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Abstract. Thispaperdescribestheimplementationof asystemsupportingYAWL
(YetAnotherWork�o w Language).YAWL is basedon a rigorousanalysisof ex-
isting work�o w managementsystemsandrelatedstandardsusinga comprehen-
sive setof work�o w patterns.This analysisshows that contemporarywork�o w
systems,relevant standards(e.g.XPDL, BPML, BPEL4WS),but also theoreti-
cal modelssuchasPetri netshave problemssupportingessentialpatterns.This
inspiredthedevelopmentof YAWL by takingPetrinetsasastartingpointandin-
troducingmechanismsthatprovidedirectsupportfor thework�o w patternsiden-
ti�ed. As a proof of conceptwe have developeda work�o w managementsystem
supportingYAWL. In this paper, we presentthearchitectureandfunctionalityof
thesystemandzoominto thecontrol-�ow, data,andoperationalperspectives.

1 Intr oduction

In theareaof work¯ow oneis confrontedwith aplethoraof products(commercial,free
andopensource)supportinglanguagesthat differ signi�cantly in termsof concepts,
constructs,andtheir semantics.Oneof the contributing factorsto this problemis the
lackof acommonlyagreeduponformal foundationfor work¯ow languages.Standard-
izationefforts,e.g.XPDL [20] proposedby theWfMC, have essentiallyfailedto gain
universalacceptanceandhave not in any caseprovidedsucha formal basisfor work-
¯ow speci�cation.Thelackof well-groundedstandardsin thisareahasinducedseveral
issues,including minimal supportfor migrationof work¯ow speci�cations,potential
for errorsin speci�cationsdueto ambiguities,andlack of a referenceframework for
comparingthe relative expressive power of differentlanguages(thoughsomework in
this areais reportedin [13]).

Thework¯ow patternsinitiative[4] aimsatestablishingamorestructuredapproach
to the issueof the speci�cationof control ¯ow dependenciesin work¯ow languages.
Basedon ananalysisof existing work¯ow managementsystemsandapplications,this
initiative identi�ed a collectionof patternscorrespondingto typical control ¯ow de-
pendenciesencounteredin work¯ow speci�cations,anddocumentedwaysof capturing
thesedependenciesin existing work¯ow languages.Thesepatternshave beenusedas
a benchmarkfor comparingprocessde�nition languagesand in tenderingprocesses
for evaluatingwork¯ow offerings.Seewww.workflowpatterns.com for exten-
sive documentation,̄ashanimationsof eachpattern,andevaluationsof standardsand
systems.



While work¯ow patternsprovide a pragmaticapproachto control ¯ow speci�ca-
tion in work¯ows,Petrinetsprovidea moretheoreticalapproach.Petrinets[17] form
a modelfor concurrency with a formal foundation,anassociatedgraphicalrepresenta-
tion, anda collectionof analysistechniques.Thesefeatures,togetherwith their direct
supportfor thenotionof state(requiredin someof thework¯ow patterns),makesthem
attractive asa foundationfor control ¯ow speci�cation in work¯ows. However, even
thoughPetri nets(including higher-orderPetri netssuchas ColoredPetri nets[12])
supporta numberof the identi�ed patterns,they do not provide directsupportfor the
cancellationpatterns(in particularthe cancellationof a whole caseor a region), the
synchronizingmergepattern(whereall active threadsneedto bemerged,andbranches
which cannotbecomeactive needto be ignored),andpatternsdealingwith multiple
active instancesof the sameactivity in the samecase[2]. This realizationmotivated
thedevelopmentof YAWL [3] (Yet AnotherWork¯ow Language)whichcombinesthe
insightsgainedfrom thework¯ow patternswith thebene�tsof Petrinets.It shouldbe
notedthoughthatYAWL is not simply a setof macrosde�ned on top of Petrinets.Its
semanticsis notde�ned in termsof Petrinetsbut ratherin termsof a transitionsystem.

As alanguagefor thespeci�cationof control¯ow in work¯ows,YAWL hastheben-
e�t of beinghighly expressive andsuitable,in thesensethat it providesdirectsupport
for all the work¯ow patterns,while the reviewed work¯ow languagesprovide direct
supportfor only asubsetof them.In addition,YAWL hasaformalsemanticsandoffers
graphicalrepresentationsfor many of its concepts.Theexpressivepowerandformalse-
manticsof YAWL makeit anattractivecandidateto beusedasanintermediatelanguage
to supporttranslationsof work¯owsspeci�edin differentlanguages.

WhenYAWL was �rst proposedno implementationwasavailable.Recently, im-
plementationefforts have resultedin a �rst versionof a prototypesupportingYAWL.
With respectto thevariousperspectivesfrom whichwork¯owscanbeconsidered(e.g.
control-¯ow, data,resource,andoperational[11]), YAWL initially focusedexclusively
on the control ¯ow perspective. Subsequently, a novel approachfor dealingwith the
dataperspectivehasbeendesignedandincorporatedinto theprototype.In addition,an
approachhasbeendesigned(althoughnotyetimplemented)to dealwith theoperational
perspectiveon thebasisof a service-orientedarchitecture.

Thispaperdiscussessalientaspectsandissuesrelatedto thedesignandimplemen-
tationof theYAWL system,includingtheproposedextensionsfor dealingwith thedata
andoperationalperspectives.In short,themaincontributionsof thepaperare:

– A discussionof theimplementationof thecontrol¯ow perspectiveof YAWL;
– A discussionof thedataperspectiveof YAWL andits implementation;
– A discussionof aproposalfor theincorporationof theoperationalperspective into

YAWL throughtheuseof a service-orientedarchitecture.

The remainderof the paperis organizedasfollows. After a brief overview of re-
latedwork we introducethe YAWL language.Section4 describesthe architectureof
theYAWL systemandmotivatesdesigndecisions.Section5 discussesthecontrol-¯ow,
data,andoperationalperspectivesin moredetail.Section6 brie¯y discussesanexam-
ple.Section7 concludesthepaper.



2 Relatedwork

YAWL [3] is basedona line of researchgroundedin Petrinettheory[1,13] andthe20
work¯ow patternsdocumentedin [4]. In previouspublicationswe have evaluatedcon-
temporarysystems,languages,andstandardsusingthesepatterns.An analysisof 13
commercialwork¯ow offeringscanbe found in [4] while an analysisof 10 work¯ow
languagesproposedby theacademiccommunityis describedin [3]. Commercialsys-
temsthathave beenevaluatedincludeLey COSA, Filenet's VisualWork¯ow, SUN's
FortéConductor, LotusDominoWork¯ow, IBM MQSeries/Work¯ow, Staffware,Verve
Work¯ow, Fujitsu's I-Flow, TIBCO InConcert,HP Changengine,SAP R/3 Work¯ow,
Eastman,andFLOWer. Examplesof academicprototypesthathave beenevaluatedus-
ing thepatternsareMeteor, Mobile [11], ADEPT¯ex [18], OPEN¯ow, Mentor[21], and
WASA [19]. For ananalysisof UML activity diagramsin termsof (someof) thepat-
terns,wereferto [8]. BPEL4WS,aproposedstandardfor webservicecomposition,has
beenanalyzedin [22]. Analysesof BPMI's BPML [5] andWfMC's XPDL [20] using
the patternsarealsoavailablevia www.workflowpatterns.com . In total, more
than30 languages/systemshave beenevaluatedandtheseevaluationshave driventhe
developmentof theYAWL language.Given that this paperfocuseson thedesignand
implementationof theYAWL system,we will not discussthesepreviousevaluations,
referringthereaderto theabovecitations.

As anopensourcework¯ow system,YAWL joins theranksof asigni�cant number
of previousinitiatives:18opensourcework¯ow systemsarereportedin [16]. Again,the
distinctive featureof YAWL with respectto thesesystemsis in thecombinationof its
expressive power, formal foundation,andsupportfor graphicaldesign,complemented
by its novel approachto dealwith thedataandtheoperationalperspectiveof work¯ow
by leveragingemergingXML andWebservicestechnologies.

3 YAWL language

Beforedescribingthe architectureand implementationof the YAWL system,we in-
troducethedistinguishingfeaturesof YAWL. As indicatedin theintroduction,YAWL
is basedon Petri nets.However, to overcomethe limitations of Petri nets,YAWL has
beenextendedwith featuresto facilitatepatternsinvolvingmultipleinstances,advanced
synchronizationpatterns,andcancellationpatterns.Moreover, YAWL allows for hier-
archicaldecompositionandhandlesarbitrarily complex data.

Figure1 shows the modelingelementsof YAWL. At the syntacticlevel, YAWL
extendstheclassof work¯ow netsdescribedin [1] with multiple instances,composite
tasks,OR-joins,removal of tokens,anddirectly connectedtransitions.YAWL is thus
inspiredby Petri nets,but is not just a macropackagebuilt on top of high-level Petri
nets:it is a completelynew languagewith its own semanticsandspeci�cally designed
for work¯ow speci�cation.

A work�ow speci�cationin YAWL is a setof processde�nitions which form a hi-
erarchy. Tasks1 areeitheratomictasksor compositetasks. Eachcompositetaskrefers

1 We usethe termtaskratherthanactivity to remainconsistentwith earlierwork on work�o w
nets[1].



to aprocessde�nition ata lower level in thehierarchy(alsoreferredto asits decompo-
sition). Atomic tasksform the leavesof thegraph-like structure.Thereis oneprocess
de�nition without a compositetask referring to it. This processde�nition is named
the top level work�ow andforms the root of the graph-like structurerepresentingthe
hierarchyof processde�nitions.

Condition


Input condition


Output condition


Atomic task


AND-split task


XOR-split task


Composite task


Multiple instances

of an atomic task


Multiple instances

of a composite task


OR-split task


AND-join task


XOR-join task


OR-join task


...
 remove tokens


Fig.1. Symbolsusedin YAWL.

Eachprocessde�nition consistsof tasks(whethercompositeor atomic)andcondi-
tionswhich canbeinterpretedasplaces.Eachprocessde�nition hasoneuniqueinput
conditionandoneuniqueoutputcondition(seeFigure1). In contrastto Petri nets,it
is possibleto connect̀ transition-likeobjects'like compositeandatomictasksdirectly
to eachotherwithout usinga `place-like object' (i.e., conditions)in-between.For the
semanticsthis constructcanbeinterpretedasa hiddencondition,i.e., an implicit con-
dition is addedfor everydirectconnection.

Eachtask (either compositeor atomic) can have multiple instancesas indicated
in Figure1. We adoptthenotationdescribedin [1] for AND/XOR-splits/joinsasalso
shown in Figure1. Moreover, we introduceOR-splitsandOR-joinscorrespondingre-
spectively to Pattern6 (Multi choice)andPattern7 (Synchronizingmerge)de�ned in
[4]. Finally, Figure1 shows thatYAWL providesa notationfor removing tokensfrom
a speci�edregiondenotedby dashedroundedrectanglesandlines.Theenablingof the
taskthatwill performthecancellationmayor maynotdependon thetokenswithin the
region to be“canceled”.In any case,themomentthis taskexecutes,all tokensin this
regionareremoved.This notationallows for variouscancellationpatterns.



register

(a) After registering the request for a trip, a flight, a hotel, and/or a car
are booked followed by a payment.

flight

hotel

car

pay

register do_itinerary_
segment

pay

register_itinerary_
segment

flight

hotel prepare_payment_
information

car

(b) A trip may consist of several legs. The sub-process is
instantiated for each leg.

register do_itinerary_
segment

pay

cancel

(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.

booking_in_
progress

Fig.2. ThreeYAWL speci�cations.



To illustrate YAWL we usethe threeexamplesshown in Figure 2. The �rst ex-
ample(a) illustratesthatYAWL allows for themodelingof advancedsynchronization
patterns.Task register is an `OR-split' (Pattern6: Multi-choice) and task pay is an
`OR-join' (Pattern7: Synchronizingmerge).This implies that every registrationstep
is followed by a set of booking tasks�ight , hotel, and/orcar. It is possiblethat all
threebookingtasksareexecutedbut it is alsopossiblethat only oneor two booking
tasksareexecuted.TheYAWL OR-joinsynchronizesonly if necessary, i.e., it will syn-
chronizeonly thebookingtasksthatwereactuallyselected.Note that themajority of
systemsdonotsupporttheSynchronizingmerge(i.e.,Pattern7).A few systemssupport
it (e.g.,IBM' sMQSeriesWork¯ow, LotusDominoWork¯ow, andEastmanWork¯ow)
but restrictits application.For example,in orderto simplify theimplementationof the
OR-join,MQSeriesWork¯ow [10] doesnot supportloops.2.

Figure2(a)doesnotshow thedataaspect.TheYAWL speci�cationfor thisexample
has10variablesrangingfrom thenameof thecustomerto ¯ight details.For therouting
of thecasetherearethreeBooleanvariableswant �ight , want hotel, andwant car to
selectwhichof thebookingtasksneedto beexecuted.

Figure2(b) illustratesanotherYAWL speci�cation. In contrastto the �rst exam-
ple a trip mayincludemultiple stops,i.e., anitinerarymayincludemultiple segments.
For example,a trip may go from Amsterdamto Singapore,from Singaporeto Bris-
bane,from Brisbaneto Los Angeles,and�nally from Los Angelesto Amsterdamand
thus entail four itinerary segments.Eachsegmentmay includea ¯ight (most likely)
but mayalsoincludea hotelbookingor a carbooking(at thedestination).Figure2(b)
shows thatmultiple segmentsaremodeledby multiple instancesof thecompositetask
do itinerary segment. Thiscompositetaskis linkedto theprocessde�nition alsoshown
in Figure2(b).In thecaseof multiple instancesit is possibleto specifyupperandlower
boundsfor thenumberof instances.It is alsopossibleto specifya thresholdfor com-
pletion that is lower thantheactualnumberof instances,i.e., theconstructcompletes
beforeall of its instancescomplete.In the exampleat handthis doesnot make sense
sinceeachsegmentmustbe booked.Anothersettingis availableto indicatewhether
an instancecanbe addedwhile executingotherinstances.In this examplethis would
meanthatwhile bookingsegments,anew segmentis de�nedandaddedto theitinerary.
In thespeci�cationcorrespondingto Figure2(b) we assumethemultiple instancesto
be`static', i.e., aftercompletingtaskregister thenumberof instancesis �x ed.Again,
the diagramdoesnot show the dataaspect.Therearesimilar variablesas in the �rst
example.However, a complicatingfactoris thateachof the instanceswill useprivate
datawhichneedsto beaggregated.We returnto this in Section5.2.For themoment,it
suf�ces to seethatYAWL indeedsupportsthepatternsdealingwith multiple instances
(Patterns12-15).Notethatonly few systemssupportmultiple instances.FLOWer [6] is
oneof thefew systemsdirectlysupportingmultiple instances.

Finally we considertheYAWL speci�cationillustratedin Figure2(c).Again com-
positetaskdo itinerary segmentis decomposedinto the processde�nition shown in
Figure2(b). Now it is however possibleto withdraw bookingsby executingtaskcan-
cel. Taskcancelis enabledif thereis atokenin bookingin progress. If theenvironment
decidesto executecancel,everythinginsidetheregion indicatedby thedashedrectan-

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 systems(e.g.Staffwarehasa cancellationconceptbut a
cancellationcanonly referto a singletaskandnot to anarbitrarysetof tasks).

In this sectionwe illustratedsomeof thefeaturesof theYAWL language.Thelan-
guagehasan XML syntaxand is speci�ed in termsof an XML schema.Seewww.
citi.qut.edu.au/yawl/ for the XML syntaxof the language.In Section5 we
will show somefragmentsof the language.However, beforegoing into detail,we �rst
presentthe`biggerpicture' by describingtheYAWL architecture.

4 YAWL architecture

To supporttheYAWL languageintroducedin theprevioussection,we have developed
a systemusingstate-of-the-arttechnology. In this section,we describethe overall ar-
chitectureof this system,which is depictedin Figure3. Work¯ow speci�cationsare
designedusing the YAWL designerand deployed into the YAWL enginewhich, after
performingall necessaryveri�cations andtaskregistrations,storesthesespeci�cations
in theYAWL repository, which managesa collectionof “runable” work¯ow speci�ca-
tions.Oncesuccessfullydeployed,work¯ow speci�cationscanbeinstantiatedthrough
TheYAWL engine,leadingto work¯ow instances(alsocalledcases).Theenginehan-
dlestheexecutionof thesecases,i.e. basedon thestateof a caseandits speci�cation,
theenginedetermineswhicheventsit shouldoffer to theenvironment.

Theenvironmentof a YAWL systemis composedof so-calledYAWL services. In-
spiredby the“web services”paradigm,end-users,applications,andorganizationsare
all abstractedasservicesin YAWL. Figure3 shows four YAWL services:(1) YAWL
worklisthandler, (2) YAWLwebservicesbroker, (3) YAWL interoperability broker, and
(4) customYAWL services. The YAWL worklist handlercorrespondsto the classical
worklist handler(alsonamed“inbox”) presentin mostwork¯ow managementsystems.
It is the componentusedto assignwork to usersof the system.Throughthe worklist
handleruserscanacceptwork itemsandsignaltheircompletion.In traditionalwork¯ow
systems,theworklist handleris embeddedin thework¯ow engine.In YAWL however,
it is consideredto be a servicedecoupledfrom the engine.The YAWL web services
broker is the glue betweentheengineandotherweb services.Note that it is unlikely
thatwebserviceswill beableto directly connectto theYAWL engine,sincethey will
typically bedesignedfor moregeneralpurposesthanjust interactingwith a work¯ow
engine.Similarly, it is desirablenot to adaptthe interfaceof the engineto suit spe-
ci�c services,otherwise,this interfacewill needto caterfor an undeterminednumber
of messagetypes.Accordingly, theYAWL webservicesbroker actsasa mediatorbe-
tweentheYAWL engineandexternalwebservicesthatmaybeinvokedby theengine
to delegatetasks(e.g.delegatinga “payment” taskto anonlinepaymentservice).The
YAWL interoperabilitybroker is a servicedesignedto interconnectdifferentwork¯ow
engines.For example,a taskin onesystemcould be subcontractedto anothersystem
wherethetaskcorrespondsto a wholeprocess.To illustratethatthereis not a �x edset
of YAWL servicesweincludedacustomYAWL service.A customserviceconnectsthe
enginewith anentity in theenvironmentof thesystem.For examplea customYAWL
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Fig.3. YAWL architecture.

servicecouldoffer communicationwith mobilephones,printers,assemblyrobots,etc.
Notethatit is alsopossiblethattherearemultipleservicesof thesametype,e.g.multi-
ple worklist handlers,webservicesbrokers,andinteroperabilitybrokers.For example,
theremay exist multiple implementationsof worklist handlers(e.g.,customizedfor a
speci�c applicationdomainor organization)andthesameworklist handlermaybein-
stantiatedmultiple times(e.g.,oneworklist handlerpergeographicalregion).

Work¯ow speci�cationsaremanagedby the YAWL repositoryandwork¯ow in-
stances(i.e. cases)aremanagedby theYAWL engine.Clearly, thereis alsoa needfor
amanagementtool thatcanbeusedto controlwork¯ow instancesmanually(e.g.delet-
ing a work¯ow instanceor a work¯ow speci�cation),providing informationaboutthe
stateof runningwork¯ow instances,anddetailsor aggregateddataaboutcompleted
instances.This is theroleof theYAWLmanager.

Figure3 alsoshows the variousinterfacesof YAWL. The YAWL enginehastwo
groupsof interfaces:(A) interfacescapturingthe interactionsbetweentheYAWL de-
signerandtheYAWL managerontheonehand,andtheYAWL engineontheother;and
(B) interfacescapturingtheinteractionsbetweentheYAWL servicesandtheYAWL en-
gine.Thegroupof interfaces(A) correspondsto Interface1 (ProcessDe�nition tools)
and Interface5 (AdministrationandMonitoring tools) of the referencemodelof the
Work¯ow ManagementCoalition(WfMC) [15,9]. Thegroupsetof interfaces(B) cor-
respondsto WfMC's Interface2-3 (Work¯ow Client ApplicationsandInvokedAppli-



cations),and Interface4 (Work¯ow Interoperability).Both interfaces(A and B) are
speci�ed in WSDL. Usersinteractwith theYAWL systemthrougha Webbrowser, i.e.
boththeYAWL managerandtheYAWL worklist handleroffer HTML front-ends.

WhenconsideringtheYAWL architecturethereis onefundamentaldifferencewith
respecttoexistingwork¯ow managementsystems:TheYAWL enginedealswith control-
¯ow anddatabut notexplicitly with users.In addition,theengineabstractsfrom differ-
encesbetweenusers,applications,organizations,etc.To achievethis,theYAWL system
leveragesprinciplesfrom service-orientedarchitectures:external entitieseither offer
servicesor requireservices.In a traditionalwork¯ow managementsystem,theengine
takescareof the`What', `When', `How', and`By whom'. In YAWL, theenginetakes
careof the `What' and`When' while the YAWL servicestake careof the `How' and
`By whom'. By separatingtheseconcernsit is possibleto implementa highly ef�cient
enginewhile allowing for customizedfunctionality. For example,it is possibleto build
worklist handlerssupportingspeci�c organizationsor domains,e.g.,processeswherea
teamof professionalswork onthesameactivity at thesametime.It shouldbenotedthat
thearchitectureof YAWL is similar to thearchitectureenvisionedin thecontext of web
servicecompositionlanguageslikeBPEL4WS,WSCI,BPML, etc.However, theselan-
guagestypically only considercontrol routinganddatatransformations,while YAWL
is not limited to theseaspectsandalsoaddressesissuessuchaswork distribution and
management.

Implementationnotes. Althoughthecurrentimplementationof YAWL is completein
thesensethatit is ableto runwork¯ow instances,it doesnotprovideall thecomponents
andfunctionalitydescribedin Figure3. TheYAWL engineis fully implemented.The
YAWL designeris underdevelopmentandat presentonly supportsthespeci�cationof
control-¯ow aspects.TheYAWL managerhasnotbeenimplementedyet.Of theYAWL
servicesonly theYAWL worklist handleris realized.Theimplementationhasbeendone
in Java and usesXML-basedstandardssuchas XPath, XQuery, and XML Schema.
The designeris implementedusing Jgraph:an opensourcegraphicallibrary (www.
jgraph.com ). TheYAWL enginerelieson JDom(www.jdom.org ) for evaluating
XPath expressions,Saxon(saxon.sourceforge.net ) for XQuery support,and
Xerces(xml.apache.org/xerces- j ) for XML schemasupport.

5 YAWL perspectives

This sectiondiscussesthreekey perspectives:(1) thecontrol-¯ow perspective, (2) the
dataperspective,and(3) theoperationalperspective.The�rst two perspectivesarefully
implementedandaresupportedby theYAWL engine.Theoperationalperspectivecor-
respondsto the YAWL servicesidenti�ed in the previous sectionand is only partly
realized.

5.1 Control-�o w perspective

Thecontrol-¯ow perspective of YAWL focuseson theorderingof tasks.Thebuilding
blocksofferedby YAWL have beenbrie¯y discussedin Section3 andaredepictedin



Figure1. Therearethreefeaturesofferedby YAWL not presentin mostwork¯ow lan-
guages:(1) the OR-join task,(2) multiple instancesof a task(atomicor composite),
and(3) the “remove tokens” task(i.e., cancellationof a region). Therefore,we focus
on thesethree.Let us �rst focus on the realizationof the OR-join. Listing 1 shows

Listing 1

1 <task id="register">
2 <name>Collect information
3 from customer</name>
4 <flowsInto>
5 <nextElementRef
6 id="flight"/>
7 <predicate>
8 /data/want_flight = 'true'
9 </predicate>

10 <isDefaultFlow/>
11 </flowsInto>
12 <flowsInto>
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"/>
22 <startingMappings>
23 <mapping>
24 <expression query="/data/customer"/>
25 <mapsTo>customer</mapsTo>
26 </mapping>
27 </startingMappings>
28 <completedMappings>
29 <mapping>
30 <expression query="/data/customer"/>
31 <mapsTo>customer</mapsTo>
32 </mapping>
33 <mapping>
34 <expression query="/data/want_flight"/>
35 <mapsTo>want_flight</mapsTo>
36 </mapping>
37 ....
38 </completedMappings>
39 <decomposesTo id="register"/>
40 </task>

Listing 2

1 <task id="pay">
2 <name>Book flight</name>
3 <flowsInto>
4 <nextElementRef id="end"/>
5 </flowsInto>
6 <join code="or"/>
7 <split code="and"/>
8 <startingMappings>
9 ...

10 </startingMappings>
11 <decomposesTo id="pay"/>
12 </task>

the de�nition of taskregister in Figure2(a).The nameelementprovidesthe nameof
the task,the three�owsInto elementscorrespondto the threeoutgoingarcs,the join



elementshows that the taskis an AND-join3, the split elementshows that the taskis
anOR-split, thestartingMappingselementlists thedataelementsthatareinput to the
task,thecompletedMappingselementlists thedataelementsthatareprovidedasoutput
by the task,and the decomposesTo elementrefersto the actualde�nition of the task
(which we call its “decomposition”).Notethateachtaskelementrefersto a decompo-
sition element.The decompositionelementcande�ne an atomictaskor a composite
task.Multiple taskelementscanrefer to thesamedecompositionelementto allow for
reuse.Listing 2 shows thetaskelementfor thecorrespondingOR-join.Althoughfrom
a syntacticalpoint of view theOR-join is easyto realize,it is far from trivial to realize
thecorrespondingfunctionality. In theclassicalXOR-join the¯ow continuesafter the
�rst input. In the classicalAND-join the ¯ow waits for all inputs.The complicating
factor is that the OR-join sometimeshasto synchronizeandsometimesnot (or only
partially). In theexampleshown in Figure2(a)it is fairly easyto seewhento synchro-
nize,e.g.,simply countthe numberof bookingsenabledandthencountbackto zero
for everybookingthatis completed.However, in a generalsensethis strategy doesnot
work, becausetherecanbemultiple splits (of all types)correspondingto anOR-join.
Thesemanticsadoptedby YAWL is thatanOR-join waitsuntil no moreinputscanar-
rive at thejoin. To make surethatthesemanticsarewell de�ned, i.e., have a �x-point,
weexcludeotherOR-joinsasindicatedin [3]. See[14] for amoreelaboratediscussion
on the topic. As far aswe know, YAWL is the �rst engineimplementingthis strategy
withoutaddingadditionalconstraintssuchasexcludingloops,etc.Fromaperformance
point of view, theOR-join is quiteexpensive (thesystemneedsto calculateall possi-
ble futuresfrom thecurrentstate).To improve performance,theOR-join conditionis
evaluatedonly if strictly necessary.

A secondfeaturewhich distinguishesYAWL from many existing languagesis the
ability to have multiple instancesof atomic/compositetasks.Figure2(b) shows anex-
ampleof this.Thecompositetaskdo itinerary segmenthasadditionalelementsto con-
trol the numberof instances(minimum, maximum, threshold, andcreationmode) and
elementsto controlthedata¯ow. Againthesyntaxis fairly straightforwardbut thereal-
izationin theYAWL engineis not.Notethatmultipleinstancescanbenestedarbitrarily
deepandit becomesquitedif�cult to separateandsynchronizeinstances.

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-
movesTokenselementsto emptythe part of the speci�cationshown. The cancellation
functionality is easyto realizein the engine.The biggestchallengeis to allow for an
easywayto indicatearegion in theYAWL designer. At thispoint in timeweareexper-
imentingwith variousinteractionmechanismsto allow for a genericyet intuitive way
to demarcatesuchregions.Conditionbooking in processin Figure2(c)alsoillustrates
that YAWL supportsthe Deferredchoicepattern.Note that the decisionto cancelis
madeby theexternalentity executingtaskcancel, andnot by thework¯ow engine.In
traditionalwork¯ow systems,such“deferred”or “environment-driven” choicesarenot
possible:all decisionsaremadeby thesystembasedondataastheXOR-split andOR-
split constructsdo. Thenotionof deferredchoicehasbeenadoptedby new languages
likeBPEL (seepick constructin [7]) andBPML (seechoiceconstructin [5]).

3 This is not relevant in thisexamplesincethereis only oneincomingarc.



5.2 Data perspective

Althoughthe initial focusof YAWL wason control ¯ow, it hasbeenextendedto offer
full supportfor thedataperspective.It is possibleto de�ne dataelementsandusethem
for conditionalrouting,for thecreationof multiple instances,for exchanginginforma-
tion with the environment,etc. Most of the existing work¯ow managementsystems
usea proprietylanguagefor dealingwith data.YAWL is oneof thefew languagesthat
completelyreliesonXML-basedstandardslike XPathandXQuery.

Listing 3

1 <rootNet id="make_trip">
2 <localVariable
3 name="customer">
4 <type>xs:string</type>
5 <initialValue>
6 Type name of customer
7 </initialValue>
8 </localVariable>
9 <localVariable name=

10 "payment_account_number">
11 <type>xs:string</type>
12 </localVariable>
13 ...
14 <localVariable name=
15 "want_flight">
16 <type>xs:boolean</type>
17 </localVariable>
18 <localVariable name=
19 "want_hotel">
20 <type>xs:boolean</type>
21 </localVariable>
22 <localVariable name=
23 "want_car">
24 <type>xs:boolean</type>
25 </localVariable>
26 <localVariable name=
27 "flightDetails">
28 <type>xs:string</type>
29 </localVariable>
30 ...

Listing 4

1 <decomposition id="register"
2 xsi:type=
3 "WebServiceBrokerFactsType">
4 <inputParam name="customer">
5 <type>xs:string</type>
6 </inputParam>
7 <outputExpression query=
8 "/data/customer"/>
9 <outputExpression query=

10 "/data/start_date"/>
11 ...
12 <outputExpression query=
13 "/data/want_flight"/>
14 ...
15 <outputParam name=
16 "customer">
17 <type>xs:string</type>
18 </outputParam>
19 <outputParam name=
20 "start_date">
21 <type>xs:dateTime</type>
22 </outputParam>
23 ...
24 <outputParam name=
25 "want_flight">
26 <type>xs:boolean</type>
27 </outputParam>
28 ...
29 </decomposition>

Listing 3 shows thedeclarationof variablesfor theexampleshown in Figure2(a).
Using the elementlocalVariable it is possibleto add typedvariablesto the top-level
work¯ow. For example,lines 2-7 de�ne the variablefor storingthe nameof the cus-
tomer. Thetypeof this variableis stringandaninitial valueis de�ned.Eachdecompo-
sition of a taskinto a work¯ow mayalsohave localVariableelements.Variablesat the
higherlevel canbepassedonto the lower level. Listing 4 shows thedecompositionof
taskregister referredto in Figure2(a).As shown in lines3-6 of Listing 4, thereis an
input parameternamedcustomer. Taskregister mapsdataresidingat the higherlevel



ontothis inputparameteratthelowerlevel (i.e.,in thedecomposition)asshown in lines
23-28of Listing 1. After completingthetask,dataat thelower level is passedon to the
higherlevel. For example,lines 24-27of Listing 4 declarethe parameterwant �ight .
Thedatafor this parameteris determinedin lines12-13of Listing 4. After completing
thedecomposition,this resultis mappedontothevariablewant �ight at thehigherlevel
(seelines 35-36of Listing 1). Note that the expressionshown in line 35 of Listing 1
andtheexpressionshown in line 12-13of Listing 4 areXPathexpressionsto accessa
node.However, arbitrarily complex transformationsarepermittedhere,usingthe full
expressivepowerof XQuery. Moreover, parametersmaybeoptionalor mandatory.

If ataskis anOR-splitor XOR-split,predicateelementsareusedto specifyBoolean
expressions.Lines7-10,line 15,andline 19in Listing 1 specifytheoutputconditionsof
taskregister(onefor eachoutgoingarc).In thecaseof anOR-splitor XOR-split, there
is alwaysa default indicatedby the elementisDefaultFlow(cf. line 10 in Listing 1).
If all predicatesevaluateto false,this arc is chosen,therebyactinglike an“otherwise”
branch.In theexampleof Figure2(a),at leastoneof thethreebookingtasksshouldbe
executed.To ensurethis, a ¯ight is bookedif noneof thepredicatesevaluatesto true.
To allow thepossibilitythatnoneof thethreebookingtasksis executed,oneshouldadd
anarcdirectly from taskregisterto eitherpayor theoutputcondition.Thiswould then
besetto bethedefault arc.For anXOR-split eachpredicateneedsto haveanordering
attribute that is usedin casemultiple predicatesevaluateto true. If predicatesarenot
mutuallyexclusive,theonewith thelowestnumberthatevaluatesto trueis selected.

From the viewpoint of data,the handlingof multiple instancesis far from trivial.
Considerfor exampleFigure2(b), thesubprocessis executedfor eachsegmentof the
itineraryandthusthereis datafor eachsegment(destination,start date,̄ ight details,
etc.).Thenumberof instancescreatedbut alsothemaximum,minimum,andthreshold
mayall dependondata.Dataat thehigherlevel needsto besplit over theinstancesand
aftercompletionof theinstancesaggregatedto dataelementsat thehigherlevel. Again
XQueryis usedto mapdatafrom thehigherlevel to thelower level andviceversa.

5.3 Operational perspective

As discussedin Section4, theYAWL engineinteractswith its environmentby means
of acollectionof “YAWL services”,whichareresponsiblefor handlingtheoperational
andtheresourceperspectivesof work¯ow speci�cations,aswell asfor supportingcom-
municationbetweendifferentYAWL engines.A deploymentof theYAWL systemis ex-
pectedto includea numberof pre-built YAWL services.TheYAWL worklist handler,
web servicebroker, andinteroperabilitybroker mentionedin Section4 areexamples
of suchpre-built services.Importantly, all YAWL servicesarerequiredto implementa
commonWSDL interface4, andreciprocally, theYAWL engineprovidesa singleinter-
facefor all YAWL services.Theseinterfacesde�ne messagetypesfor:

– Atomic taskdecompositionmanagement:registeringandun-registeringatomictask
decompositionsinto YAWL services.

4 Weusetheterminologyof WSDL version2.0ratherthanversion1.1.



– Atomic taskinstancemanagement:creatingtaskinstances,notifying thestartand
completion(whethersuccessfulor not) of taskinstances,cancelingtaskinstances,
andprobingthestatusof a taskinstance.

– Work¯ow instancemanagement:creating,monitoring,andinteractingwith work-
¯ow instances.

– YAWL servicesconnectionmanagement:registeringandun-registeringYAWL ser-
vices,reportingandprobingtheavailability of YAWL services.

Whenanew YAWL work¯ow speci�cationis deployed,theYAWL engineregisters
eachof theatomictaskdecompositionsincludedin this speci�cation,with at leastone
YAWL service.EachtaskdecompositionindicatestheYAWL service(s)with which it
hasto beregistered.In thesettingof thetravel preparationexample,onepossiblesce-
nario is that the tasksregister, �ight , andhotel areto be registeredwith the worklist
service,while thetaskpayis to beregisteredwith theYAWL webservicesbroker(e.g.
thepaymentis handledby anexternalpaymentservice).If theseregistrationsaresuc-
cessful,theYAWL engineis thenableto createinstancesof thesetasks.Unsuccessful
taskregistrationsleadto errorsandtheYAWL enginereportsbacktheseerrorsto the
YAWL designeror theYAWL manager. Thedeploymentof awork¯ow speci�cationis
only consideredto be successfulif all the registrationsof taskdecompositionsin the
speci�cation,aresuccessful.Otherwise,thedeploymentis abortedandany registered
taskdecompositionsareunregistered.

Asaminimum,ataskdecompositionspeci�esthetask'sinputandoutputdatatypes.
It may specifyother informationdependingon the natureof the YAWL servicewith
which thetaskwill beregistered.In thecaseof tasksthatare registeredwith a worklist
service, thetaskdecompositionmustspecifytherole(s)thatareableto view instances
of this taskandtherole(s)thatareableto pick instancesof this taskfrom theworklist.

In thecaseof a webservicebroker, thetaskdecompositionmustinclude:

1. A WSDL interfaceandSOAP bindingof thewebserviceWSthatthebrokermust
invokewhendispatchinganinstanceof this task.

2. A mappingbetweenthe taskmanagementoperationsof theYAWL servicesinter-
faceandtheoperationsin theinterfaceof WS. Usingthis information,thewebser-
vice broker canexploit thefunctionalityprovidedby theWebServicesInvocation
Framework (http://ws.apache.org/wsif) in orderto interactwith WS.

In thesettingof the travel preparationwork¯ow, andassumingthat the taskpay is
delegatedto a paymentservice(sayPS), thedecompositionof this taskmustprovide
theWSDL interfaceandbindingfor PS, anda tableindicatingthatfor example:

– OperationCreateTaskInstanceof thecommonYAWL servicesinterfaceis mapped
to operationInitiateOnlinePaymentof PSservice.

– OperationOnlinePaymentInitiatedof PSmapstooperationTaskStartedof theYAWL
servicesinterface.

– OperationOnlinePaymentCompletedof PS mapsto operationTaskCompletedof
theYAWL servicesinterface.

– OperationCancelTaskof thecommonYAWL servicesinterfacemapsto operation
CancelPaymentof PS.



Thesemappingsshouldalsospecifyhow the input dataof oneoperationmapsto
theinput dataof theotheroperation,andsamefor theoutputdata.

To beregisteredwith a YAWL interoperability broker service, a taskdecomposition
TD mustspecify:(i) the identi�er of theYAWL engineto which instancesof this task
will bedelegated;(ii) thenameof theYAWL processto beinstantiatedwhenaninstance
of thetaskis created;(iii) a mappingbetweentheinput dataof theCreateTaskInstance
operationandthe input dataof theprocessto be instantiated;and(iv) a similar map-
ping for theoutputdata.Whenaninstanceof TD is created,theinteroperabilitybroker
createsaninstanceof thedesignatedprocessin apossiblyremoteYAWL engine(using
thework¯ow instancemanagementoperationsof theYAWL servicesinterfaces).When
this work¯ow instancecompletes,the interoperabilitybroker collectstheoutputdata,
convertsthemusingthe mappinggiven whenthe taskdecompositionwasregistered,
andreturnsthemto theYAWL enginethat triggeredthe instantiationof TD. Notethat
thisprocessinteroperabilitymodelassumesthatnocommunicationoccursbetweenthe
creationandcompletionof a processinstance.It is envisagedthat the YAWL system
will beextendedto supportcommunicationbetweenrunningprocessinstances.

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



This sectionillustratesthe currentimplementationof YAWL usinga small exam-
ple thatcanbedownloadedandrun from theYAWL sitewww.citi.qut.edu.au/
yawl/ . Figure4 shows the life-cycle of a musicianfrom the viewpoint of a record
company. Thegoalof this playful exampleis not to show a realisticbusinessscenario
but an easyto understandexampleshowing the main concepts.The top-level process
startswith a choicebetweendoing an auditionor �rst learningto play an instrument
(Pattern4: Exclusive choice).Themusiciancanlearnmultiple instrumentsin parallel
(Pattern15: Multiple instanceswithout a priori runtimeknowledge)followed by the
decisionto join a bandor to go solo(Pattern16: Deferredchoice).In bothcases,mul-
tiple songsmay be written (againPattern15) and/ora live performanceis givenafter
which the musiciangetsa contract(Pattern6: Multi-choice/Pattern7: Synchronizing
merge).Theauditioncanfail and,if so,themusiciantriesagainor continueslearning
to play instruments(Pattern5: Simplemerge/Pattern16: Deferredchoice/Pattern10:
Arbitrary cycles).Eventuallythe musicianendsup makinga record.This is modeled
by a compositetask(Make Record) containinga loop in which multiple songscanbe
recorded(seelower-level processin Figure4). ThesubprocessusesPattern5: Simple
merge,Pattern16:Deferredchoice,andPattern15: Multiple instanceswithout a priori
runtimeknowledge.After completingthesubprocessin parallelachoiceis madeanda
sequenceis executed,followedbyasynchronization(Pattern2: Parallelsplit/Pattern16:
Deferredchoice/Pattern1: Sequence/Pattern7: Synchronizingmerge)thuscompleting
theYAWL speci�cation.

Figure4 doesnot show the dataperspective (which is speci�ed separately).The
dataperspectiveof thiswork¯ow speci�cationstatesthatmusicianshaveaname,songs
haveatitle, etc.Additionally, in thecaseof thecompositetaskMakeRecord whichwill
be instantiatedmultiple times,the dataperspective speci�es the effective parameters
thatwill bepassedto eachinstance(e.g.anexpressionfor computingtheactualname
andotherpropertiesof agivensong).

Fig.5. Screenshotsof thecurrentYAWL manager, worklist handler, anda dataentryform.



Figure5 shows somescreenshotsof the tool while executingseveral instancesof
the YAWL speci�cationof Figure4. The worklist of `Wil van der Aalst' is shown in
the bottomwindow. The left window shows the currentYAWL managershowing the
activework¯ows,activecases,andusers.Theright window showsaninterfaceto enter
data.This is still ratherprimitive. Futureversionsof YAWL areexpectedto support
interactive forms.

7 Conclusion

In this paperwe presentedthe designandimplementationof the YAWL system.The
YAWL systemfully supportsthe YAWL languagewhich is basedon an analysisof
morethan30work¯ow systems,languagesandstandards.Theexpressivenessof YAWL
leadsto challengingimplementationproblemssuchasdealingwith multiple instances,
advancedsynchronizationmechanisms,andcancellationcapabilities.We considerthe
currentversionof YAWL asa proof of conceptfor the languageintroducedin [3]. In
ouropinionany proposedlanguageshouldbesupportedby at leastarunningprototype
in addition to a formal de�nition [3]. Too many standardsand languageshave been
proposedwhich turnout to havesemanticproblems.

At this point in time we areimplementingthe architectureshown in Figure3. As
indicatedin Section4, the currentversionof the implementationprovides the basic
functionalityof a work¯ow system,but notall thecomponentsof thearchitecturehave
beenrealized.Oneof the mostchallengingissuesis to �ne-tune the de�nition of the
interactionsbetweenthe engineand the YAWL services.Other directionsfor future
effort includetestingthe languageandsystemagainstcomplex applicationscenarios
andstudyingthe possibility of usingYAWL asan intermediatelanguageto facilitate
thedevelopmentof mappingsbetweenvariousbusinessprocessexecutionlanguages.

Both theexecutableandsourcesof YAWL canbedownloadedfrom www.citi.
qut.edu.au/yawl . YAWL is anopensourceinitiativeandthereforewelcomescon-
tributionsfrom third partieswhichcouldrangefrom dedicatedYAWL servicesto alter-
nativegraphicaleditorsor evenalternative implementationsof theengineitself.
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