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Abstract. Thispaperdescribesheimplementatiorof asystenmsuppaoting YAWL
(Yet AnotherWorkflow Langua@). YAWL is basedon arigorousanalysisof ex-
isting workflow managemernsystemsandrelatedstandardsisinga comprehen
sive setof workflow patterns.This analysisshawvs that contempaoary workflow
systemsrelevant standardge.g.,XPDL, BPML, BPEL4WS, but alsotheoreti-
cal modelssuchas Petri netshave problens supportingessentiapatternsThis
inspiredthe developmenta new languag by taking Petrinetsasa startingpoint
andaddingmechanismshatprovide directandintuitive supportof the workflow
patternsdentified.As aproof of conceptve have developedaworkflow manag-
mentsystemsuppating YAWL. This paperdescribeghe architectureandfunc-
tionality of the systemandzoomsinto someof the mostrelevantperspetives.

1 Intr oduction

In theareaof workflow oneis confrontedwith a plethaa of products(comnercial,free
and opensource)supmrting languagesthat differ significantlyin termsof coneepts,
constrets, andtheir semanticsOne of the contrituting factorsto this prodem is the
lack of acommaly agreecdupan formal foundationfor workflow langlages Standard
izationefforts, e.g.XPDL [43] proposedby the WfMC, have essentiallyfailedto gain
universal acceptaoce andhave notin any caseprovided sucha formd basisfor work-
flow specificationThelack of well-groundedstandadsin this areahasinducedseveral
issues,jncludng minimal suppat for migration of workflow specificationspotential
for erross in specificationglueto ambiguities, andlack of a refererce framework for
compaing therelative expressve power of differentlanguages(though somework in
this areais repatedin [23, 24]).

Theworkflow patterrs initiative® (see[9]) aimedat establishinga morestructurel
apprachto the issueof the specificationof contrd flow depedenciesin workflow
langua@es.Basedon ananalysisof existing workflow manag@mentsystemsandappli-
cationsthisinitiative identifieda collectionof patternsorrespondig to typical contiol
flow depemlenciesencounteredin workflow specificationsand docunentedways of
capturirg thesedependencis in existing workflow langwages.Thesepatternscan be

1 A websiteis maintainedat www.tm.tue.nl/it/research/patterns.
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usedasabenchnarkfor compaing workflow offerings,or for determiring the suitabil-
ity of aworkflow managmentsystemfor a given apgication domain

While workflow patternsprovide a pragnatic apprachto cortrol flow specifica-
tion in workflows, Petrinetsprovide a moretheoreticalapprach.Petrinets[31] form
amodelfor concureng/ with aformal foundation,anassociategraghical represeta-
tion, anda collectionof analysistechniges. Thesefeatures, togetrer with their direct
suppat for the notionof state(requredin someof theworkflow patterns)makesthem
attractve asa foundation for control flow specificationin workflows. However, even
thoudh Petri nets(including highe-order Petri netssuchas Colored Petri nets[22])
suppat a nunber of the identified patters, they do not provide dired suppat for the
cancellationpatterrs (in particularthe cancellationof a whole caseor a region), the
synchonizingmeige pattern(whereall active threadseedto be merged,andbrarches
which canna becone active needto be ignored), and patternsdealirg with multiple
active instancesf the sameactivity in the samecase[7]. This realizationmotivated
thedevelopmentof YAWL [8] (Yet Anothea Workflow Language)which combiresthe
insightsgainedfrom the workflow patterrs with the benefitsof Petrinets.It shouldbe
notedthoudh that YAWL is not simply anextensia of Petrinets.In fact,its semantics
is notdefinedin termsof Petrinetsbut ratherin termsof atransitionsystem.

As alanguag for thespecificatiorof contiol flow in workflows, YAWL hastheben-
efit of beinghighly expressve andsuitable,in thesensehatit providesdirectsuppat
for all the workflow patterrs, while the reviewed workflow languayesprovide direct
suppat for only asubsebf them.In addition YAWL hasaformal semanticandoffers
graplical representationfor mary of its concets. Theexpressve powverandformal se-
manticsof YAWL maleit anattractive candidée to beusedasanintermedatelanguag
to suppot translationsf workflows specifiedn different languages.

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 [21]), YAWL initially focusedexclusively
on the contrd flow perspectie. Subseqently, a novel apprachfor dealingwith the
dataperspetive hasbeendesignedandincorporatedinto the prototype. In addition an
appr@achhasbeendesignedalthoudh notyetimplemented)to dealwith theoperatimal
perspectie onthebasisof a service-tientedarchitectue.

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

— A discussiorof theimplementationof the control 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.

Theremainer 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

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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2 Relatedwork

YAWL [8] is basedbn aline of researclgroundedin Petrinettheowy [1, 3,24] andthe
20 workflow patternddocumentedn [6, 9,45]. In previous publicatimswe have evalu-
atedcontemprary systemsjanguagsandstandard usingthesepatterns An analysis
of 13 comnercialworkflow offeringscanbefound in [9] while ananalysis of 10 work-
flow langlagespropcsedby the acadenic commurity is describedn [8]. Commercial
systemghathave beenevalugedinclude COSA (Ley GmbH,[36]) , Visual Workflow
(Filenet, [14]), Forté Conducto (SUN, [16]), Lotus Domino Workflow (IBM/Lotus,
[29]), MQSeries/V@rkflow (IBM, [20]), Stafware (StafwarePlc, [37]), Verve Work-
flow (Versata[39)]), I-Flow (Fujitsu,[17]), InConcet (TIBCO, [38]), Changagine(HP,
[19]), SAP R/3 Workflow (SAR [33]), Eastmarn(Eastman][35]), and FLOWer (Pallas
Athena[11]). Exampesof academipratotypesthathave beenevaluaedusingthepat-
ternsareMeteor[34]), Mobile [21], ADEPTflex [32], OPENflov [18], Menta [44,28,
27], andWASA [40-42]. For ananalysisof UML actiity diagrans in termsof (some
of) thepatterrs, we referto [13]. BPEL4AWS a proposedstandad for webservicecom-
position,hasbeenanalysedn [45], while andhersuchpropsedstandad, BPML, has
beenanalysedn [4]. In [2] WfMC’s XPDL is assesseth termsof thepatternsin total
morethan30languag@s/systembave beenevaluatedandtheseavaluationshave driven
the developmen of the YAWL langua@. Given thatthis pagper focuseson the design
andimplemeration of the YAWL systemwe will notdiscusghe analysisof these30
languaes/systemggfering thereadeito theabove refererces.

As an opensourceworkflow system,the YAWL systemjoins the ranks of a sig-
nificantnumber of previousinitiatives: 18 opensourceworkflow systemsarerepoted
in [30]. Again, the distinctive featureof YAWL with respecto thesesystemsds in the
combiration of its expressve power, formal foundation,andsuppat for graghical de-
sign, complementedby its novel appoachto dealwith the dataand the operatimal
perspectie of workflow by leveragng emeging XML andWebservicegechndogies.

3 YAWL language

Before describingthe architectue and implementsion 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
beenextendedwith featuesto facilitatepatternsnvolving multipleinstancesadwanced
synchonizationpatternsandcancellatiorpatternsMoreover, YAWL allows for hier
archicaldecanpositionandhandesarbitrarily comgex data.

Figure 1 shovsthemodelling element®f YAWL. YAWL exterdstheclassof work-
flow netsdescribedn [1, 5] with multipleinstances;ompaitetasks OR-joins,removal
of tokens,anddirectly conrectedtransitions.YAWL is inspiredby Petrinetsbut is not
just a macropackagebuilt on top of high-level Petrinets:It is a compléaely new lan-
guage with indepenlentsemantics.

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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A workflowspecificgion in YAWL is a setof processdefiritions which form a hi-
erarcly. Taskg areeitheratomictasksor compositeasks Eachcompaite taskrefers
to aprocessdefinitionat alowerlevel in the hierarcly (alsoreferedto asits deconpo-
sition). Atomic tasksform the leavesof the graph-like structure.Thereis oneprocess
definition without a compaite task referiing to it. This processdefinition is 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 > AND-join task

XOR-split task > XOR-join task

L Ly L
Glh O

OR-split task

Q ] remove tokens
[ ] !

Fig. 1. Symbolsusedin YAWL.

> OR-join task

O TN

Eachprocess definition consistsof tasks(either compmsite or atomic)and cond-
tionswhich canbeinterpraed asplaces Eachprocessdefinition hasoneunique input
condtion andoneunique output condition (seeFigurel1). 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.

Eachtask(eithercompgaite or atomic)canhave multiple instancesasindicatedin
Figure 1. We adoptthe notationdescribedn [1, 5] for AND/XOR-splits/joinsasalso
shavn in Figurel. Moreover, we introduce OR-splitsand OR-joinscorrespndingre-
spectvely to Pattern6 (Multi choicg andPattern7 (Synchronisingmeige) [9]. Finally,
Figurel1 shavs that YAWL providesa notationfor removing tokensfrom a specified

2 We usethe termtaskratherthanactivity to remainconsistentith earlierwork on workflow
nets[1, 5].

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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region denotedby dashedounded rectandes andlines. The enablingof the taskthat
will periormthecancdation mayor maynotdependnthetokenswithin theregion to
be“cancelled”. In ary casethe momen this taskexecues,all tokers in this region are
removed. This notationallows for various cancellatiomatterrs.

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 mege). 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-join synchonizesonly 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 [20] doesnot support loops 2.

Figure 2(a)doesnotshav thedataaspectThe YAWL specificatiorfor this exanple
hasl0variabesrangng from the nameof thecustometo flight details.For therouting
of the casetherearethreebodeanvariables want_flight, want_hotel, andwant_car to
selectwhich of thebodking tasksneedto be execued.

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 Singaore, from Singare to Bris-
bane,from Brishaneto 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 destinatiof. Figure2(b)
shaws thatmultiple ssgmentsaremockledby multiple instance®of the compaite task
do_itinerary_segment Thiscompaitetaskis linkedto the processdefinitionalsoshavn
in Figure2(b).In thecaseof multiple instancest is possibleto specifyuppea andlower
bourdsfor the numbe of instanceslt is alsopossibleto specifya threshéd for com-
pletionthatis lower thanthe actualnumbe of instancesi.e., the corstructcompletes
befor all of its instancexompete. 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 specificationcorrespadingto 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
datawhich needgo beaggegated We returnto thisin Section5.2 For the monent, it
sufficesto seethat YAWL indeedsuppots the patternsdealingwith multiple instances
(Patternsl2-15. Notethatonly few systemssuppot multiple instancesFLOWer [11]
is oneof thefew systemdlirectly suppating multiple instances.

% Insteadof loops,MQSeriesWorkflow suppats blockswith anexit condtion.

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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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.
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Finally we considerthe YAWL specificatiorillustratedin Figure2(c). Again com-
positetaskdo_ itinerary_ segmentis decompsedinto the procesdefinition shavn in
Figure2(b). Now it is however possibleto withdraw bookingsby execuing taskcancel
Taskcanel is enabledf thereis atokenin bodking_in _progress If theervironment de-
cidesto execue canceleverything insidetheregion indicatedby the dashedectamgle
will beremored. Clearly YAWL suppats the cancellation patternsthis way (Patterns
19and20). Supprt for cancellatio is typically missingor verylimited (e.g.,Stafware
which hasa cancellatio coneptbut a cancellatio canonly referto a singletaskand
notto aregion of the process).

In this sectionwe illustratedsomeof the featuresof the YAWL languag. Thelan-
guage hasan XML syntaxandis specifiedin termsof an XML schemaSee[46] for
the XML syntaxof the language.In Section5 we will shov somefragnentsof the
languae. However, befolre going into detail, we first presentthe ‘bigger picture’ by
describig the YAWL architectue.

4 YAWL architecture

To suppat the YAWL languaeintroducedin the previous section,we have developed

asystemnusingstate-of-tle-arttechnolay. In this sectionwe describeheoverall archi-

tectureof the systemusingFigure3. Thecoreof the systemis formedby the YAWL en-

gine The YAWL enginecaninstantiatevorkflow specificatios. Theseworkflow spec-
ificationsaredesigneé usingthe YAWL designerExistingworkflow specificationsare
managd by the YAWL repository which canbe accessedhrowgh the YAWL engire.

Eachcasecorrespadsto aninstantiatedvorkflow specificationCasesarehandledby

theengine,i.e., basedon the stateof a caseandits specificatiorthe enginecalculates
which eventsit shouldoffer to theervironmer.

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 webservicesroker, (3) YAWL interopeiability broker, and
(4) customYAWL services The YAWL worklist hander correspondsto the classical
worklist handler(alsonaned*“inbox™) presentn mostworkflov managmentsystems,
i.e.,it isthecommnentusedto assignvork to usersof thesystemThroughtheworklist
hander userscanaccepivork itemsandsignaltheircompletion. In traditioral workflow
systemstheworklist hander is embededin theworkflow engire.In YAWL however,
it is corsideredo beaservicedecoypledfrom theengine The YAWL webservicedro-
ker is the glue betweerthe engne andotherweb servicesNote thatit is unlikely that
webserviceswill beableto directly connetto the YAWL engine sincethey will typi-
cally bedesigredfor moregenerapurposeghanjustinteractingwith a given workflow.
Similarly, it is desirablenotto adapttheinterface of theengineto suit specificservices,
otherwise,this interfacewill needto caterfor an undgerminednumter of message
types.Accordngly, the YAWL web servicesbroker actsas a mediatorbetweenthe
YAWL engine andexterral webservicegshatmaybeinvokedby theengineto delegae
tasks(e.g.deleggatinga“payment” taskto anonline paymem service). The YAWL inter-
operdility brokeris aservicedesigredto interconnectdifferentworkflow enginesFor

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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Fig.3. YAWL architecture.
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exampe, ataskin onesystemcouldbe subcatractedo anotler systemwherethetask
corresppndsto awhole proess.To illustratethatthereis not a fixed setof YAWL ser
viceswe includeda customYAWL service A customserviceconrectsthe enginewith
anentityin theenvironmen of the systemFor examge a customYAWL servicecould
offer conmunicationwith mobile phores, printers,assemblyrobds, etc. Note that it
is alsopossiblethattherearemultiple servicesof the sametype, e.g. multiple worklist
handers, web servicesbrokers, andinteroperability brokers. For examge, theremay
exist multiple implemenationsof worklist handers (e.g, customizedor a specificap-
plication domainor organization) andthe sameworklist hander may be instantiated
multipletimes(e.g.,oneworklist hander pergearaphcal region).

Workflow specificationsare managd by the YAWL repaitory and workflow in-
stancegi.e. casespremanagd by the YAWL engine Clearly, thereis alsoa needfor
amangementool thatcanbeusedto contrd workflow instancesnanually (e.g delet-
ing a workflow instanceor a workflow specificatiol, providing information aboutthe
stateof running workflow instancesand detailsor aggrejateddataabou complaed
instancesThisis therole of the YAWL manayer.

Figure 3 alsoshaws the various interfacesof YAWL. The YAWL enginehastwo
grows of interfaces:(A) interfacescaptuing the interactions betweenthe YAWL de-
signerandthe YAWL manageontheonehand andthe YAWL engineontheother and
(B) interfacescaptuing theinteractiors betweerthe YAWL servicesaandthe YAWL en-
gine.Thegroup of interfaces(A) correspndsto Inteffacel (ProcesDefinition tools)
and Interface 5 (Administration and Monitoring tools) of the refererce model of the
Workflow ManagmentCoalition (WfMC) [26,15]. The groy set of interfaces(B)
corresppndsto WfMC' s Interface 2-3 (Workflow Client Applicationsandinvoked Ap-
plications),andInterface4 (Workflow Interoperability). Both interfaces (A andB) are
specifiedn WSDL. Usersinteractwith the YAWL systemthrough a Web browser i.e.
boththe YAWL managrandthe YAWL worklist hander offer HTML front-ends.

Whencorsideringthe YAWL architectue thereis onefundamentaldesignchoice
compaed to existing workflow managmentsystems:The YAWL engire dealswith
contrd-flow anddatabut not explicitly with users,.e., the engineabstractdrom dif-
ferenes betweenusers,applicatiors, organizatiors, etc. Insteadit usesthe web ser
vicesparadign: exterral entitieseitheroffer servicer requireservicesin atraditional
workflow managerantsystemtheenginetakescareof the‘'What’, ‘When’, ‘How’, and
‘By whomi. In YAWL theengire takescareof the‘'What' and'When’ while the YAWL
servicedake careof the'How' and'By whomi. By separatingheseconcensit is possi-
ble to implemen a highly efficientenginewhile allowing for customizedunctionality.
For exampe, it is possibleto build worklist handles suppating specificorganizdions
or domairs, e.g, processesvher a teamof professionalsvorks on the sameactiity
at the sametime. It shouldbe notedthat the architectue of YAWL is similar to the
architectue ervisionedin the context of webservicecompsitionor choregraghy lan-
guageslike BPELAWS,WSCI, BPML, etc. However, theselanguaestypically only
considerthe enginewhile we do not limit the scopeto this singlecompmentandalso
wantto addessissuessuchaswork distribution andmaragement.

Although the currert implemenation of YAWL is completein the sensehatit is
ableto run workflow instancesit doesnot provide all the functiorality describedn

TechnicalReportFIT-TR-2003-07 Centrefor IT Innovation, QUT
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Figure3. The YAWL engineis fully implemened. The YAWL desigrer is unde de-
velopment.The YAWL managr hasnotbeenimplementedyet. Of the YAWL services
only the YAWL worklist hander is realized,but it is still tightly coupged to the engne
(i.e.it runsin thememoy spaceof theengineratherthanasaseparatservice)anddoes
notyetprovide anHTML front-end.The systemhasbeenimplementedisingJava and
usesXML-basedstandard suchas XPath, XQuery and XML SchemaThe desigrer
is implemened usingJgragh, anopensourcegraphical library (ww. j gr aph. com.
YAWL relies on JDom (www. j dom or g) for evaluatirg XPath expressions Saxon
(saxon. sour cef or ge. net ) for XQuerysuppat, andXercesxnl . apache. or g/
xer ces-j ) for XML schemasupport.

5 YAWL perspectives

Thissectiondiscussethethreedoninantperspecties:(1) thecontrd-flow perspectie,
(2) thedataperspectie, and(3) the opeationalperspectie. Thefirst two perspetives
arefully implemened and are suppoted by the YAWL engine The operatimal per
spectve correspondsto the YAWL servicesidentifiedin the previous sectionandis
only partly realized.

5.1 Control-flow perspective

The contol-flow persgctive 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 instancesf a task (atomicor compaite),
and (3) the “remove tokens” task (i.e., cancellationof a region). Therebre, we focus
on thesethree.Let us first focus on the realizationof the OR-join. Listing 1 shavs
the definition of taskregisterin Figure2(a). The nameelementprovidesthe nameof
the task, the threeflowslino elementscorrespad to the three outgoirg arcs,the join
elementshaws that the taskis an AND-join?, the split elememn shavs that the taskis
an OR-split, the startingMappngs elemet lists the dataelemeits thatareinputto the
task,thecompetedMappigselementists thedataelementshatareprovidedasoutput
by the task,andthe deconposes® elemen refersto the actualdefinition of the task
(whichwe call its “decamposition’). Notethateachtaskelementrefers to a decanpo-
sition element.The deconposition elementcandefinean atomictask or a compsite
task.Multiple taskelemeirts canreferto the samedecanpositionelementto allow for
reuseListing 2 shavs thetaskelemen for the correspondirg OR-join. Although from
asyntacticalpoint of view the OR-join is easyto realize,it is farfrom trivial to realize
the correspading functionality. In the classicalXOR-join the flow contintesafterthe
first input. In the classicalAND-join the flow waits for all inputs. The complicatirg
factoris that the OR-join sometimeshasto synchronize and sometimesot (or only
partially). In theexampe shawvn in Figure2(a)it is fairly easyto seewhento synchre
nize, e.g.,simply court the numter of bookngs enabledandthencountbackto zero

4 Notethatthisis notrelevantsincethereis only oneingoingarc
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Listing 1 Listing 2
i1<task id="register"> 1 <task id="pay">
2 <nane>Col | ect infornmation 2 <name>Book fli ght </ name>
3 f rom cust oner </ nane> 3 <fl owsl nt 0>
4 <fl owsl nt o> 4 <next El enent Ref id="end"/>
5 <next El enent Ref 5 </ fl owsl nt 0>
6 id="flight"/> 6 <join code="or"/>
7 <pr edi cat e> 7 <split code="and"/>
8 / dat a/ want _f | i ght 8 <startingMappi ngs>
9 = "true’ 9 -
10 </ pr edi cat e> 10 </ startingMappi ngs>
1 <i sDef aul t FI ow > 1 <deconposesTo i d="pay"/>
2 </ fl owsl nt o> 2 </task>

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

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

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

for every booking thatis completedHowever, in a gereral sensehis stratey doesnot
work, becauseherecanbe multiple splits (of all types)correspadingto an OR-join.
The semanticsadoptedby YAWL is that an OR-join waits until no moreinputs can
arrive atthejoin. To make surethatthe semanticarewell defined,.e., have afixpoint,
we exclude otherOR-joinsasindicatedin [8]. See[25] for amoreelaborataliscussion
on the topic. As far aswe knaw, YAWL is the first engineimplemerting this stratgy
withoutaddirg additinal constrants suchasexcludingloops, etc.Fromaperfomance
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point of view, the OR-join is quite expersive (the systemneedsto calculateall possi-
ble futures from the current state).To improve perfamance the OR-join conditian is
evaluatedonly 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. The compsite task do. itinerary - segmenthasadditioral elementsto
contrd the nunmber of instancegminimum maximum threshold andcreationmod§g
andelementso contrd the dataflow. Again the syntaxis fairly straightfeward but
therealizationin the YAWL engire is not. Note that multiple instancesanbe nested
arbitraily deepandit beconesquitedifficult to separat@ndsynchramizeinstances.

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-
movesbkenselementgo empy the part of the specificationshavn. The cancellatio
functionality is easyto realizein the engire. The biggest challenges to allow for an
easywayto indicatearegionin the YAWL designerAt this poirt in time we areexper
imentingwith various interaction mecharsmsto allow for a geneic yetintuitive way
to demacatesuchregions.Conditionbookirg _in _processn Figure2(c) alsoillustrates
that YAWL suppots the Deferredchdce pattern Note that the decisionto cancelis
madeby the exterral entity exeauting taskcarcel, andnot by the workflow engire. In
traditioral workflow systemssuch“deferred” or “environment-driven” choicesarenot
possibleall decisionsaremadeby the systembasedn dataasthe XOR-splitandOR-
split construts do. The notion of defared choicehasbeenadmtedby new langlages
like BPEL (seepick constret in [12]) andBPML (seechoiceconstructn [10]).

5.2 Dataperspective

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 languagefor dealingwith data.YAWL is oneof thefew languagesthat

compleely relieson XML-basedstandard like XPathandXQuery.

Listing 3 shavs the declaratiorof variabes for the examge shavn in Figure2(a)
UsingtheelementocalVariable it is possibleto introducetypedvariallesinto thetop-
level workflow. For examge, lines 2-7 definethe variablefor storingthe nameof the
customerThetypeof thisvariableis string andaninitial valueis defined Eachdecom
positionof a taskinto a workflow may alsohave locaVariable elementsVariabes at
thehigherlevel canbe passedntothelower level. Listing 4 shaovs the deconposition
of taskregisterreferedto in Figure2(a).As shovnin lines3-6 of Listing 4, thereis an
input paraneternamedcustomer Taskregister maps dataresidingat the higher level
ontothisinputparaneteratthelowerlevel (i.e.,in thedeconposition)asshavnin lines
23-28 of Listing 1. After completingthetask,dataat the lower level is passednto the
higherlevel. For exanple, lines 24-27 of Listing 4 declarethe parametewant_flight.
Thedatafor this paraneteris deterninedin lines 12-13of Listing 4. After completirg
thedecompsition, this resultis mappedntothevarialle want flight atthehigherlevel
(sedines35-3 of Listing 1). Notethattheexpressiorshavn in line 35 of Listing 1 and
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Listing 3 Listing 4
<root Net id="make_trip"> 1 <deconposition id="register"
<l ocal Vari abl e 2 Xsi:type=
name="cust ormer " > s "WebServi ceBroker Fact sType" >
<type>xs:string</type> <i nput Par am nane="cust oner" >
<initial Val ue> 5 <type>xs:string</type>
Type name of custoner 6 </i nput Par anw
</initial Val ue> 7 <out put Expressi on query=
</l ocal Vari abl e> 8 "/ datal/ custoner"/>
<l ocal Vari abl e nane= 9 <out put Expr essi on query=
"paynment _account _nunber" > 1o "/datal/start_date"/>
<type>xs:string</type> u C.
</l ocal Vari abl e> 12 <out put Expressi on query=
13 "/data/want _flight"/>
<l ocal Vari abl e nanme= 14 C
"want _flight"> 15 <out put Par am nane=
<t ype>xs: bool ean</type> 1 "cust oner">
</l ocal Vari abl e> 17 <type>xs:string</type>
<l ocal Vari abl e nane= 18 </ out put Par an®
"want _hotel "> 19 <out put Par am nane=
<t ype>xs: bool ean</type> 2 "start_date">
</l ocal Vari abl e> 21 <t ype>xs: dat eTi ne</type>
<l ocal Vari abl e nane= 2 </ out put Par an®
"want _car"> 23 C
<t ype>xs: bool ean</type> 2 <out put Par am nane=
</l ocal Vari abl e> 25 "want _flight">
<l ocal Vari abl e nanme= 2 <t ype>xs: bool ean</t ype>
"flightDetails"> 27 </ out put Par an®
<type>xs:string</type> a2 Ca
</l ocal Vari abl e> 20 </ deconposition>

theexpressiorshavn in line 12-13 of Listing 4 are XPathexpressiongo accesanode.
However, arbitraily comple transfornationsarepermittedhere usingthefull expres-
sive power of XQuery Moreover, unlike otherlanguags, parametes may be optional
or mandtory,

If ataskis anOR-splitor XOR-split, predicae elementsareusedo specifyboolea
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 10 in Listing 1).
If all predicate®valuateto false,this arcis chosentherdoy actinglike an“otherwise”
brand. In theexanple of Figure2(a),atleastoneof 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-spliteachpredicae needso have anordering
attribute thatis usedin casemultiple predicatesvaluateto true. If predicatesarenot
mutuallyexclusive, theonewith thelowestnumbe thatevaluatedo trueis selected.
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Fromthe viewpant of data,the handlirg of multiple instancess far from trivial.
Considerfor examge Figure2(b), the subpocesss executed for eachsggment of the
itineraryandthusthereis datafor eachsegmert (destinationstart date flight _details,
etc.). Thenunberof instancesreatedout alsothe maximum, minimum, andthreshdd
mayall depenl ondata.Dataat thehighe level needso besplit overtheinstancesand
aftercompgetion 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 environmer by means
of acollectionof “Y AWL services” which areresposiblefor handlirg the operatimal

andtheresouceperspecties of workflow specificatios, aswell asfor supmrtingcom-

municdion betweerdifferent YAWL endgnes.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 implement a

comma WSDL interface, andrecipracally, the YAWL engineprovidesa singleinter-

facefor all YAWL servicesThesenterfacesdefinemessagéypesfor:

— Atomictaskdeconpositionmanagmentregisteringandunregisteringtaskdecom
positionsinto YAWL services.

— Atomic taskinstancemanag@ment:creatingtaskinstancesnotifying the startand
completion (whetrer successfubr not) of taskinstancescancellingtaskinstances,
andprobing the statusof ataskinstance.

— Workflow instancemanagment:creating monitoiing, andinteractingwith work-
flow instances.

— YAWL servicesconnectio managerant: registeringandunregistering YAWL ser
vices,repoting andproling the availability of YAWL services.

Whenanen 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 thetravel prerationexampe, onepossiblesce-
nariois that the tasksregister, flight, and hotel areto be registerel with the worklist
service while thetaskpayis to beregisteredwith the YAWL webservicesdroker (e.g.
the paynentis handed by anextemal paymaent service) If theseregistratiors aresuc-
cessfulthe YAWL engineis thenableto createinstance®f thesetasks.Unsuccessful
taskregistrations leadto errois andthe YAWL engire repots backtheseerrors 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 ataskdecompsitionspecifiegshetasksinput andoutput datatypes.
It may specify otherinformationdepeming on the natureof the YAWL servicewith

5 Notethatwe usetheterminologyof WSDL version2.0ratherthan.1.
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whichthetaskwill beregisteredin the caseof tasksthat are registeredwith a worklist

service thetaskdeconpositionmustspecifytherole(s)thatareableto view instances

of thistaskandtherole(s)thatareableto pick instance®f this taskfrom the worklist.
In the caseof a webservicebroker, 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 Usingthis information,thewebser
vice broker canexploit the fundionality provided by the Web Servicednvocation
Framevork (http://ws.apche.og/wsif), in order to interactwith WS

In the settingof the travel prepaation workflow, andassuminghatthe taskpayis
delegaedto a paymentservice(sayPS), the deconpositionof this taskmustprovide
theWSDL interfaceandbinding for PS andatableindicatingthatfor exampe:

— OperationCreate Bskinstanc®f thecommonYAWL servicesnterfaceis mappel
to opeationInitiateOrlinePaymen of PSservice.

— OperatiorOnlineRymentinitiatedof PSmapgo operatim TaskStarteafthe YAWL
servicednterface.

— OperationOnlineRyymenCompletedof PS mapsto opeation TaskCompleteaf
the YAWL servicesnterface

— OperationCancelBskof the conmon YAWL servicednterfacemapsto operatim
CancelRymen of PS

Notethatthesemappirgs shouldalso specifyhow the input dataof oneoperatio
mapsto theinput dataof the otheropeation,andsamefor the outputdata.

To be registered with a YAWL interoperbility broker service a task decanposi-
tion TD mustspecify:(i) the identifierof the YAWL engineto which instancef this
taskwill be delggaed; (i) the nameof the YAWL procesgo 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 interogerability
broker createsaninstanceof thedesignategrocessn apossiblyremoteYAWL engne
(usingthe workflow instancemaragemenbperatims of the comma YAWL services
interfaces) Whenthis proessinstanceconpletes,the interoperability broker collects
the outpu data,corvertsit accordng to the mappirg givenwhenthe taskdecanposi-
tion wasregistered,andreturnsit to the YAWL enginethattriggered the instantiation
of TD.

Notethatin this processintergoerabilitymodel,the executionof a processnstance
is seenas“atomic’, i.e. no commuicationoccus betweenthe creationand compe-
tion of the processnstancelt is ernvisagedthatthe YAWL systemwill be exterdedto
suppeot communicationbetweerruming processinstances.

6 Example and on-line demonstration

Thissectionillustratesthecurrertimplementatio of YAWL usinga smallexamge that
canbedownloadedandrun from the YAWL site[46]. Figure4 shavs thelife-cycle of
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a musicianfrom the viewpoint of a recordcomgany. The goal of this playful exanple
is not to shav a realistic businessscenariobut an easyto understandexampleshow-
ing the main concepts.The top-level processstartswith a choicebetweendoing an
auditionor first learnirg to play aninstrumen (Pattern4: Exclusive choice) Themusi-
ciancanlearnmultiple instrunentsin parallel (Pattern15: Multiple instanceswithout
aprior runtimeknowledge)followedby the decisionto join a bard or to go solo (Pat-
tern 16: Deferral choice) In bothcasesmultiple songsmay be written (againPattern
15) andor a live perfomanceis given after which the musiciangetsa contract(Pat-
tern6: Multi-choice/Rattern7: Synchionizing meige). The auditioncanfail and,if so,
the musiciantries againor continues learningto play instrumeis (Pattern5: Simple
merge/Pattern16: Deferredchoice/Ritten 10: Arbitrary cycles).Evertually the musi-
cian endsup makirg a recod. This is moddled by a compaite task (Make Recod)
contairing a loop in which multiple songscanbe recaded(seelower-level processn
Figure4). The subpr@essusesPattern5: Simplemeige, Pattern16: Deferral choice,
andPatternl15: Multiple instancesvithout a prior rurtime knowledge.After compet-
ing the subpocessin parallela choiceis madeanda sequences execued, followed
by a synchionization (Pattern2: Parallel split/Pattern16: Deferred choice/Rtten 1:
Sequene/Rattern7: Synchraizing merge) thuscomgeting the YAWL specification

Multiple Instances wit !

apriori runtime knowledge.
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Decide L) Teanto

Get
recording
contract
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0 maks play Join Wiite I
instrument band son
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Intop S R
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i solo (V1L
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Synchronising merge |
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Fig. 4. Exampleof a YAWL process.
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Figure 4 does not shawv the dataperspetive (which is specifiedseparately) The
dataperspetive of thisworkflow specificatiorstateghatmusiciandhave aname songs
have atitle, etc.Additiondly, in the caseof the compsitetaskMake Recod whichwill
be instantiatedmultiple times, the dataperspetive specifiesthe effective paraneters
thatwill be passedo eachinstance(e.g.anexpressionfor computing the actualname
andotherpropertiesof agivensong).

Figure 5 shavs somescreenshotsf the tool while exeauting several instancesof
the YAWL specificationof Figure4. The worklist of ‘Wil vander Aalst’ is shavn in
the bottomwindow. The left window shaws the currert YAWL manage shaving 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 preserted the designandimplementation of the YAWL system.The
YAWL systemfully suppats the YAWL langwagewhich is basedon an analysisof
morethan30workflow systemslanguayesandstandard. Theexpressienessof YAWL
leadsto challengng implementationproblens suchasdealingwith multiple instances,
adwarcedsynchonizationmechaisms,andcancellation capaliities. We considerthe
curren versionof YAWL asa prod of corceptfor the languae introdwedin [8]. In
ouropinion ary propsedanguae shouldbe suppoted by atleastarunnirng pratotype
anda formal definition Too mary standards/laguageave beenpropsedwhichturn
outto have semantigrablems.

At this poirt in time we arerealizingthe architectue shavn in Figure3. As indi-
catedin Section4, the prototypeis a full-fledged workflow systembut the architectue
hasonly partly beenrealized.One of the most challendgng prablemsis to fine-ture
the interaction betweenthe engire andthe YAWL services Another topic for future
researchis thedevelopmen of dedicatedanalysistools.
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£ YAWL Engine Manager 1Ol x|

~Loaded Worl
SpecificationD | Root et Mame |
hitpciyawlwiki . citi.gut.edu. aweng... |Makeru1usic -

-

[—] Old Format [~] lgnore Errors Unload YWorkflow _ |

~Active Cases 1.1
decide
mﬁﬁ%@%?ﬂﬁmwgm o Cae 1% Decide to make music
hittpitvalwiki.citi gut edu.aufeng... |11 nov 24 9:41:56

hittp:fhyamewiki citi qut. edu.aueng... |12
hitp:fivawlwiki citi gut. edu.aweng... 113
hitpciawlwiki citi gut edu.aweng... (14

- P -

<datax
Manage Cases
<!--Data Type: xs:hoolean

Iz Mandatory: false-->
<shortfutxfalse ()< /shortfut>

|»

~Active Worklists <!--Data Type: ®3:sTEing
Is Mandatory: true-->
Userhame <applicant>John Denwver</applicant>
Arthur ter Hofstede - o data

Lachlan Aldred
Marlon Dumas
Wil van der Aalst

o cremewonwst | el e
£ Wil van der Aalst’s Worklist _ | |:||5|

~Scheduled Tasks
Case |D| TaskID Description Status Enablement Time Firing Time | |
10 decide |Decide to make music Enabled noy 24 9:39:02 -
12 decide |Decide to make music Enahled nov 24 9:39:02
13 decide |Decide to make music Enahled nov 24 9:39:02
15 decide |Decide to make music Enahled nov 24 9:39:03
2 decide |Decide to make music Enabled noy 24 9:38:59
3 decide |Decide to make music Enahled nov 24 9:38:59 -
‘ Apply for Task |
~Wil van der Aalst's Active Tasks
Case D Task D Description Enablement Time Firing Time Start Time |
1.1 decide |Decide to make music nov 24 9:38:58 nov 24 9:41:56 nov 24 9:41:56 -
11.1 decide |Decide to make music nov 24 9:39:02 nov 24 9:42:00 nov 24 9:42:00
141 decide |Decide to make music noy 24 9:39:02 noy 24 9:41:58 noy 24 9:41:58
4.1 decide |Decide to make music nov 24 9:39:00 nov 24 9:42:02 nov 24 9:42:02

Fig. 5. Screenshotsf the currentYAWL managerYAWL worklist handler anda form to fill in
data.
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