanvariablesvant ight, want hotel andwant car to
selectwhich of the bookingtasksneedto be executed.

Figure 2(b) illustratesanotherYAWL speci cation. In contrastto the rst exam-
ple atrip mayincludemultiple stops,i.e., anitinerary mayincludemultiple sggments.
For example,a trip may go from Amsterdamto Singaporefrom Singaporeto Bris-
bane,from Brisbaneto Los Angeles,and nally from Los Angelesto Amsterdamand
thus entail four itinerary sggments.Eachsggmentmay include a “ight (mostlikely)
but may alsoincludea hotelbookingor a carbooking(at the destination) Figure2(b)
shavs thatmultiple sgmentsaremodeledby multiple instance®f the compositeask
do_itinerary_segment This compositeaskis linkedto the procesgle nition alsoshovn
in Figure2(b). In thecaseof multiple instancest is possibleto specifyupperandlower
boundsfor the numberof instancesilt is also possibleto specifya thresholdfor com-
pletionthatis lower thanthe actualnumberof instancesi.e., the constructcompletes
beforeall of its instancessomplete.In the exampleat handthis doesnot make sense
sinceeachsggmentmustbe booked. Another settingis availableto indicatewhether
aninstancecanbe addedwhile executingotherinstancesin this examplethis would
meanthatwhile bookingsegmentsanew segmentis de ned andaddedo theitinerary:.
In the speci cation correspondindo Figure 2(b) we assumehe multiple instancego
be static', i.e., after completingtaskregister the numberof instancess x ed.Again,
the diagramdoesnot shav the dataaspect.Thereare similar variablesasin the rst
example.However, a complicatingfactoris that eachof the instanceswill useprivate
datawhich needgo be aggreyated We returnto thisin Section5.2. For the moment;it
sufces to seethat YAWL indeedsupportghe patterngdealingwith multiple instances
(Patternsl2-15).Notethatonly few systemsupportmultiple instancesFLOWer [6] is
oneof thefew systemdirectly supportingmultiple instances.

Finally we considerthe YAWL speci cationillustratedin Figure2(c). Again com-
positetask do_itinerary_segmentis decomposedhto the processde nition shavn in
Figure2(b). Now it is however possibleto withdrav bookingsby executingtaskcan-
cel. Taskcancelis enabledf thereis atokenin bookingin_progress If theervironment
decidego executecancel everythinginsidetheregion indicatedby the dashedectan-

2 Insteadof loops,MQSeriesWork o w supportsblockswith exit condition.



gle will be removed. In this way, YAWL providesdirect supportfor the cancellation
patterns(Patterns19 and 20). Note that supportfor thesepatternsis typically miss-
ing or very limited in existing systemgqe.g. Stafwarehasa cancellationconceptbut a
cancellatiorcanonly referto a singletaskandnotto anarbitrarysetof tasks).

In this sectionwe illustratedsomeof the featuresof the YAWL languageThelan-
guagehasan XML syntaxandis speci ed in termsof an XML schemaSeewww.
citi.qut.edu.au/yawl/ for the XML syntaxof the languageln Section5 we
will shav somefragmentsof the languageHowever, beforegoinginto detail, we rst
presenthe “biggerpicture' by describingthe YAWL architecture.

4 YAWL architecture

To supportthe YAWL languagentroducedn the previous sectionwe have developed
a systemusing state-of-the-artechnology In this section,we describethe overall ar-
chitectureof this system,which is depictedin Figure 3. Work ow speci cationsare
designedusingthe YAWL designerand deplogyed into the YAWL enginewhich, after
performingall necessaryeri cations andtaskregistrations storesthesespeci cations
in the YAWL repository which manages collectionof “runable” work ow speci ca-
tions.Oncesuccessfullydeployed,work ow speci cationscanbeinstantiatedhrough
The YAWL engine leadingto work ow instancegalsocalledcases)The enginehan-
dlesthe executionof thesecasesj.e. basedon the stateof a caseandits speci cation,
theenginedeterminesvhich eventsit shouldoffer to the ervironment.

The ervironmentof a YAWL systemis composef so-calledYAWL servicesIn-
spiredby the “web services”paradigm.end-usersapplicationsandorganizationsare
all abstractedas servicesin YAWL. Figure 3 shavs four YAWL services:(1) YAWL
worklisthandler, (2) YAWL webservicesbroker, (3) YAWL interoperability broker, and
(4) customYAWL services The YAWL worklist handlercorrespondso the classical
worklist handler(alsonamed‘inbox”) presenin mostwork ow managemergystems.
It is the componenusedto assignwork to usersof the system.Throughthe worklist
handleuserscanacceptvork itemsandsignaltheircompletionln traditionalwork ow
systemstheworklist handleris embeddedn thework ow engine.ln YAWL however,
it is consideredo be a servicedecoupledrom the engine.The YAWL web services
broker is the glue betweenthe engineand otherweb servicesNote that it is unlikely
thatweb serviceswill be ableto directly connectio the YAWL engine sincethey will
typically be designedor more generalpurposeghanjust interactingwith a work ow
engine.Similarly, it is desirablenot to adaptthe interface of the engineto suit spe-
ci ¢ servicesptherwise this interfacewill needto caterfor an undetermineachumber
of messagdypes.Accordingly, the YAWL web servicesbroker actsasa mediatorbe-
tweenthe YAWL engineandexternalweb servicegshatmay be invoked by the engine
to delggatetasks(e.g.delegatinga “payment”taskto anonline paymentservice).The
YAWL interoperabilitybroker is a servicedesignedo interconnectlifferentwork ow
enginesFor example,a taskin one systemcould be subcontractedo anothersystem
wherethetaskcorrespond$o a whole processTo illustratethatthereis nota x edset
of YAWL servicesveincludeda customYAWL service A customserviceconnectshe
enginewith anentity in the environmentof the system For examplea customYAWL
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Fig. 3. YAWL architecture.

servicecould offer communicatiorwith mobile phonesprinters,assemblyobots,etc.
Notethatit is alsopossiblethattherearemultiple servicef the sametype,e.g.multi-
ple worklist handlersweb servicesrokers,andinteroperabilitybrokers.For example,
theremay exist multiple implementation®f worklist handlers(e.g.,customizedor a
speci ¢ applicationdomainor organization)andthe sameworklist handlermaybe in-
stantiatednultiple times(e.qg.,oneworklist handlermpergeographicategion).

Work ow speci cationsare manageddy the YAWL repositoryand work ow in-
stancedi.e. casespremanagedy the YAWL engine.Clearly, thereis alsoa needfor
amanagemertbol thatcanbeusedto controlwork ow instancesnanually(e.g.delet-
ing awork ow instanceor a work ow speci cation), providing informationaboutthe
stateof runningwork ow instancesand detailsor aggreyateddataaboutcompleted
instancesThisis therole of the YAWL manajer.

Figure 3 alsoshaws the variousinterfacesof YAWL. The YAWL enginehastwo
groupsof interfaces:(A) interfacescapturingthe interactionsbetweenthe YAWL de-
signerandthe YAWL managepntheonehand,andthe YAWL engineontheother;and
(B) interfacescapturingtheinteractiondetweerthe YAWL servicesandthe YAWL en-
gine. Thegroupof interfaces(A) corresponds$o Interfacel (Proces®e nition tools)
and Interface5 (Administrationand Monitoring tools) of the referencemodel of the
Work ow Managemen€oalition (WfMC) [15,9]. The groupsetof interfaces(B) cor
respondgo WfMC's Interface2-3 (Work ow Client ApplicationsandInvoked Appli-



cations),and Interface4 (Work ow Interoperability).Both interfaces(A and B) are
speci edin WSDL. Usersinteractwith the YAWL systemthrougha Web browser i.e.
boththe YAWL managerandthe YAWL worklist handleroffer HTML front-ends.

Whenconsideringhe YAWL architecturghereis onefundamentatlifferencewith
respecto existingwork ow managemerdystemsThe YAWL enginedealswith control-
“ow anddatabut notexplicitly with usersln addition,theengineabstractsrom differ-
encedetweerusersapplicationsprganizationsetc. To achievethis,the YAWL system
leveragesprinciplesfrom service-orientedarchitecturesexternal entities either offer
servicesor requireservicesln atraditionalwork ow managemenrgystemthe engine
takescareof the 'What', "When', "How', and By whom'. In YAWL, the enginetakes
careof the "What' and "When' while the YAWL servicestake careof the 'How' and
"By whom'. By separatingheseconcernst is possibleto implementa highly ef cient
enginewhile allowing for customizedunctionality. For example,it is possibleto build
worklist handlerssupportingspeci ¢ organization®r domainsg.g.,processewherea
teamof professionalsvork onthe sameactivity atthesametime. It shouldbenotedthat
thearchitectureof YAWL is similarto thearchitecturesrvisionedin the context of web
servicecompositionanguage$ike BPELAWS WSCI,BPML, etc.However, thesdan-
guagedypically only considercontrol routing anddatatransformationswhile YAWL
is not limited to theseaspectandalsoaddressessuessuchaswork distribution and
management.

Implementatiomotes. Althoughthe currentimplementatiorof YAWL is completein
thesensahatit is ableto runwork ow instancesit doesnotprovideall thecomponents
andfunctionality describedn Figure 3. The YAWL engineis fully implementedThe
YAWL designelis underdevelopmentandat presenbnly supportghe speci cationof
control- av aspectsThe YAWL managehasnotbeenimplemented/et. Of the YAWL
serviceonly the YAWL worklisthandleiis realized Theimplementatiorhasbeendone
in Java and usesXML-basedstandardsuchas XPath, XQuery, and XML Schema.
The designeris implementedusing Jgraph:an opensourcegraphicallibrary (www.
jgraph.com ). The YAWL enginerelieson JDom(www.jdom.org ) for evaluating
XPath expressionsSaxon(saxon.sourceforge.net ) for XQuery support,and
Xerces(xml.apache.org/xerces- j ) for XML schemasupport.

5 YAWL perspectves

This sectiondiscusseshreekey perspecties: (1) the control- ov perspectie, (2) the
dataperspectie,and(3) theoperationaperspectie. The rst two perspectiesarefully
implementedandaresupportedy the YAWL engine.The operationaperspectie cor
respondgo the YAWL servicesidenti ed in the previous sectionandis only partly
realized.

5.1 Control- o w perspective

The control- ov perspectie of YAWL focuseson the orderingof tasks.The building
blocksofferedby YAWL have beenbrie y discussedn Section3 andaredepictedin



Figurel. Therearethreefeaturesofferedby YAWL notpresenin mostwork ow lan-

guages(1) the OR-join task, (2) multiple instancesf a task (atomic or composite),
and(3) the “remove tokens” task (i.e., cancellationof a region). Therefore we focus
on thesethree.Let us rst focuson the realizationof the OR-join. Listing 1 showvs

Listing 1 Listing 2
1 <task id="register"> 1 <task id="pay">
2 <name>Collect information 2 <name>Book flight</name>
3 from customer</name> 3 <flowsInto>
4 <flowsInto> 4 <nextElementRef id="end"/>
5 <nextElementRef 5 </flowsInto>
6 id="flight"/> 6 <join  code="or"/>
7 <predicate> 7 <split  code="and"/>
8 /data/want_flight = 'true' <startingMappings>
9 </predicate> 9
10 <isDefaultFlow/> 10 </startingMappings>
1 </flowsInto> 1 <decomposesTo id="pay"/>
2 <flowsInto> 12 <[task>
13 <nextElementRef id="hotel"/>
14 <predicate>/data/want_hotel = 'true'</predicate>
15 </flowsInto>
16 <flowsInto>
17 <nextElementRef id="car"/>
18 <predicate>/data/want_car = 'true'</predicate>
19 </flowsInto>
20 <join  code="and"/>
21 <split  code="or"/>
2 <startingMappings>
23 <mapping>
24 <expression  query="/data/customer"/>
2 <mapsTo>customer</mapsTo>
26 </mapping>
27 </startingMappings>
28 <completedMappings>
29 <mapping>
30 <expression  query="/data/customer"/>
31 <mapsTo>customer</mapsTo>
32 </mapping>
3 <mapping>
3 <expression  query="/data/want_flight"/>
35 <mapsTo>want_flight</mapsTo>
36 </mapping>
37
38 </completedMappings>
39 <decomposesTo id="register"/>

40 </task>

the de nition of taskregisterin Figure2(a). The nameelementprovidesthe nameof
the task, the three owslinto elementscorrespondo the three outgoingarcs,the join



elementshaws thatthe taskis an AND-join?, the split elementshaws that the taskis
an OR-split, the startingMappingslementlists the dataelementghatareinput to the
task,thecompletedMappingslementists thedataelementshatareprovidedasoutput
by the task,andthe decompose®lelementrefersto the actualde nition of the task
(whichwe call its “decomposition”).Note that eachtaskelementrefersto a decompo-
sition element.The decompositiorelementcan de ne an atomictaskor a composite
task.Multiple taskelementscanrefer to the samedecompositiorelementto allow for
reuseListing 2 shavs thetaskelementfor the corresponding@R-join. Althoughfrom
a syntacticalpoint of view the OR-join is easyto realize,it is farfrom trivial to realize
the correspondindunctionality. In the classicalXOR-join the ow continuesafterthe
rst input. In the classicalAND-join the ow waits for all inputs. The complicating
factoris that the OR-join sometimeshasto synchronizeand sometimesiot (or only
partially). In theexampleshavn in Figure2(a)it is fairly easyto seewhento synchro-
nize, e.g.,simply countthe numberof bookingsenabledandthencountbackto zero
for every bookingthatis completedHowever, in a generakensehis stratey doesnot
work, becauseherecanbe multiple splits (of all types)correspondingo an OR-join.
Thesemanticadoptedoy YAWL is thatan OR-join waits until no moreinputscanar-
rive atthejoin. To make surethatthe semanticarewell de ned, i.e., have a x-point,
we excludeotherOR-joinsasindicatedin [3]. See[14] for amoreelaborateliscussion
on thetopic. As far aswe know, YAWL is the rst engineimplementingthis strateyy
withoutaddingadditionalconstraintsuchasexcludingloops,etc. Froma performance
point of view, the OR-join is quite expensve (the systemneedsto calculateall possi-
ble futuresfrom the currentstate).To improve performancethe OR-join conditionis
evaluatedonly if strictly necessary

A secondfeaturewhich distinguishesyAWL from mary existing languagess the
ability to have multiple instance®f atomic/compositéasks.Figure2(b) shavs an ex-
ampleof this. Thecompositaaskdo._itinerary_segmenthasadditionalelementgo con-
trol the numberof instancegminimum maximum threshold and creationmodg and
elementgo controlthedata ow. Againthesyntaxis fairly straightforvardbut thereal-
izationin the YAWL engineis not. Notethatmultipleinstanceganbenestedarbitrarily
deepandit becomegyuitedif cult to separat@andsynchronizenstances.

A third featureworth noting is the cancellationof a region, i.e., removing tokens
from selectedpartsof the speci cation. In Figure 2(c) task cancelcontainsfour re-
movesbkenselementso emptythe part of the speci cationshavn. The cancellation
functionality is easyto realizein the engine.The biggestchallengeis to allow for an
easywayto indicatearegionin the YAWL designerAt this pointin time we areexper
imentingwith variousinteractionmechanismso allow for a genericyet intuitive way
to demarcatsuchregions.Conditionbooking.in_processn Figure2(c) alsoillustrates
that YAWL supportsthe Deferredchoice pattern.Note that the decisionto cancelis
madeby the externalentity executingtaskcance| andnot by the work ow engine.In
traditionalwork ow systemssuch“deferred”or “environment-driven’ choicesarenot
possibleall decisionsaremadeby the systembasedn dataasthe XOR-splitandOR-
split constructdo. The notion of deferredchoicehasbeenadoptedby new languages
like BPEL (seepick construcin [7]) andBPML (seechoiceconstructn [5]).

% Thisis notrelevantin this examplesincethereis only oneincomingarc.
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5.2 Data perspective

Althoughtheinitial focusof YAWL wason control ow, it hasbeenextendedto offer
full supportfor thedataperspecitie.lt is possibleto de ne dataelementsandusethem
for conditionalrouting, for the creationof multiple instancesfor exchanginginforma-
tion with the ervironment,etc. Most of the existing work ow managemensystems
usea proprietylanguagedor dealingwith data.YAWL is oneof thefew languageshat
completelyrelieson XML-basedstandarddik e XPathandXQuery:.

Listing 3 Listing 4
<rootNet id="make_trip"> 1 <decomposition id="register"
<localVariable 2 xsi:type=
name="customer"> s "WebServiceBrokerFactsType">
<type>xs:string</type> 4 <inputParam  name="customer">
<initialValue> 5 <type>xs:string</type>
Type name of customer 6 </inputParam>
7
8
9

</initialValue> <outputExpression query=
</localVariable> "/data/customer"/>
<localVariable name= <outputExpression query=
"payment_account_number"> 10 "/data/start_date"/>

<type>xs:string</type> 11
</localVariable> 2 <outputExpression query=
.. 13 "/data/want_flight"/>
<localVariable name= 14

"want_flight"> 15 <outputParam name=

<type>xs:boolean</type> 16 "customer">
</localVariable> 17 <type>xs:string</type>
<localVariable name= 18 </outputParam>
"want_hotel"> 19 <outputParam name=

<type>xs:boolean</type> 20 "start_date">
</localVariable> 2 <type>xs:dateTime</type>
<localVariable name= 2 </outputParam>
"want_car"> 23 .

<type>xs:boolean</type> 2 <outputParam name=
</localVariable> 25 "want_flight">
<localVariable name= 2 <type>xs:boolean</type>
"flightDetails"> 27 </outputParam>

<type>xs:string</type> 28
</localVariable> 29 </decomposition>

Listing 3 shavs the declarationof variablesfor the exampleshavn in Figure2(a).
Using the elementlocalVariable it is possibleto add typed variablesto the top-level
work ow. For example,lines 2-7 de ne the variablefor storingthe nameof the cus-
tomer Thetype of this variableis string andaninitial valueis de ned. Eachdecompo-
sition of ataskinto a work ow may alsohave local\ariable elementsVariablesat the
higherlevel canbe passedntothelower level. Listing 4 shovs the decompositiorof
taskregisterreferredto in Figure2(a). As shawvn in lines 3-6 of Listing 4, thereis an
input parametenamedcustomer Taskregister mapsdataresidingat the higherlevel



ontothisinputparameteatthelowerlevel (i.e.,in thedecompositionasshovnin lines
23-280f Listing 1. After completingthetask,dataatthelower level is passento the
higherlevel. For example,lines 24-27 of Listing 4 declarethe parametewant ight .
Thedatafor this parameters determinedn lines 12-130f Listing 4. After completing
thedecompositionthis resultis mappedntothevariablewant ight atthehigherlevel
(seelines 35-36 of Listing 1). Note thatthe expressionshowvn in line 35 of Listing 1
andthe expressiorshowvn in line 12-130f Listing 4 are XPath expressiongo accessa
node.However, arbitrarily complex transformationsire permittedhere,usingthe full
expressve power of XQuery. Moreover, parametersnay be optionalor mandatory

If ataskis anOR-splitor XOR-split, predicateelementsareusedo specifyBoolean
expressionslines7-10,line 15,andline 19in Listing 1 specifytheoutputconditionsof
taskregister(onefor eachoutgoingarc).In the caseof an OR-splitor XOR-split, there
is always a default indicatedby the elementisDefaultFlow(cf. line 10 in Listing 1).
If all predicate®valuateto false,this arcis chosentherebyactinglike an“otherwise”
branch.n the exampleof Figure2(a),at leastoneof thethreebookingtasksshouldbe
executed.To ensurethis, a “ight is booked if noneof the predicatesvaluatego true.
To allow thepossibilitythatnoneof thethreebookingtasksis executed pneshouldadd
anarcdirectly from taskregisterto eitherpay or the outputcondition. This would then
be setto bethedefaultarc.For an XOR-split eachpredicateneedso have anordering
attribute thatis usedin casemultiple predicatesvaluateto true. If predicatesarenot
mutually exclusive, the onewith thelowestnumberthatevaluatego trueis selected.

Fromthe viewpoint of data,the handlingof multiple instancess far from trivial.
Considerfor exampleFigure2(b), the subprocesss executedfor eachsegmentof the
itinerary andthusthereis datafor eachseggment(destinationstart date, ight _details,
etc.). Thenumberof instancegreatedout alsothe maximum,minimum,andthreshold
mayall dependn data.Dataatthe higherlevel needgo be split overtheinstancesand
aftercompletionof theinstancesggreyatedto dataelementsat the higherlevel. Again
XQueryis usedto mapdatafrom the higherlevel to thelower level andvice versa.

5.3 Operational perspective

As discussedn Section4, the YAWL engineinteractswith its ervironmentby means
of acollectionof “YAWL services”which areresponsibldor handlingtheoperational
andtheresourceperspectiesof work ow speci cations aswell asfor supportingcom-
municatiorbetweerdifferentYAWL enginesA deploymentof the YAWL systeris ex-
pectedto includea numberof pre-tuilt YAWL servicesThe YAWL worklist handler
web servicebroker, andinteroperabilitybroker mentionedin Section4 are examples
of suchpre-huilt servicesimportantly all YAWL servicesarerequiredto implementa
commonWSDL interface!, andreciprocally the YAWL engineprovidesa singleinter-
facefor all YAWL servicesThesenterfacesde ne messageypesfor:

— Atomictaskdecompositiommanagementegisteringandun-registeringatomictask
decompositioninto YAWL services.

4 We usetheterminologyof WSDL version2.0ratherthanversioni.1.



— Atomic taskinstancemanagementreatingtaskinstancesnotifying the startand
completion(whethersuccessfubr not) of taskinstancescancelingtaskinstances,
andprobingthe statusof ataskinstance.

— Work ow instancemanagementcreating,monitoring,andinteractingwith work-
“ow instances.

— YAWL servicexonnectiormanagementegisteringandun-registeringY AWL ser
vices,reportingandprobingthe availability of YAWL services.

Whenanew YAWL work ow speci cationis deployed,the YAWL engineregisters
eachof theatomictaskdecompositionncludedin this speci cation,with atleastone
YAWL service Eachtaskdecompositiorindicatesthe YAWL service(swith which it
hasto beregistered.In the settingof the travel preparatiorexample,onepossiblesce-
nario is that the tasksregister, ight, andhotel areto be registeredwith the worklist
service while thetaskpayis to beregisteredwith the YAWL webservicesbroker (e.g.
the payments handledby an externalpaymentservice).If theseregistrationsaresuc-
cessfulthe YAWL engineis thenableto createinstance®f thesetasks.Unsuccessful
taskregistrationsleadto errorsandthe YAWL enginereportsbacktheseerrorsto the
YAWL designeior the YAWL managerThe deploymentof awork ow speci cationis
only consideredo be successfulf all the registrationsof taskdecompositionsn the
speci cation, are successfulOtherwise the deploymentis abortedandary registered
taskdecompositionsreunrayistered.

As aminimum,ataskdecompositiospeci esthetask'sinputandoutputdatatypes.
It may specify otherinformationdependingon the natureof the YAWL servicewith
whichthetaskwill beregisteredin the caseof tasksthat are registeredwith a worklist
service thetaskdecompositiommustspecifythe role(s)thatareableto view instances
of thistaskandtherole(s)thatareableto pick instance®f this taskfrom the worklist.

In the caseof a webservicebroker, thetaskdecompositioomustinclude:

1. A WSDL interfaceand SQAP binding of theweb serviceWSthatthe broker must
invoke whendispatchinganinstanceof this task.

2. A mappingbetweerthe taskmanagemenbperationof the YAWL servicesnter-
faceandtheoperationsn theinterfaceof WS Usingthis information,thewebser
vice broker canexploit the functionality provided by the Web Servicednvocation
Framevork (http://ws.apache.grfwsif) in orderto interactwith WS

In the settingof the travel preparatiorwork ow, andassuminghatthe taskpayis
delggatedto a paymentservice(say P9, the decompositiorof this taskmustprovide
theWSDL interfaceandbindingfor PS andatableindicatingthatfor example:

— OperationCreateBskinstancef thecommonYAWL servicednterfaceis mapped
to operationinitiateOnlineRymentof PSservice.

— OperatiorOnlineRaymentinitiatedf PSmapsto operationlaskStarteaf the YAWL
servicednterface.

— OperationOnlineRymentCompletedf PS mapsto operationTaskCompleteabf
the YAWL servicednterface.

— OperationCancelBskof thecommonYAWL servicesnterfacemapsto operation
CancelRymenbof PS



Thesemappingsshouldalso specifyhow the input dataof one operationmapsto
theinput dataof the otheroperationandsamefor the outputdata.

To beregisteredwith a YAWL interoperability broker service ataskdecomposition
TD mustspecify: (i) theidenti er of the YAWL engineto which instancef this task
will bedelegated{ii) thenameof the YAWL procesdo beinstantiatedvhenaninstance
of thetaskis createdf{iii) a mappingbetweertheinputdataof the Createfiskinstance
operationandthe input dataof the procesgo be instantiatedand (iv) a similar map-
ping for the outputdata.Whenaninstanceof TD is createdtheinteroperabilitybroker
createsaninstanceof the designategbrocessn a possiblyremoteYAWL engine(using
thework ow instancemanagemertperation®f the YAWL servicesnterfaces)When
this work ow instancecompletesthe interoperabilitybroker collectsthe outputdata,
convertsthemusingthe mappinggiven whenthe task decompositionwas registered,
andreturnsthemto the YAWL enginethattriggeredthe instantiationof TD. Notethat
this processnteroperabilitymodelassumeshatno communicatioroccursbetweerthe
creationand completionof a processnstancelt is ervisagedthatthe YAWL system
will beextendedo supportcommunicatiorbetweerrunningprocessnstances.

6 Example and on-line demonstration
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Fig. 4. Exampleof a YAWL process.



This sectionillustratesthe currentimplementatiorof YAWL usinga small exam-
ple thatcanbe downloadedandrunfrom the YAWL sitewww.citi.qut.edu.au/
yawl/ . Figure4 shaws the life-cycle of a musicianfrom the viewpoint of a record
compary. The goalof this playful exampleis not to showv arealisticbusinesscenario
but an easyto understandxampleshowving the main conceptsThe top-level process
startswith a choicebetweendoing an auditionor rst learningto play aninstrument
(Pattern4: Exclusive choice).The musiciancanlearnmultiple instrumentdn parallel
(Pattern15: Multiple instanceswithout a priori runtime knowledge)followed by the
decisionto join a bandor to go solo (Pattern16: Deferredchoice).In both casesmul-
tiple songsmay be written (againPattern15) and/ora live performances given after
which the musiciangetsa contract(Pattern6:; Multi-choice/Rattern7: Synchronizing
memge). The auditioncanfail and,if so,the musiciantries againor continuedearning
to play instrumentgPattern5: Simple memge/Rattern16: Deferredchoice/Rttern10:
Arbitrary cycles).Eventuallythe musicianendsup makinga record.This is modeled
by a compositetask (Make Recod) containinga loop in which multiple songscanbe
recorded(seelower-level processn Figure4). The subprocessisesPattern5: Simple
meige, Pattern16: Deferredchoice,andPattern15: Multiple instancesvithout a priori
runtimeknowledge After completingthe subprocesm parallela choiceis madeanda
sequencés executedfollowedby asynchronizatioriPattern2: Parallelsplit/Pattern16:
Deferredchoice/Ritternl: Sequence/&ttern7: Synchronizingnemge)thuscompleting
the YAWL speci cation.

Figure 4 doesnot show the dataperspectie (which is speci ed separately)The
dataperspectie of thiswork ow speci cationstateghatmusicianshave aname songs
have atitle, etc.Additionally, in thecaseof thecompositdaskMake Recod which will
be instantiatedmultiple times, the dataperspectie speci es the effective parameters
thatwill be passedo eachinstancge.g.anexpressiorfor computingthe actualname
andotherpropertiesof agivensong).

Fig. 5. Screenshotef the currentYAWL managerworklist handler anda dataentry form.



Figure5 shovs somescreenshotsf the tool while executingseveral instanceof
the YAWL speci cation of Figure4. The worklist of "Wil vander Aalst' is shavn in
the bottomwindow. The left window shaws the currentYAWL manageishaving the
active work ows, active casesandusersTheright window shavs aninterfaceto enter
data.This is still ratherprimitive. Futureversionsof YAWL are expectedto support
interactve forms.

7 Conclusion

In this paperwe presentedhe designandimplementatiorof the YAWL system.The
YAWL systemfully supportsthe YAWL languagewhich is basedon an analysisof
morethan30work ow systemslanguagesndstandardsTheexpressvenes®f YAWL
leadsto challengingmplementatiorproblemssuchasdealingwith multiple instances,
adwancedsynchronizatiormechanismsand cancellationcapabilities We considerthe
currentversionof YAWL asa proof of concepffor the languagdntroducedin [3]. In
ouropinionary proposedanguageshouldbe supportedy atleastarunningprototype
in additionto a formal de nition [3]. Too mary standardsand languagesave been
proposedvhichturnoutto have semantigroblems.

At this pointin time we areimplementingthe architectureshavn in Figure 3. As
indicatedin Section4, the currentversionof the implementationprovidesthe basic
functionality of awork ow system but not all the component®f thearchitecturéhave
beenrealized.One of the mostchallengingissuesis to ne-tune the de nition of the
interactionsbetweenthe engineand the YAWL services.Other directionsfor future
effort include testingthe languageand systemagainstcomple< applicationscenarios
and studyingthe possibility of using YAWL asan intermediatdanguageto facilitate
thedevelopmenbf mappingsetweenvariousbusinesprocessexecutionlanguages.

Both the executableandsourcef YAWL canbe downloadedfrom www.citi.
qut.edu.au/yawl . YAWL is anopensourcenitiative andthereforevelcomeson-
tributionsfrom third partieswhich couldrangefrom dedicatedrAWL servicedo alter
native graphicaleditorsor evenalternative implementation®f theengineitself.
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