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Abstract. Thispaperdescribesheimplementatiorof asystenmsuppating YAWL
(Yet Another Workflow Langua@). YAWL is basedon a rigorous analysisof

existing workflow managemensystemsand relatedstandard using a compre-
hensve setof workflow patternsThis analysisshavs that contempmrary work-

flow systemsrelevant standardge.g. XPDL, BPML, BPEL4WS), andtheoreti-
cal modelssuchas Petri netshave problens supportingessentiapatternsThis

inspiredthedevelopmentof YAWL by taking Petrinetsasa startingpointandin-

troducingmechaismsthatprovide directsuppat for theworkflow patterndden-
tified. As a proof of concep we have developed aworkflow managenentsystem
suppating YAWL. In this paper we presenthe architectureandfunctiondity of

the systemandzoominto the control-flov, data,andoperationperspecties.

1 Intr oduction

In theareaof workflow oneis confrontedwith a plethaa of products(comrrercial,free
and opensource)supmrting languagesthat differ significantlyin termsof conaepts,
constriets, andtheir semanticsOne of the contrituting factorsto this prodem is the
lack of acommanly agreedupan formalfoundationfor workflow languages Standarel
ization efforts, e.g.XPDL [19] proposedby the WIMC, have essentiallyfailedto gain
universal acceptaoe andhave notin any caseprovided sucha formd basisfor work-
flow specificationThelack of well-groundedstandadsin this areahasinducedseveral
issues,includng minimal suppat for migration of workflow specificationspotential
for erross in specificationglueto ambiguities, andlack of a refererce framework for
compaing the relative expressie power of differentlanglages(thowgh somework in
this areais repatedin [13]).

Theworkflow patterndnitiative [4] aimsatestablishingamorestructurecappoach
to theissueof the specificationof contrd flow dependenciesn workflow languags.
Basedon ananalysisof existing workflov manageentsystemsandapplications, this
initiative identified a collection of patternscorrespondig to typical cortrol flow de-
pendnciessncainteredn workflow specificationsanddocumentedvaysof capturirg
thesedependenciesn existingworkflow languags.Thesepatternshave beenusedasa
bencimark for compaimng processlefinitionlanguagesandin tendeing processesfor
evaluatirg workflow offerings. Seeht t p: / / www. wor kf | owpat t er ns. comfor
extensie docunentationflashanimdionsof eachpattern andevaluationsof standards
andsystems.
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While workflow patterrs provide a pragnaticapprachto contrd flow specification
in workflows, Petrinetsprovide a more theoreticalappioach.Petrinetsform a model
for concureng with a formal foundation,an associatedraptical representationand
a collectionof analysistechniaqies. Thesefeatures, togethe with their direct suppat
for the notion of state(requiredin someof the workflow patterns)make themattrac-
tive asa foundationfor contrd flow specificatiorin workflows. However, eventhoudch
Petrinets(includng higher-order Petrinetssuchas ColoredPetrinets[12]) suppet a
numter of theidentifiedpatterrs, they donot provide directsuppat for thecancellatio
patterng(in particdar the cancellatiorof a whole caseor a region), the synchonizing
meige pattern(whereall active threals needto be merged,andbrandeswhich canrot
becone active needto beignored),andpatteris dealingwith multiple active instances
of the sameactiity in the samecase[2]. This realizationmotivatedthe development
of YAWL [3] (Yet Another Workflow Langwage)which combirestheinsightsgainel
from the workflow patternswith the benefitsof Petrinets.It shouldbe notedthoudh
that YAWL is not simply a setof macre definedon top of Petrinets.Its semanticss
notdefinedin termsof Petrinetsbut ratherin termsof atransitionsystem.

As alanguag for thespecificatiorof contiol flow in workflows, YAWL hastheben-
efit of beinghighly expressve andsuitable,in the sensahatit providesdirectsuppot
for all the workflow patterns(exceptimplicit termindion), while the reviewed work-
flow languag@s provide direct support for only a subsetof them.In addtion, YAWL
hasa formal semanticsand offers graghical representationgor mary of its conepts.
The expressve power andformal semanticof YAWL malke it an attractve candicate
to beusedasanintermediatdanglageto suppaot translationof workflows specifiedn
differentlanguages.

When YAWL wasfirst proppsedno implenmentationwas available. Recently im-
plemenation efforts have resultedin a first versionof a prototype suppoting YAWL.
With respecto thevariows perspetivesfrom which workflows canbe considerede.g.
contrd-flow, data,resourceandoperatioml [11]), YAWL initially focusedexclusively
onthe controlflow perspectie. Sincethen,anovel apprachfor dealingwith the data
perspectie hasbeendesignedandincomoratednto the protaype. In addition,an ap-
proat hasbeendesigred (althowgh not yetimplemened) to dealwith the operatimal
perspectie onthebasisof a service-tientedarchitectue.

This paperdiscussesalientaspect@andissuegelatedto the designandimplemen
tationof the YAWL systemjncluding the proposedextensimsfor dealingwith thedata
andopeationalperspetives.In short,the maincontrikutionsof the paperare:

— A discussiorof theimplementationof the contiol flow perspectie of YAWL;

— A discussiorof thedataperspetive of YAWL andits implemenation;

— A discussiorof a proposalfor theincomoratian of the opeationalperspectie into
YAWL throudh the useof a serviceerientedarchitectue.

Theremainebr of the pape is organizedasfollows. After a brief ovewiew of re-
latedwork we introdwce the YAWL languae. Section4 describeghe architectue of
the YAWL systemandmotivatesdesigndecisiors. Sections discussethe contrd-flow,
data,andopeantionalperspetivesin moredetail. Section6 briefly discussesn exam
ple. Section7 conclulesthe paper



2 Relatedwork

YAWL [3] is basednaline of researclygroundedin Petrinettheory[1, 13] andthe 20
workflow patterrs documentedn [4]. In previous puldicationswe have evaluatedcon-
tempoary systemsJangua@s, and standardsisingthesepatterns An analysisof 13
commecial workflow offerings canbe found in [4] while ananalysis of 10 workflow
languayesproposedby the acaderit comnunity is describedn [3]. Commerciakys-
temsthat have beenevaluatedinclude Ley COSA, Filenets Visual Workflow, SUN’s
Forté Conductor, Lotus Domino Workflow, IBM MQSeries/Vérkflow, Stafware,Verve
Workflow, Fujitsu’s I-Flow, TIBCO InConcet, HP Changngine , SAP R/3 Workflow,
EastmanandFLOWer. Exampes of acaderit praotypesthathave beenevaluaedus-
ing the patternsare Meteor, Mobile [11], ADEPTflex [17], OPENflav, Mentor [20],
andWASA [18]. For ananalysisof UML actiity diagamsin termsof (someof) the
patternsyve referto [8]. BPEL4WS,a proposedstandardor web servicecompsition,
hasbeenanalyedin [21]. Analysesof BPMI's BPML [5] andWfMC’s XPDL [19] us-
ing thepatterrs arealsoavailableviaht t p: / / www. wor kf | owpat t erns. com n
total, more than30 languaes/systembave beenevaluatedandtheseevaluationshave
driven the developmernt of the YAWL language.Given that this pape focuseson the
designand implemertation of the YAWL system,we will not discusstheseprevious
evaluatians, refering thereadetto the above citations.

As anopensourceworkflow system YAWL joinstheranks of asignificantnumber
of previousinitiatives:18 opensourcevorkflow systemsrerepatedin [16]. Again, the
distinctive featureof YAWL with respecto thesesystemss in the combiration of its
expressve power, formal foundation,andsuppot for graphical design,complenented
by its novel approachto dealwith the dataandthe operdional perspectie of workflow
by leveragingemeging XML andWebservicegechnolgies.

3 YAWL language

Before describingthe architectue and implementéion of the YAWL system,we in-
trodwce the distinguisting featuesof YAWL. As indicatedin theintroduction, YAWL
is basedon Petrinets.However, to overcomethe limitations of Petrinets,YAWL has
beerextencedwith featuesto facilitatepatternsnvolving multipleinstancesadwanced
synchonizationpatternsandcancellatiorpatterns Moreover, YAWL allows for hier-
archicaldecanpositionandhandesarbitrarily compex data.

Figure 1 shavs the moceling elementsof YAWL. At the syntacticlevel, YAWL
extends the classof workflow netsdescritedin [1] with multiple instancescomppsite
tasks,OR-joins,removal of tokens,anddirectly conrectedtransitions YAWL, althoudn
beinginspiredby Petrinets,is a comgetely new languag with its own semanticand
specificallydesignedor workflow specification.

A workflowspecificgion in YAWL is a setof processdefiritions which form a hi-
erarcly. Tasks$ areeitheratomictasksor compositeasks Eachcompaite taskrefers

1 We usethe term taskratherthanactivity to remainconsistenwith earlierwork on workflow
nets[1].



to aprocessdefinitionat alowerlevel in the hierarcly (alsoreferedto asits deconpo-

sition). Atomic tasksform the leavesof the graph-like structure Thereis oneproess
definition without a compaite task referiing to it. This processdefinitionis namel

the top level workflowandforms the root of the graph-like structurerepreseting the
hierarcly of processdefinitions.

Q Condition Atomic task
@ Input condition
@ Output condition

Composite task

Multiple instances
of an atomic task

@ Multiple instances
—>]
—>
—
—
—>|
—>

of a composite task

—> :: AND-split task L » AND-join task
—» L, XOR-split task > XOR-join task
—» :: OR-split task L > OR-join task

| Q Q S— remove tokens
| [N ] |

Fig. 1. Symbolsusedin YAWL.

Eachproassdefinition consistof tasks(whethe compaite or atomic)andcond-
tionswhich canbeinterpraed asplaces.Eachprocessdefinition hasoneuniqueinput
condtion andoneunique output condition (seeFigurel). In contastto Petrinets, it
is possibleto connet ‘transition-like objeds’ like compsiteandatomictasksdirectly
to eachothe without usinga ‘place-like object’ (i.e., conditiors) in-between. For the
semanticghis construt canbeinterpretel asa hiddencordition, i.e., animplicit con-
dition is addel for every directconrection.

Both compaite tasksand atomic taskscan have multiple instancesas indicaed
in Figurel. We adoy the notationdescribedn [1] for AND/XOR-splits/joinsasalso
shavn in Figurel. Moreover, we introduce OR-splitsand OR-joinscorrespndingre-
spectvely to Pattern6 (Multi choice)andPattern7 (Synchonizing mermge) definedin
[4]. Finally, Figurel shavs that YAWL providesa notatian for removing tokers from
aspecifiedregion denotedy dashedoundedrectanglegandlines. Theenaling of the
taskthatwill perform thecancellatiormayor maynotdeperl onthetokenswithin the
region to be“cancded”. In ary casethemomer this taskcompetes,all tokensin this
region areremoved. This notatian allows for various cancellatio patterrs.
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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 specifications.




To illustrate YAWL we usethe three exanples shavn in Figure 2. The first ex-
ample(a) illustratesthat YAWL allows for the mockling of adwvancedsynchonization
patterns.Task register is an ‘OR-split’ (Pattern6: Multi-choice) and task pay is an
‘OR-join’ (Pattern7: Synchonizing memge). This implies that every registrationstep
is followed by a set of bodking tasksflight, hotel and/a car. It is possiblethat all
threebodking tasksare execued but it is also possiblethat only one or two bodking
tasksareexecued. The YAWL OR-joinsynchonizesonly if necessary.e.,it will syn-
chrorize only the booking tasksthat wereactuallyselectedNote that the majotity of
systemslonotsuppat the Synchionizing memge (i.e., Pattern7). A few systemsuppat
it (e.g.,IBM’s MQSeriesWorkflow, Lotus DominoWorkflow, andEastmanNorkflow)
but restrictits application For exanple, in order to simplify theimplementationof the
OR-join, MQSeriesWorkflow [10] doesnot supprt loops?

Figure 2(a)doesnotshav thedataaspectThe YAWL specificatiorfor this exanple
hasl0variabesrangng from the nameof thecustometo flight details.For therouting
of the casetherearethreeBooleanvariales want flight, want_hotel andwant_car.
They selectwhich of thebodking tasksneedto be executel.

Figure 2(b) illustratesanothe YAWL specification In contrastto the first exam
ple atrip mayincludemultiple stops,i.e., anitinerary mayincludemultiple sgments.
For exampe, a trip may go from Amsterdan to Singgore,from Singare to Bris-
bane,from Brisbaneto Los Angeles,andfinally from Los Angelesto Amsterdamand
thus entail four itinerary sggmeris. Eachsegmentmay include a flight (mostlikely)
but mayalsoincludea hotelbooking or a carbodking (at the destinatiol. Figure2(b)
shaws thatmultiple segmentsaremockledby multiple instance®of the compaite task
do.itinerary_segment This compaitetaskis linkedto theprocesslefinitionalsoshavn
in Figure2(b).In thecaseof multipleinstancesdt is possibleto specifyuppe andlower
bourdsfor the numbe of instanceslt is alsopossibleto specifya threshéd for com-
pletionthatis lower thanthe actualnumbe of instancesi.e., the corstructcompletes
before all of its instancescompete. In the exampleat handthis doesnot make sense
sinceeachsegmentmustbe bodked. Anothersettingis availableto indicatewhetrer
aninstancecanbe addel while execuing otherinstancesin this examge this would
meanthatwhile bookng segmentsanew segmentis definedandaddedto theitinerary,
In the specificationcorrespading to Figure 2(b) we assumehe multiple instancego
be ‘static’, i.e., after completirg taskregister the numter of instancess fixed. Again,
the diaglam doesnot shav the dataaspect.Thele are similar varieblesasin the first
exampe. However, a comgicating factoris that eachof the instanceswill useprivate
datawhichneedgo beaggegated We returnto thisin Section5.2 For the moment, it
suflicesto seethat YAWL indeedsuppots the patternsdealingwith multiple instances
(Patternsl2-15. Notethatonly few systemsuppot multiple instancesFLOWer [6] is
oneof thefew systemdirectly suppating multiple instances.

Finally we considerthe YAWL specificatiorillustratedin Figure2(c). Again com-
positetask do_itinerary_segmen is deconposedinto the proessdefinition shavn in
Figure2(b). Now it is however possibleto withdrav bookngs by execuing taskcan-
cel. Taskcarcelis enabledf thereis atokenin bodking.in progress If theernvironment
decidego execute canceleverything insidetheregion indicatedby the dashedectan-

2 Insteadof loops,MQSeriesWorkflow suppats blockswith exit condition.



gle will be removed. In this way, YAWL providesdirect suppot for the cancellatio
patterns(Patterrs 19 and 20). Note that suppot for thesepatternsis typically miss-
ing or very limited in existing systemge.g.Stafwarehasa cancellatio coneptbut a
cancellatiorcanonly referto a singletaskandnotto anarbitrarysetof tasks).

In this sectionwe illustratedsomeof the featuresof the YAWL languag. Thelan-
guage hasan XML syntaxandis specifiedin termsof an XML schemaSeeht t p:
/1w citi.qut.edu.au/yaw / for the XML syntaxof thelangwage.ln Sec-
tion 5 wewill shav somefragmentsof thelanguae.However, before goinginto detail,
we first presenthe ‘bigger picture’ by descriling the YAWL architeture.

4 YAWL architecture

To suppat the YAWL languaeintroducedin the previous section,we have developed
a systemusingstate-of-tie-arttechnadogy. In this section,we descrike the overall ar
chitectureof this system,which is depictedin Figure 3. Workflow specificationsare
designedusing the YAWL designerand dedoyed into the YAWL engne which, after
perfaming all necessaryerifications andtaskregistratiors, storesthesespecifications
in the YAWL repository which maragesa collectionof “runable” workflow specifica-
tions.Oncesuccessfullydeployed, workflow specificatios canbeinstantiatedhrough
the YAWL engne, leadingto workflow instancegalsocalledcases)The enginehan-
dlesthe execuion of thesecasesj.e. basedon the stateof a caseandits specification
theenginedetermireswhich everts it shoud offer to theenvironment.

The environmentof a YAWL systemis compasedof so-calledYAWL servicesIn-
spiredby the “web services”paradign, end-tsers,applicatiors, andorganizations are
all abstractedas servicesin YAWL. Figure 3 shows four YAWL services:(1) YAWL
worklisthander, (2) YAWL webservicesbroker, (3) YAWL interopemability broker, and
(4) customYAWL services The YAWL worklist hander correspondsto the classical
worklist handler(alsonaned*inbox™) presentn mostworkflov managmentsystems.
It is the compmnentusedto assignwork to usersof the system.Throughthe worklist
hander userscanaccepivork itemsandsignaltheircompletion. In traditioral workflow
systemstheworklist hander is embededin theworkflow engire.In YAWL however,
it is consideed to be a servicedecoyled from the engine The YAWL web services
broker is the glue betweerthe engineand otherweb servicesNote that it is unlikely
thatweb serviceswill beableto directly conrectto the YAWL engire, sincethey will
typically be designe for more geneal purpcsesthanjust interactirg with a workflow
engine Similarly, it is desirablenot to adaptthe interfaceof the engineto suit spe-
cific servicesptherwise this interfacewill needto caterfor an undeterminechumter
of messagaypes.Accordngly, the YAWL web servicesbroker actsasa mediateo be-
tweenthe YAWL engire andexternd web serviceghatmay be invoked by the engne
to delegyate tasks(e.g.delegding a “payment” taskto anonline paymen service).The
YAWL interoperability broker is a servicedesignedo intercomectdifferent workflow
engine. For exanple, a taskin onesystemcould be subcontactedto anothersystem
wherethetaskcorresppndsto awholeprocessTo illustratethatthereis not a fixed set
of YAWL servicesveincludedacustomYAWL service A customservicecomectsthe
enginewith anentity in the ervironmen of the system For exanple, a customYAWL
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Fig.3. YAWL architecture.

servicecould offer communicationwith mokile phone, printe's, assemblyobots, etc.
Notethatit is alsopossiblethattherearemultiple servicesof the sametype,e.g.multi-
ple worklist handles, web servicesbrokers,andinterogerability brokers.For exampe,
theremay exist multiple implemenationsof worklist handers (e.g.,customizedor a
specificapgication domainor organization andthe sameworklist hander maybein-
stantiatednultiple times(e.g.,oneworklist hander pergeogrphicalregion).

Workflow specificationsare managd by the YAWL repasitory and workflow in-
stancedi.e. casespremanagd by the YAWL engine.Clearly, thereis alsoa needfor
amanagementool thatcanbeusedto contrd workflow instancesnanually (e.g delet-
ing a workflow instanceor a workflow specificatiol, providing informationaboutthe
stateof running workflow instancesand detailsor aggrgjateddataabou complaed
instancesThisis therole of the YAWL manayer.

Figure 3 alsoshaws the various interfacesof YAWL. The YAWL enginehastwo
classef interfaces:(A) interfacescaptuing the interactiors betweerthe YAWL de-
signerandthe YAWL manageontheonehand andthe YAWL engineontheother and
(B) interfacescaptuing theinteractiors betweerthe YAWL servicesaandthe YAWL en-
gine.Interfaceclass(A) correspadsto Interfacel (Proces®efinitiontools)andinter
face5 (AdministrationandMonitoring tools) of the referere mocel of the Workflow
Managenent Coalition (WfMC) [15]. Interfaceclass(B) correspondgo WfMC’s In-
terface 2-3 (Workflow Client Applicatiors and Invoked Applications), and Interface



4 (Workflow Intergperalility). Both interfaces (A and B) are implemented using a
REST basedarchitectual style [9]. For our pumposesthe adwartagesof REST over
SQAP+WSDL includespeedscalability security andtool suppot. Usersinteractwith
the YAWL systenthroudh aWebbrowser i.e. boththe YAWL manageandthe YAWL
worklist handle offer HTML front-ends.

Whenconsieringthe YAWL archite¢urethereis onefundamentaldifferencewith
respecto existingworkflow managmentsystemsThe YAWL engire dealswith contiol-
flow anddatabut notexplicitly with usersln addition theengineabstractsrom differ
encedetweenusersapplicatiors, organizatiors, etc. To achieve this,the YAWL system
leverages principles from service-oientedarchitectues: exterral entitieseither offer
servicesor requile servicesln atraditiond workflow managerantsystemthe engne
takescareof the ‘What', ‘When’, ‘How’, and'By whom'. In YAWL, the engire takes
careof the ‘What' and‘When’ while the YAWL servicestake careof the ‘How’ and
‘By whom'. By separatingheseconcensit is possibleto implemeant a highly efficient
enginewhile allowing for customize functionality. For examge, it is possibleto build
worklist handers suppating specificorganizatioxs or domairs, e.g.,processesvherea
teamof professionalsvork onthesameactiity atthesametime. It shouldbenotedthat
thearchitectue of YAWL is similarto thearchitectue ervisionedin the cortext of web
servicecompaitionlanguayeslike BPEL4AWS WSCI, BPML, etc.However, thesdan-
guagestypically only considercontrd routing anddatatransfamations,while YAWL
is not limited to theseaspectsandalsoaddressessuessuchaswork distribution and
managment.

Implemetation notes. Although the currert implementationof YAWL is completein
the sensethatit is ableto run workflow instancesit doesnot provide all the compe
nentsandfunctionality descriledin Figure3. The YAWL engineis fully implemented.
The YAWL designeiis uncer developmentandat presenbonly suppats the specifica-
tion of contwol-flow persgctive. The YAWL mana@r hasnot beenimplenentedyet.
Of the YAWL servicesonly the YAWL worklist hander is realized to the extert that
it suppots multiple users Developmentis planred for anorganizatioral modelwhich
integrateswith theworklist hander. Theimplementationhasbheendonein Javaanduses
XML-basedstandardsuchasXPath, XQuery, andXML SchemaThedesigneiis im-
plemerted usingJgraph an opensourcegraphical library (ht t p: / / www. j gr aph.
com). The YAWL engne relieson JDom (ht t p: / / www. j dom or g) for evaluat-
ing XPathexpressios, Saxon(ht t p: / / saxon. sour cef or ge. net ) for XQuery
suppat, and Xerces(htt p: // xm . apache. or g/ xer ces- j ) for XML schema
suppat.

5 YAWL perspectives

This sectiondiscusseshreekey perspecties: (1) the cortrol-flow perspectie, (2) the
dataperspectie,and(3) theoperdional perspectie. Thefirst two perspectiesarefully
implemenedandaresuppated by the YAWL engine Theoperatimal perspectie cor-
respois to the YAWL servicesidentified in the previous sectionandis only partly
realized.



5.1 Control-flow perspective

The contol-flow persgective of YAWL focuseson the orderirg of tasks.The building
blocksofferedby YAWL have beenbriefly discussedn Section3 andaredepictedin
Figurel. Therearethreefeature offered by YAWL not presenin mostworkflow lan-
guages: (1) the OR-join task, (2) multiple instancef a task (atomicor compaite),
and (3) the “remove tokens” task(i.e., cancellationof a region). Therebre, we focus
onthesethree.Let usfirst focuson therealizationof the OR-join. Listing 1 shavs the
definition of taskregisterin Figure2(a) The nameelementprovidesthe nameof the
task, the threeflowsIntoelemers correspndto the threeoutgdng arcs,the join ele-
mentshaws thatthe taskis an AND-join3, the split elemem shawvs that the taskis an
OR-split, the startingMapingselemen lists the input to the task,the completetfap-
pingselemen lists the outpu of the task,andthe decompses® elementrefersto the
actualdefinition of the task (which we call its “decampositiori). Note thateachtask
elementefersto a decanpositionelement.The decompsition elementcandefinethe
implemenationof anatomictaskor acompaitetask.Multiple taskelementsanrefer
to thesamedecompsitionelemento allow for reuseListing 2 shovs thetaskelement
for the correspading OR-join. Although from a syntacticalpoint of view the OR-join
is easyto realize,it is far from trivial to realizethe correspondig functionality. In the
classicalXOR-join theflow continwesafterthefirstinput. In theclassicaAND-join the
flow waits for all inputs. The complicatirg factoris thatthe OR-join sometimesasto
synchonizeandsometimesot (or only partially). In theexamge showvn in Figure2(a)
it is fairly easyto seewhento synchonize,e.g.,simply court the nunmberof bookings
enabledandthencourt backto zerofor every bodking thatis competed.However, in
agenerakensehis stratgy doesnot work, becasetherecanbe multiple splits (of all
types)ultimately linking to an OR-join. The semanticad@ted by YAWL is thatan
OR-joinwaits until nomoreinputscanarrive at thejoin. To make surethatthe seman-
tics arewell defined i.e., have a fix-point, we exclude other OR-joinsasindicated in
[3]. Se€g[14] for amoreelaborataliscussioron thetopic. As faraswe know, YAWL is
thefirst engireimplemening this strateyy without addingadditional corstraintssuchas
excludng loops, etc. Fromaperfamane poirt of view, the OR-joinis quiteexpensve
(the systemneedgo calculateall possiblefuturesfrom the currert state).To improve
perfamancethe OR-join condition coud beevalugedonly if strictly necessary

A secondeatue which distingushesYAWL from mary existing languagsis the
ability to have multiple instancef atomic/canpositetasks.Figure2(b) shavs an ex-
ampleof this. Thecompaitetaskdo_itinerary_segmer hasadditioral elemems to con-
trol the number of instancegminimum maximumthreshold andcreationmodg and
elementgo contrd thedataflow. Againthesyntaxis fairly straightbrwardbut thereal-
izationin the YAWL engireis not. Notethatmultipleinstanceganbenestedarbitraily
deepandit beconesquitedifficult to separat@ndsynchraizeinstances.

A third featue worth noting is the cancellationof a region, i.e., remaving tokens
from selectedpartsof the specification.In Figure 2(c) task canel containsfour re-
movesbkenselementso empy the part of the specificationshavn. The cancellatio
functionality is easyto realizein the engire. The biggest challenges to allow for an

% Thisis notrelevantin this examplesincethereis only oneincomingarc.
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Listing 1 Listing 2

<task id="register"> 1<task id="pay">

<nane>Col | ect information 2 <nanme>Settl e paynent </ nane>

from cust oner </ nanme> 3 <fl owsl nt 0>
<f | owsl nt 0> 4 <next El emrent Ref id="end"/>
<next El enent Ref 5 </ fl owsl nt o>
id="flight"/> 6 <join code="or"/>
<pr edi cat e> 7 <split code="and"/>
/dat a/ want _fli ght 8 <st artingMappi ngs>
9

= "true’ .
</ pr edi cat e> 10 </ starti ngMappi ngs>
<i sDef aul t Fl ow > 11 <deconposesTo i d="pay"/>
</ fl owsl nt 0> w2 </task>

<fl owsl nt 0>
<next El enent Ref id="hotel "/ >
<pr edi cat e>/ dat a/ want _hotel = ’true’ </ predicate>
</ fl owsl nt 0>
<fl owsl nt o>
<next El enent Ref id="car"/>
<predi cat e>/ dat a/ want _car = 'true’ </ predicate>
</ fl owsl nt o>
<j oin code="and"/>
<split code="or"/>
<startingMappi ngs>
<mappi ng>
<expression query="/datal custoner"/>
<mapsTo>cust onmer </ mapsTo>
</ mappi ng>
</ startingMappi ngs>
<conpl et edMappi ngs>
<mappi ng>
<expression query="/datal custoner"/>
<mapsTo>cust onmer </ mapsTo>
</ mappi ng>
<mappi hg>
<expressi on query="/data/want_flight"/>
<mapsTo>want _fli ght </ mapsTo>
</ mappi ng>

</ conpl et edMappi ngs>
<deconposesTo i d="do_register"/>
</ task>

easyway to indicatea region in the YAWL desigrer. At this pointin time we areex-
perimening with variows interactionmechanismsto allow for a gereric yet intuitive
way to demacatesuchregions.Conditionbookirg _in _processn Figure2(c) alsoillus-
tratesthat YAWL suppats the Deferedchoicepattern Notethatthe decisionto cancel
is madeby the exterral entity execuing taskcanel, andnot by the workflow engire.
In traditioral workflow systemssuch“defered” or “environmert-driven” choices are
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not possibleall decisionsaremadeby evaluatirg systemdata.YAWL's XOR-splitand
OR-splitconstrets opeatelikewise. The notion of defered choicehasbeenadoyped
by new langlagedik e BPEL (seepick constrictin [7]) andBPML (seechoicecorstruct

in [5]).

5.2 Dataperspectve

Although theinitial focus of YAWL wason contrd flow, it hasbeenextendedto offer
full suppat for thedataperspectie. It is possibleto definedataelementsandusethem
for conditianal routing, for the creationof multiple instancesfor exchanginginforma-
tion with the ervironmen, etc. Most of the existing workflow maragementystems
usea profriety language for dealingwith data.YAWL is oneof thefew languagesthat
compleely relieson XML-basedstandard like XPathandXQuery.

Listing 3 Listing 4
<root Net id="nmake_trip"> 1<deconposition id="do_register"
<l ocal Vari abl e 2 Xsi:type=
name="cust ormer " > s "YAW.Servi cedient Type">
<type>xs:string</type> <i nput Par am name="cust omer " >
<initial Val ue> 5 <type>xs:string</type>
Type name of custoner 6 </i nput Par anw
</initial Val ue> 7 <out put Expr essi on query=
</l ocal Vari abl e> 8 "/ datal/ custoner"/>
<l ocal Vari abl e nanme= 9 <out put Expr essi on query=

"payment _account _nunber" > 1
<type>xs:string</type> u

</l ocal Vari abl e> 12
P 13
<l ocal Vari abl e nane= 14
"want _flight"> 15
<t ype>xs: bool ean</type> 1

</l ocal Vari abl e> 17
<l ocal Vari abl e nane= 18
"want _hotel "> 19
<t ype>xs: bool ean</type> 2

</l ocal Vari abl e> 21
<l ocal Vari abl e nane= 22
"want _car"> 23
<t ype>xs: bool ean</type> 2

</l ocal Vari abl e> 25
<l ocal Vari abl e nane= 26
"flightDetails"> 27

<type>xs:string</type> a2

"/datalstart_date"/>

<out put Expr essi on query=
"/ data/want_flight"/>

<out put Par am nanme=
"cust oner" >
<type>xs:string</type>
</ out put Par an
<out put Par am nanme=
"start_date">
<type>xs: dateTi me</type>
</ out put Par an®

<out put Par am nanme=
"want _flight">
<t ype>xs: bool ean</t ype>
</ out put Par an

</l ocal Vari abl e> 20 </ deconpositi on>

Listing 3 shavs the declaratiorof variabes for the examge shavn in Figure2(a)
Using the elementlocal\ariable it is possibleto addtyped variablesto the top-level



workflow. For examge, lines 2-7 definethe variablefor storingthe nameof the cus-
tomer Thetypeof this varialde is string andaninitial value is defined Eachdeconpo-
sition of a taskinto aworkflow mayalsohave localVariable elementsVariablesat the
higherlevel canbe passedntothe lower level. Listing 4 shavs the decanpositionof
taskregisterreferiedto in Figure2(a).As shovn in lines 4-6 of Listing 4, thereis an
input paraneternamedcustomer Taskregister maps dataresidingat the higher level
ontothisinputparaneteratthelowerlevel (i.e.,in thedeconposition)asshaovnin lines
23-2 of Listing 1. After completingthetask,dataat the lower level is passednto the
higherlevel. For examge, lines 24-27 of Listing 4 declarethe parametewantflight.
Lines 12-13 of Listing 4 are executedto prodice a dataresult. After completirg the
deconposition, this resultis mappedonto the variadle wantflight at the higherlevel
(seelines 35-3 of Listing 1). Note that the expressionshavn in line 35 of Listing 1
andthe expressionshavn in lines 12-13 of Listing 4 is anXQueryexpressiono access
anock. However, arbitraily compgex transfomationsarepermittedhere,usingthefull
expressve power of XQuery Moreover, parametes maybe optioral or mandatory.

If ataskis anOR-splitor XOR-split, predicae elementareusedo specifyBoolean
expressionsLines7-1Q line 15,andline 19in Listing 1 specifytheoutpu condtions of
taskregister (onefor eachoutgang arc).In the caseof an OR-splitor XOR-split, there
is alwaysa defadt indicatedby the elemen isDefaultFlav (cf. line 11 in Listing 1).
If all predicate®valuateto false,this arcis chosentherdy actinglike an“otherwise”
brand. In theexanple of Figure2(a),at leastoneof thethreeboding tasksshouldbe
execued. To ensurethis, a flight is booled if nore of the predcatesevaluatesto true.
To allow thepossibilitythatnoneof thethreeboding tasksis executed,oneshouldadd
anarcdirectly from taskregisterto eitherpayor the outputcordition. Thiswould then
be setto bethedefaut arc.For an XOR-split eachpredicae needso have anordering
attribute thatis usedin casemultiple predicatesvaluateto true. If predicatesarenot
mutuallyexclusive, the onewith thelowestnumbe thatevaluatedo trueis selected.

Fromthe viewpaint of data,the handlirg of multiple instancess far from trivial.
Considerfor examge Figure2(b), the subpocesss executed for eachsggment of the
itineraryandthusthereis datafor eachsegmernt (destinationstartdate flight _details,
etc.). Thenunberof instancesreatedout alsothe maximum, minimum, andthreshdd
mayall depen ondata.Dataat thehighe level needso besplit overtheinstancesand
aftercompetion of theinstancesggegatedto dataelemers at the higher level. Again
XQueryis usedto mapdatafrom thehigher level to thelower level andvice versa.

5.3 Operational perspective

As discussedn Section4, the YAWL engire interactswith its environmert by means
of acollectionof “YAWL services” which areresposiblefor handlirg theoperatimal

andtheresouceperspecties of workflow specificatios, aswell asfor supprtingcom-

municdion betweerdifferent YAWL endnes.A deploymentof the YAWL systenis ex-

pectedto includea nunber of pre-huilt YAWL servicesThe YAWL worklist hardler,

web servicebroker, andintergoerability broker mentionel in Section4 are exanples
of suchpre-huilt servicesimpartantly, all YAWL servicesarerequredto implemet a

comman interface.This interfaceis RESThased?9], hencet mustbeableto geneate,
andinterpret severd classe®f XML messagedThis interfacedefinesmessagefor:



— Atomictaskdecanpositionmanageent:registeringandun-egisteringatomictask
decompsitionsinto YAWL services.

— Atomic taskinstancemanagment:creatingtaskinstancesnotifying the startand
completion (whethe successfubr not) of taskinstancescancelingtaskinstances,
andprobing the statusof ataskinstance.

— Workflow instancemanag@ment:creating monitoiing, andinteractingwith work-
flow instances.

— YAWL servicexomectionmanag@mentregisteringandun-+egisteringyAWL ser
vices,repoting andprohing the availability of YAWL services.

Whenanev YAWL workflow specificatioris degoyed,the YAWL engire registers
eachof theatomictaskdeconpositionsincludedin this specificationwith atleastone
YAWL service.Eachtaskdeconpositionindicaesthe YAWL service(swith which it
hasto beregistered In the settingof the travel prearationexampe, onepossiblesce-
nariois that the tasksregister, flight, and hotel areto be registerel with the worklist
service while thetaskpayis to beregisteredwith the YAWL webservicesbroker (e.g.
the paynentis handed by an extemal paymet service) If theseregistratiors aresuc-
cessfulthe YAWL engineis thenableto createinstance®f thesetasks.Unsuccessful
taskregistrations leadto errois andthe YAWL engire repots backtheseerrois to the
YAWL designeior the YAWL managerThedeploymentof aworkflow specifications
only consideed to be successfuif all the registrationsof task deconpositionsin the
specificationare successfulOtherwise the deploymentis aboted andary registeral
taskdecanpositiors areunregistered.

As aminimum, ataskdecompsitionspecifieghetasksinput andoutpu datatypes,
andanidentifier statingwhich YAWL serviceto invoke. It may specifyotherinforma-
tion depeingonthenatureof the YAWL servicewith whichthetaskwill beregistered
In the caseof tasksthat are registered with a worklist service the taskdeconposition
mustspecifya queryover anorganizatiormal modelto extrad whichrole(s) areableto
execue instanceof this task.In the caseof a webservicebroker, built to invoke web
serviceshasedon WSDL+SQAP, thetaskdeconpositionmustinclude

1. A WSDL interfaceand SQAP binding of the web serviceWSthatthe broker must
invoke whendispatcling aninstanceof this task.

2. A mappng betweerthe taskmanagmentopertionsof the YAWL servicesnter
faceandtheoperatimsin theinterfaceof WS Usingthisinformation,thewebser
vice broker canexploit the functionality provided by the Web Servicednvocation
Framavork (http://ws.apche.og/wsif) in orderto interactwith WS

In the settingof the travel prepaationworkflow, andassuminghatthetaskpayis
delggaedto a paymentservice(sayPS), the deconpositionof this taskmustprovide
theWSDL interfaceandbinding for PS andatableindicatingthatfor exampe:

— OperationCreate Bskinstanc®f thecommonYAWL servicesnterfaceis mappel
to opeationInitiateOrlinePaymem of PS

— OperatiorOnlineRymentinitiatedbf PSmapsto operatim TaskStarteaf the YAWL
servicednterface.



— OperationOnlineRyymenCompletedof PS mapsto opeation TaskCompleteaf
the YAWL servicednterface

— OperationCancel&skof the conmon YAWL servicednterfacemapsto operatia
CancelRymen of PS

Thesemappngs shouldalso specifyhow the input dataof one operdion mapsto
theinputdataof the otheroperatiam, andsamefor the outpu data.

To beregisteedwith a YAWL interopemability broker service ataskdeconposition
TD mustspecify:(i) the identifier of the YAWL engineto which instance®f this task
will bedelegated; (ii) the nameof the YAWL specificatiorto be instantiatedvhenan
instanceof thetaskis created(iii) amappirg betweertheinputdataof the Create Bisk-
Instan@ operatim andtheinput dataof theprocesso beinstantiatedand(iv) asimilar
mappirg for the outpu data.Whenan instanceof TD is createdthe interoerability
broker createsaninstanceof thedesignategrocessn apossiblyremoteYAWL engne
(usingtheworkflow instancenmangemenbperatios of the YAWL servicesnterfaces).
Whenthis workflow instancecomgetes,the interoperability broker collectsthe output
data,corvertsthemusingthe mappirg givenwhenthe taskdeconpositionwasregis-
tered,andretunsthemto the YAWL engire thattriggeredtheinstantiationof TD. Note
thatthis processnteroperabilitymodelassumeshatnocommunicationoccursbetween
thecreatiomandcompletian of aprocessinstancelt is ervisagedthatthe YAWL system
will beextendedto supmrt commuricationbetweerrunring processnstances.

6 Example and on-line demonstration

This sectionillustratesthecurrertimplementatio of YAWL usinga smallexamge that
canbe downloadedandrun from the YAWL siteht t p: / / www. ci ti . qut. edu.
au/ yawl / . Figure4 shaws thelife-cycle of amusicianfrom theviewpoirt of arecod
company. The goal of this playfu exampe is notto shav arealisticbusinessscenario
but an easyto uncerstandexampge shaving the main conceps. Thetop-level proess
startswith a choicebetweendoing an auditionor first learnirg to play aninstrunent
(Pattern4: Exclusie choice).The musiciancanlearnmultiple instrumerts in parallel
(Pattern15: Multiple instanceswithout a priori runtime knowledge) followed by the
decisionto join a bard or to go solo (Pattern16: Defered choice) In both casesmul-
tiple songsmay be written (againPattern15) and/o alive perfamanceis given after
which the musiciangetsa contract(Pattern6: Multi-choice/Pattern7: Synchonizing
meige). The auditioncanfail and,if so,the musiciantries againor contirueslearnirg
to play instruments (Pattern5: Simple megePattern16: Defered choice/Rttern 10:
Arbitrary cycles).Eventuwally the musicianendsup makirg a record This is modéded
by a compaite task (Make Record contaning a multiple instancetaskfor recoding
songsandaloopif re-recording is necessaryseelower-level processn Figure4). The
subpraessusesPattern5: Simplemeige, Pattern16: Deferred choice,andPattern15:
Multiple instancesvithout apriori runtime knowledge After completinghesubpocess
asequences executed,in parallelwith achoic beingmadefollowedby asynchoniza-
tion (Pattern2: Parallelsplit/Pattern16: Deferral choice/Rtternl: Sequene/Rattern7:
Synchpnizingmetge) thuscompgeting the YAWL specification.
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Fig. 4. Exampleof a YAWL process.

Figure 4 does not shawv the dataperspetive (which is specifiedseparately) The
dataperspetive of this workflow specificatiorstateghatmusicianshave aname songs
have atitle, etc. Additionally, in the caseof the compaite taskMake Recod, the data
perspectie specifieghe effective paranetershatwill be passedo thelower level pro-
cess(e.g.an expressionfor retrieving the actualnameandotherpropertiesof a given
song).

Figure 5 shavs somescreenshotsf the tool while exeauting several instanceof
the YAWL specificationof Figure 4. The worklist of ‘Wil vander Aalst’ is shavn in
thebottomwindow. Theleft window shovsthe current YAWL mana@r containirg the
active workflows, active casesandusersTheright window shavs aninterfaceto enter
data.This is still ratherprimitive. Futureversionsof YAWL are expectedto suppat
interactve forms.

7 Conclusion

In this paperwe preseted the designandimplemantationof the YAWL system.The
YAWL systemfully suppets the YAWL languagewhich is basedon an analysisof
morethan30workflow systemslanguaesandstandard. Theexpressienessof YAWL
leadsto challengng implementationproblens suchasdealingwith multiple instances,
adwarcedsynchpnizationmechaisms,andcancellation capaliities. We considerthe
currer versionof YAWL asa prod of corceptfor the languaye introducedin [3]. In
ouropinion ary propsedanguae shouldbe suppoted by atleastarunnirg pratotype
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I Raot NetName I To the right is a list of the I (i (TS
It fyawwiki ctiut edu aueng... Makehiusic B attributes of the relevant work item. | o
Below is the data for this item that ase
can be read updated. TaskID decide
Task Descrigtion Decide to make music
E Task Started nov 24 6:41:56
LoadWorkflow || StartCase | ExporttaxmL |
Work Item Data
[7] o1d Format [Tl Ignore Errors ‘ Unioad Workflow
£ Wil van der Aalst's Worklist -lolx| =
Scheduled Tasks - Tape: xarboolean
Active Cases Mandatory:  false-—>
- Gase ID] TaskID| Description | Status | Time|_ FiringTime | | ‘wt>false(]</shoretur>
mmm&mmmmu ecificationD o Casell | |7g ecide Deride tn make music Enabled nov 24 9:39:01 a| |:& Type: xs:string
Iitp yawiiwikl.of.quLedu aufeng...[11 12 decide |Decide to make music Enabled nov 24 9:39:02 Mendatory: true-->
It iyawiwiki off.qut edu auleng.. |12 13 decide |Decide to make music Enabled nov 24 9:33:01 sant>10hn Denver</applicant>
IitpHyawiwikl chigutedu aufeng. |13 15 decide |Decide to make music Enabled nov 24 9:39:03
Intpyaueiwikt.ol.gut.edu.aufeng... 14 z decide_Decide to make music Enabled nov 24 9:38:58
3 decide | Decide to make music Enabled nov 24 8:38:69 B
Inspect State | Manag -
Rpptyfor Task |
| Keep for Later | Release Waorkltem
Active Workiists Wil van der Aalst's Active Tasks
Userlame Case D] TaskID] Desttiption I Time[__ FiringTime | StantTime |
[Arthur ter Hofstede 1.4 decide |Deside to make music novi4 G3358  nov2d G.4156  nov2d 94156 |-
Lachlan Aldred 111 decide_|Decide to make music nov4§39.02  |novEd 94200 nov24 84200
Marion Dumas 141 decide |Decide to make music nov24 §:39:02  |nov24 94158 nov24 94158
bl van der Aalst 41 decide |Decide to make music nov4 §:39.00  |nov3d 94201 nov24 94703
o B
Cancel Task Viewledit data | [ Register Compietion |

Fig. 5. Screenshotsf the currentYAWL managerworklist hander, anda dataentry form.

in additionto a formal definition [3]. Too mary standard and languageshave been
proposedwhich turn outto have semantigprodems.

At this pointin time we areimplenentingthe architectue shavn in Figure3. As
indicatedin Section4, the curren version of the implementationprovides the basic
functionality of aworkflow systemput notall the compneris of thearchitectue have
beenrealized.Oneof the mostchallerying issuesis to fine-ture the definition of the
interactiors betweenthe engire andthe YAWL services.Other directiors for future

effort include testingthe languageand systemagainstcomplex apgication scenarios

and studyng the possibility of using YAWL asan intermedate languageto facilitate
thedevelgpmentof mapping betweenvariousbusinesgprocessexeaution languages.

Both the exeautable and soures of YAWL can be downloadedfrom htt p://
Www. ci ti . qut.edu.au/ yawl . YAWL is anopensourceinitiative andtherefae
welcomescontritutions from third partieswhich coud rangefrom dedicatedYAWL
servicedo alternatie graphcal editors or evenalternatve implementationsof the en-
gineitself.
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