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Abstract:
CompositeWebservicedesignusingmodel-drivenapproacheshasbeenin usefor

severalyearsnow, but themodelingof transactionalpropertiesis still uncommonand
hasnot yet beensubjectto muchresearch.For a distributedsystemof autonomous
componentslike Webservices,especiallywhenthey areusedfor implementingbusi-
nessprocesses,transactionalguaranteescanbeof vital importance.In this paper, we
proposea model-driven approachwhich introducesa separatedesignlayerdedicated
to transactions.We show thatour systematicmodelingapproachis ableto introduce
transactionsin the designwithout increasingthe complexity of the basicUML dia-
gram. Our approachcanalsobe reusedto specifyotherpropertiesof Web services
suchassecurityrequirementsor work�o ws in additionallayers.

1 Intr oduction

Webserviceshaveslowly becomemoreandmorecommonplaceover thelastyears.Lan-
guageslike BPEL [BIM

�

03] have facilitatedthecompositionof severalsimpleWebser-
vicesinto largercompositeservices.As Webservicecompositionsgrow, thecomplexity
of designingandmaintainingbusinessprocessesincreaseswith them. Tools for method-
ologicaldesignlikeUML [OMG03] havebeenavailablefor years,andthey havealsobeen
appliedto businessprocessdesign[KHK

�

03, OYP03, BDS05].

An importantpropertyof businessprocessesaretransactions.It mustbepossibleto guar-
anteethata businessprocesscanhaveonly pre-de�ned,consistentoutcomes(e.g.success
or completefailure,but neverapartialresult).Transactionscanbedividedinto at leasttwo
typesthatarerelevantfor businessprocessmodeling[Pap03]: ACID transactions(which
have beenusedin databasesfor decades)and long-runningtransactionswhich violate
someof thetraditionalACID properties.Thesetwo maintypescanbefurtheraugmented
with quality of serviceattributes.

Severalspeci�cationsexist which augmentthebasicWebservicestandardswith transac-
tions (e.g. [BIM04b, OAS04, AFI

�

03]). The speci�cationsuseXML to expresstrans-
actionalsemantics.Programmerscancombinethemwith BPEL in order to implement
businessprocesseswhichdependon theavailability of transactions.



Implementingtransactionsdirectly e.g.accordingto the WS-BusinessActivity speci�ca-
tion is error-prone. It is also directly opposedto the model-driven architecture,whose
goal is to minimize theamountof hand-writtencodeby formalizing thedesignstep.On
the other hand, including transactionalpropertiesas annotationsto the existing design
diagramsmight easilymake themunreadable,subverting the gainsof the model-driven
approach.

In thispaper, weproposetheuseof two layersof designdiagrams.Thestructurallayercan
be createdwith existing model-drivenmethodologies,andthe transactionallayer usesa
UML classdiagramto modelthetransactions.Theselayersaremergedby OCL references
from thetransactionalto thestructuralview. Thisapproachallowsusto easilymanagethe
addedcomplexity andalsohelpsthearchitectswhendesignchangesarenecessary.

In Section2,wepresentacasestudywhichwewill referto throughoutthepaper. Section3
extractstransactionalrequirementsfrom thecasestudyandidenti�es generalchallenges
with transactionsin Webservices.As aresponseto thesechallenges,Section4 introduces
our modelingmethodology. Structureandtransactionsof thecasestudyaremodeledin
two separatediagrams,and the merge pointsare identi�ed. Section5 discussesrelated
work. Finally, Section6 sumsup themainpointsof thepaperandreachestheconclusion.
It alsogivesanoutlookon futurework.

2 CaseStudy

We will motivatetheapproachpresentedin our paperwith a casestudy. Our exampleis
anextensionof similar casestudiesfoundin variouspaperson Webservicecomposition.
Theassumptionsin thiscasestudycontaina few �a wswhichmaynotyetbeapparent,but
will berevealedduringthetransactiondesignphase.

Figure 1 shows how the Web servicesin our examplework together. Web servicesin
bold font arecompositeWebservices;they requireotherWebservicesin orderto operate
correctly. TheWebservicesdepictedin normalfont aretypically providedasacompany's
gateway to theoutsideworld. Eachof themis managedindependently. A UDDI registry
maybeusedto locateservicesimplementingagiveninterface,e.g.airlines,but thisfeature
is not yet includedin our casestudy.

The task of organizinga trip to a conferenceconsists,amongother things, of booking
a �ight to the conferencelocation,bookinga hotel, andorganizingthe trip betweenthe
airportandthehotelby bookinga taxi (for theexample,we ignorethepossibilityof a taxi
standin front of theairport).Thebookingserviceshavekindly beenprovidedby umbrella
organizations.

The�ight reservationservicequeriestheWebservicesof someairlinesfor theavailability
of a �ight with a givensetof restrictions(airports,numberof stops,price). Someairlines
accessWebservicesof associatedairlinesfor completingtherequest(e.g.mostAir France
�ights within theUSA areoperatedby Delta).
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Figure1: CaseStudy:ConferenceReservationSystem

The(�cti ve) GlobalAssociationof Taxi Driversoperatesa Webservicethatoffersa sin-
gle accesspoint for themajor cities' taxi associations.As an example,theLondonTaxi
Driver'sAssociation'sWebservicemayqueryseverallocal taxi companies— otherlocal
associationswill likely do thesame.

Finally, thehotelreservationserviceprovidesuniformaccessto severalhotelchains.Since
most major chainsoperateglobally, a localizedservicelevel (as in the taxi reservation
example)is not implementedhere.

3 Requirementsand Challenges

In this section,we will identify sometransactionalrequirementsthatcanbederivedfrom
thecasestudy. Wewill alsoidentify somegeneralchallengesfor Webservicetransactions.
Not all of theproblemsindicatedherehavebeenaddressedin this paper, somearesubject
to futurework. This list canserveasaguidelinefor designersof compositeWebservices.

3.1 TransactionalRequirements

In order to implementthe collaborative Web servicesof the casestudy, the transaction
subsystem(in factsubsystems,sinceit is unlikely thateachcompany usesthesametrans-
actionsoftware)needsto ful�ll anumberof requirements:



Long-running Transactions: It is generallyaccepted(seee.g.[Pap03]) thatACID trans-
actionsareunsuitablefor mostbusinessprocesses.Traditionaldatabasetransactions
typically have a shortduration,andthereforedatabasetablesaffectedby a transac-
tion canbelockedwhile they arerunning.

On theotherhand,thetransactionsneededfor our casestudyinvolve thecoopera-
tion of a large numberof Web services.Thoseservicesdo not even belongto the
samecompany andmaybedistributedglobally. In sucha setting,network connec-
tionsmayfail, subtransactionsmayneedto becompensated,alternativeoptionsmay
needto be considered,andevenhumaninterventionmaybe necessary. Locking a
databasetablefor theentiretime the long-runningtransactionis active is therefore
no longerpractical.

The solution proposedby current Web service transactionspeci�cations like
[BIM04b, OAS04,AFI

�

03] consistsof weakeningtheatomicityandisolationprop-
ertiessothatseveralconcurrentlong-runningtransactionsmayaccessthesameun-
derlying databasetables. They aretypically calledbusinesstransactions,andcan
consistof acompositionof severalACID transactions.

Alter nativeProcessPaths: In somesituations,alternative pathswithin a businesspro-
cessmay lead to equallyacceptableresults. When we want to book a taxi from
Heathrow airport to a downtown Londonhotel, thegoal to have a taxi readywhen
we leave theairport (�ight delaysarenot consideredhere)is moreimportantthan
thepricedifferenceof aPoundbetweentheavailabletaxi companies.

For the �ight selection,on theotherhand,theselectionof thetransactionthatwill
eventuallybe committedwill usuallydependon (preliminary) resultsreturnedby
the involved Web services.Air France,for example,doesnot offer direct �ights
from Viennato London. Booking a non-stop�ight with British Airwaysremoves
theinconvenienceof switchingplanesin Parisaswell asthepossibilityof missing
the second�ight becauseof a delay in the �rst one, and the single �ight ticket
may be cheaperthantwo of them. However, if for somereasonwe can't reserve
a British Airways�ight, it would still be goodto useAir France's Web serviceas
a fallback. All of this is known in advanceandcanbe speci�ed explicitly in the
businessprocess.

For thehotel,wehavenoopinionin advance.We will askall availablehotelchains
andcommitthetransactionwith thelowestpriceat thespeci�edlevel of service.

PhasedTransactions: As explainedin [PC03, LZ04], businesstransactionscouldgreatly
bene�t from amulti-phasemodel.In thismodel,a �rst pre-transactionphaseshould
establishtentative holdson the resourcesthat will be accessedin the transaction.
In our example, the price of a �ight can be queriedbeforethe main transaction
phase.If thepriceshouldlaterchangeor the�ight becomeunavailable,theairline
Webservicewill notify its client that the tentative hold hasbeenremoved,andthe
pre-transactionphaseneedsto berepeated.This procedurereducesthenumberof
(main) transactionsneededin a complex businessprocessandthereforeincreases
thechanceof a successfulcommit.



After themain-transactionphase(which executestheagreementprotocol),a post-
transactionphasecanbeusedto exchangematerialsrelatedto thetransaction,e.g.an
electronicallysignedcontractor furtherdetailssuchaswhenthepassengersshould
beat theairportandhow muchbaggagethey cantake with them.Thesedetailscan
beexchangedafterthetransactionhascommittedbecausethey arenot importantto
the transaction's outcome,andremoving themfrom the transaction's body further
reducesthesizeof thetransaction,which in turnreducesthechancesfor transaction
rollbacks.

Quality of Service: Anotherissuethatneedsto beconsideredis quality of (transaction)
service.We havealreadydiscussedthedifferencebetweenACID andlong-running
transactions,but eventhesetwo modelscanbefurthersubdivided.

Examplesof qualityof serviceaspectsarewhetherthetransactionscanbeorganized
hierarchically, whethera transactionis local to a singleWeb serviceor canbe ex-
tendedfor operationin a compositeWeb service,whethera transactionis aborted
aftersometime of inactivity, or whetherdataregardingthetransactionis transmit-
tedvia securechannelsonly. Theseaspectsneedto beconsideredwhenacomposite
Webserviceis designed.

3.2 Challenges

Becausetherequirementsfor Webservicetransactionsdiffer from thosefor conventional
ACID transactions,someof the solutionsdevelopedfor databasetransactionscannotbe
reusedandnew conceptshaveto beintroduced.Wehaveidenti�ed anumberof challenges
thatneedto beaddressed:

Transaction Model: For a singleWebservice,a traditionaldatabasetransactionmay in
somecasesbesuf�cient. However, assoonasWebservicesarecomposedto form a
largercompositeservice,non-ACID transactionsareneededsothatresourcesdonot
have to be lockedfor long periodsof time [LZ04]. A WebservicethatusesACID
transactionsperdefaultshouldbeableto distinguishbetweenasimplerequestto its
portsanda compositerequestby anotherWebservice.

Compensation: With a non-ACID transactionalstyle, implementingcompensationbe-
comesa necessity. Many Web servicesdo not provide portsfor compensationac-
tions(suchasreturningtheticket to theairlinewith a full refund).If aparticipantin
a compositeWebservicetransactiondecidesthat thetransactionneedsto berolled
back,it mustbepossibleto undoall preliminaryresults.

Timeouts: Thechallengeof compensationdirectly leadsto thequestionof timeouts.A
company needsto be able to specify a maximumtime that a transactioncan be
running. It would bebadfor businessif customerscouldprolongtheir transactions
androll back(or compensate)at any time. Airlines, for example,usuallycharge
differentcancellationfeesdependingon thetimeremaininguntil the�ight.



Transaction Hierar chies: WhenWeb servicesareassembledto form a compositeser-
vice, it maybehelpful to usehierarchicaltransactionsto re�ect thestructureof the
compositeWeb service.Within a work�o w, hierarchicaltransactionsarealsouse-
ful becausesubtransactionscanthenbe exchangedif they fail. In our example,if
thesubtransactioninvolving a givenLondontaxi company fails, we want to create
a secondsubtransactionwith anothertaxi company. In this case,it is enoughif a
singlesubtransactioncommits.

Enforcing Transaction Semantics: Wheretransactionhierarchiesareused,it mayhap-
pen that lower-level Web servicesdo not supportthe transactionalpropertiesre-
quiredby thehigher-level compositeservicesthataccessthem.A transactionneeds
to beableto querythepropertiesof subtransactionsandreportafailureif its features
areinsuf�cient.

Scopeof Transactions: In thecaseof hierarchicaltransactions,we have to decidewhe-
ther we want to usea small numberof larger transactionsor a large numberof
relatively smalltransactions,i.e.whetherthescopeof asingletransactionshouldbe
largeor small. Smallertransactionsshouldreducethework neededfor a potential
compensationin mostcases,but they introducemoreoverheadin transactionpro-
cessing.A problemthathasnot yet beensolved is whetherwell-sizedtransaction
scopescanbegeneratedautomatically.

Registration: For someWeb services,thequestionwhenall participantshave entereda
transactioncanbehardto judge.A stockexchangeWebservice,for example,may
involve anarbitrarynumberof interestedpartieswho statetheir bids in a common
transaction.Whenthe transactioncommits,the bestbid is selected.However, it
mayalwaysbepossiblethatabetterbid will arriveaftertheagreementprotocolhas
beenexecuted.

Dynamic invocation: WhenWeb servicesareto be composeddynamically, i.e. at run-
time insteadof atbuild time,anadditionaldif�culty is introduced.TheWebservice
registryneedsto beableto understanddifferencesbetweentransactionalmodelsso
thatit doesnotreturnservicesthatdonotful�ll thedesiredtransactionalguarantees.

Deadlocks: Thedistributednatureof Webservicesaddsanotherdif�culty to theproblem
of deadlockdetection.Differentprogrammersmay independentlyimplementa se-
quenceof queriesto thesameWebservices,which caninterlockduringexecution.
Detectionof suchdistributeddeadlocksis a complicatedtopic (seee.g. [Elm86]),
especiallysinceshorttimeoutsarenot an option for Web services.Again, a good
designmethodologycanhelpto discover thisproblem.

Work�o w Issues: In many cases,several equivalent transactionshave to be startedin
orderto comparetheoffersof differentcompanies.Dependingon thepreliminary
results(compulsive businessoffers), a single transactionis committedwhile the
othersarerolled back. Either the transactionsubsystemor a work�o w enginein
thebackgroundmustsupportthis typical behavior andallow thespeci�cationof an
objectivefunction.



3.3 DesignIssues

WhenWebservicesarebuilt in anad-hocway, notall of theaboverequirementsareusually
addresseddirectly, andnot all of the challengesarerecognizedby the developers.Even
whena designphaseprecedesthe implementation,Web service-speci�cchallengesmay
beoverlooked.

Therefore,we proposea uniform modelingmethodologyfor Web servicetransactions
basedonUML [OMG03]. OurapproachaimsatenhancingexistingUML diagramswith a
transactionalview. Themethodologyhasbeendevelopedto supportadesignthatconsiders
therequirementsandchallengesof Webservicesthathavebeenmentionedabove.

4 Modeling Transactions
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Figure2: TheBasicIdeaof OurModelingMethodology

Thebasicideabehindour modelingapproachis a layereddesign.At thebottomlayerwe
usethe (possiblyalreadyexisting) UML descriptionof theWeb services.VariousUML
diagramtypescanbeusedfor therepresentationof thisbasicarchitecture,aswell asother
languagessuchasBPMN [BPM04], UMM [UN/01], or ISDL [QDvS04].

On top of thesediagrams,otherdiagramlayerscanbeplaced.In this paper, we examine
the representationof transactions,but for the future we plan to enhanceour modeling
methodologyto includeat leastadditionallayersfor securityandwork�o w management.
Figure2 depictsthebasicidea.



As the�gure shows,thehigh-level transactionalmodelreferencesobjectsin thelow-level
structuralmodel. Thesereferencesareusedfor establishingtransactionboundarieswith-
out addingadditionalcomplexity to the structuralmodel diagram. The bene�ts of this
approachwill beillustratedtowardstheendof this section.

For thediagramsthemselves,all modelinglanguagesableto expressthenecessaryfunc-
tionality (compositeWeb servicestructure,transactions,security, or work�o w) can be
used.Differentmetamodelscanbeusedfor differentlayersaswell. Theonly additional
requirementis theavailability of referencesto elementsof thestructuralmodel.

4.1 Extracting Transactionsfr om the Structural Model
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Figure3: StructureStatechartDiagram

In Figure3, wehavedepictedaUML statechartdiagramof ourcasestudyfrom Section2.
Thisdiagramstill containsamixtureof Webservicestructureandwork�o w issues,which
will haveto bedividedinto two separatelayersin thefuture.Dependingontheirrolein the
collaboration,differentparticipantswill beinterestedin differentsubpartsof thisdiagram,
which leadto differenttransactionalrequirementsasshown below:



1. The enduserof the compositeWeb serviceonly knows the statesStart,Reserva-
tion (“Running”), Success,andFailure. Thewholeprocessshouldthereforeeither
succeedor fail, and in caseof failure any preliminary resultsshouldbe deleted
(atomicityguarantee).Compensationis not required.

2. Thereservationservicequeriesthe�ight reservationservice,thetaxi reservationser-
vice, andthehotel reservationservicein sequence(for simplicity, we have chosen
not to useconcurrency in this example).Eachof thoseserviceseitherfails or suc-
ceeds.In thecaseof a failure,resultsfrom earlierservicesneedto becompensated
to ful�ll requirement1. The�ight reservation,however, cannotbecompensated—
therefore,its transactionneedsto beprolongeduntil theothertransactionscommit
successfully.

3. The �ight reservationserviceinternally invokestheWeb serviceof eachairline in
turn (againwe disregardconcurrency issues).Then,it comparesthe offers to �nd
theonewhichbestsuitstheuser'srequirements.Finally, the�ight is booked.As we
have statedin requirement2, theairlinesdo not offer compensation.A transaction
with an airline may run as long as4 hours,then it is terminatedby the airline's
server. Therefore,we wait until thetaxi andthehotelarebookeduntil we con�rm
thetransaction.

4. Thetaxi reservationserviceitself only invokesunderlyingWebservicesdepending
on thedesiredlocation,andthereforedoesnot needto ful�ll transactionalguaran-
tees. The local taxi reservation services,however, provide atomic servicessince
the serversaregeographicallyclosetogether. Therefore,the local transactionre-
quiresthe shorttimeoutof 5 minutes.On theotherhand,taxi reservationscanbe
compensatedwithin anhourafterbooking.

5. Thehotel reservationworks similar to theairline reservation,exceptthat thehotel
reservationcanbecanceled.However, accordingto 2, compensationis not neces-
saryat thehigherlevel. (In a real-world example,we would, after this realization,
rearrangethe designof the subtransactionsof the reservation serviceso that the
�ight transactionis invokedlast.)

4.2 The TransactionalDiagram

Thestructuralmodeldiagramalreadycontainsmuchinformation,andaddingtransactional
semanticsto the diagramwould not improve readability. Therefore,we usea separate
UML diagramto capturethetransactionalrequirementsidenti�ed above.

For thetransactionalmodel,we have useda UML classdiagram.We did not introducea
new diagramtypebecausetheclassdiagramis expressiveenoughfor ourneeds,andexist-
ing UML toolsalreadysupportthis diagramtype. Eachtransactionis modeledasa class.
Subtransactionsthat areinvoked by higher-level transactionsaredepictedassubclasses.
Finally, taggedvaluesandstereotypesaddthenecessarytransactionalsemantics.



For referencingelementsfromthestructuralmodel,theObjectConstraintLanguage(OCL,
[OMG03]) is used.It is de�nedaspartof theUML speci�cationandis thereforesupported
by many UML tools. However, UML canalsowork with otherexpressionlanguagesif
necessary.
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Figure4: TransactionClassDiagram

Figure4 showsthetransactionalmodeldiagram.Wehaveusedtheterms“atomic transac-
tion” and“businessactivity” from [BIM04a, BIM04b] to indicateACID andlong-running
transactions.(Thetransactionspeci�cationusedby adesigndiagram,includingtheagree-
mentprotocolexectued,needsto be de�ned separatelyto completethesemanticsof the
model. In our case,this needsto be donefor AtomicTransactionandBusinessActivity.)
They areaddedto thetransactionclassasa stereotype.If no transactionneedsto beused
for aWebservice,thestereotypeInvocation is used.

The supportfor compensatinga whole transactionis addedto the classas the tagged
booleanvaluecompensation . Similarly, qualityof servicepropertiescanbespeci�ed.
In ourdiagram,thetimeoutfor thetransactionitself andthetimeoutfor invokingapossible
compensatingtransactionhavebeenincluded.

TheWebservicesthatarecoordinatedby atransactionaredisplayedasattributes.Thecon-
structorsof thetransactionclassindicatethetransitionsin thestructuraldiagramatwhich
the transactionmustbe started. Similarly, destructorsshow the termination(commit or
rollback)of thetransaction.Finally, methodsdescribedby the invocation stereotype
canreferencetheconstructorsof subtransactionswhich cannotbemappedto a transition
in thestructuralmodel.



For clarity, we have left the individual (non-composite)Web servicesout of the transac-
tional modeldiagram— atomicity is assumedfor all non-compositeservicesthatarenot
includedin a transactionaldiagram.Excludingthoseservicesimprovesthereadabilityof
thediagram.

4.3 Merging the Diagrams

Figure5: MergingStructuralandTransactionalModel

Figure5 illustrateshow the structuralandthe transactionalmodelwork together. Each
constructoranddestructorin the transactionaldiagrameithermapsto a transitionin the
structuraldiagramor to an invocationin the transactionaldiagram. An importantpoint
that the �gure alsodemonstratesis that— aswe have statedearlier— a singlediagram
for bothstructuralandtransactionalview is almostunreadable.

5 RelatedWork

In this section,we discusstwo main typesof relatedwork: Relatedmodelinglanguages
mayhavebeenusedinsteadof UML in ourpaper. Thiswouldnothavechangedtheunder-
lying conceptof separationof concerns.Relatedmethodologiesarealternativeapproaches,
bothbasedonUML andothermodelinglanguages.



5.1 RelatedModeling Languages

TheBusinessProcessModelingNotation(BPMN)[BPM04] standarddescribesanotation
for designingbusinessprocesses.Theclaimof thedocumentis to unify existingnotations,
and to easedesignof executablebusinessprocessesin BPEL4WS[BIM

�

03]. Similar
to UML, the speci�cation allows several diagramtypes. Sometransactionalproperties
(boundaries,compensation)arealsosupportedby the speci�cation. We usethe broader
UML speci�cationfor ourapproachbecausewewantto addadditionallayerslikesecurity
to our methodologyin thefuture.

UN/CEFACT's ModelingMethodology (UMM) [UN/01] is a UML pro�le for modeling
businessprocesses.Basically, it supportsfour hierarchicallyorganizedviews: Business
domains,requirements,transactions,andservices.Usingtheseviews, a businessprocess
canbemodeledtop-down. However, graphicalmodelingof transactionalpropertiesis not
mentioned.

The Interaction SystemDesignLanguage (ISDL) [QDvS04] providesanothergraphical
languagefor modelingWebservices.Wedid notusethelanguagein ourpapersinceUML
is morewidely known andadditionallysupportsreferencingdiagramelementswith OCL.

5.2 RelatedMethodologies

[KHK
�

03] describeshow modelsfrom theUML andADF methodologiescanbe trans-
formed into platform-speci�c models. From thesemodels,descriptionsin BPEL4WS
[BIM

�

03] can be derived. However, transactionsare only mentionedas a side aspect
of modelingin thepaper. [NK04] extendsthis approachby de�ning patternsfor therules.

[OYP03] discussesWeb servicecompositionin several phases(de�nition, scheduling,
construction,andexecution). During thesephases,the modelshouldgraduallybecome
moreconcrete.Themethodologyis basedon UML, OCL, anda setof compositionrules.
Transactionsarenotexplicitly mentionedin theserules.

[DD04] statesthatamulti-viewpointapproachis neededfor designingcompositeservices.
Thepaperidenti�es theviewpointsof interfacebehavior, providerbehavior, choreography,
and orchestration.Petri netsare usedfor the modelingapproach.The paperdoesnot
discussdistributedtransactionsissues.

[BDS05] also usesstatechartdiagramsto model compositeWeb services. The paper
focuseson distributedcomposition. Transactionsareshortly mentionedin future work,
whereit statesthattransactionalsemanticsshouldbeintegratedinto themodelfor agroup
of statesin astatechart.However, nosystematicapproachis givenyet.



5.3 Other RelatedWork

[KB04] proposesa templatetechniquefor Web services�o ws in order to easeservice
composition.Thesetemplatesarepartsof a businessprocessdescriptionthatcanbeused
for composition.This conceptmay be useful for transformingour modeldiagramsinto
businessprocessspeci�cationsin thefuture.

[HV03] de�nes a two-directionalmappingbetweenUML activity diagramsand BPEL
processspeci�cationsaswell asCSPprocessdescriptions.Thesemappingscanbeusedto
�nd syntacticandsemanticdiscrepanciesin thedescription.Themodelingprocessitself
is notdescribed.Thepaperdoesnotexplicitly mentiontransactions.

[Loe04] addressestransactionalpropertiesin a distributedmiddlewaresetting.Thepaper
discussesEnterpriseJavaBeans,but someof thework canbeappliedto Web servicesas
well.

Comprehensive informationaboutWebservicetransactionspeci�cationscanbefoundin
[Pap03]. An overview ondatabasetransactionissuesis givenby [BGMS92, JK97].

6 Summary, Conclusionand Outlook

In this paper, we have demonstratedtheneedfor a uniform designmethodologyfor Web
services.Onelayerof thismethodologyneedsto beconcernedwith transactions.Wehave
thenidenti�ed requirementsandchallengesfor Webservicetransactionsfor ourcasestudy
andin general.Startingfrom thesechallenges,we have proposedtheuseof UML class
diagramsasatransactionallayeraboveaUML statechartdiagramdescribingtheservice's
structure.

While modelingthe casestudy, we have identi�ed someproblemswith our original as-
sumptions,e.g.that the �ight shouldbe bookedbeforethehotelandtaxi is reserved. In
a real-world example,discovering�a wedassumptionswould leadto a (possiblyiterative)
redesign.A majoradvantageof themodel-drivenapproachis thatconceptual�a wscanbe
identi�ed beforeimplementation.The proposedintroductionof new views canimprove
thedetectionof such�a ws.

Throughoutthe paper, we have emphasizedthe necessityof separateviews (so far, we
have identi�ed structure,transactions,security, andwork�o w). Figure5 shows that it is
infeasibleto combineall theseviews into a singlediagram,thereforereferencesbetween
the diagramsarenecessary. WhetherUML or anothermodelinglanguageis usedis of
secondaryimportance— wehaveusedUML becauseit is thede-factostandardfor model-
drivenarchitectures.

An interestingresultof our work is thatmostrelatedpapersdo not discusstransactional
propertiesof Webservices.We think thatthesepropertiesareanimportantingredientfor
model-drivenWebservicedesignthatmustnotbeoverlooked.



6.1 Futur eWork

This paperraisesa numberof questionsthathave not yet beenansweredandthereforeit
canonly bethe�rst partof a largerendeavor. Designrequirementsfor themissinglayers
of securityandwork�o w will needto befound,andthenecessarysemanticswill have to
beaddedto aUML diagram.

The transactionallayer itself is alsonot yet complete. Somerequirementshave not yet
beenincludedin our model,otherchallengesstill needmoreresearchbeforethey canbe
supportedby a modelingmethodology. In theend,themodelwill have to beformalized,
i.e. thesetof stereotypesandtaggedvaluesthatis usedwill have to beformally de�ned.

After thisstep,it shouldbepossibleto automaticallyderivetransactionsandtransactional
propertiesfrom the designdiagrams.This automationcanbe usedeither to implement
Web servicesthat ful�ll certain transactionalguarantees,or to checkwhetherexisting
servicesprovide thetransactionalfeaturesneededfor composition.Whenthemetamodel
is complete,it maywell bepossibleto automatethetransitionfrom theUML diagramsto
XML-basedprocessdescriptions.
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