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Abstract:

Compositeebservicedesignusingmodel-drivenapproachehasbeenin usefor
severalyearsnow, but the modelingof transactionapropertiess still uncommorand
hasnot yet beensubjectto muchresearch.For a distributed systemof autonomous
componentdike Web servicesgspeciallywhenthey areusedfor implementingbusi-
nessprocessedransactionagjuaranteesanbe of vital importance.In this paper we
proposea model-driven approachwhich introducesa separatalesignlayer dedicated
to transactionsWe shaw that our systematianodelingapproactis ableto introduce
transactionsn the designwithout increasingthe compl«ity of the basicUML dia-
gram. Our approachcanalsobe reusedto specify other propertiesof Web services
suchassecurityrequirement®r work o ws in additionallayers.

1 Intr oduction

Web serviceshave slowly becomemoreandmorecommonplace@ver the lastyears.Lan-
guagedike BPEL [BIM 03] have facilitatedthe compositionof seseral simpleWeb ser
vicesinto larger compositeservices.As Web servicecompositiongyrow, the compleity
of designingand maintainingbusinesgprocessefcreasesvith them. Tools for method-
ologicaldesignlike UML [OMGO03] have beenavailablefor yearsandthey have alsobeen
appliedto businesgprocesgesignKHK 03, OYP03 BDS0].

An importantpropertyof businesgprocessearetransactionslt mustbe possibleto guar
anteethata businesgprocessanhave only pre-de ned,consistenbutcomege.g.success
or completefailure,but neverapartialresult). Transactionsanbedividedinto atleasttwo
typesthatarerelevantfor businesgprocesanodeling[Pap03: ACID transactiongwhich
have beenusedin database$or decadesknd long-runningtransactionswvhich violate
someof thetraditional ACID properties.Thesetwo maintypescanbe furtheraugmented
with quality of serviceattributes.

Several speci cationsexist which augmenthe basicWeb servicestandardsvith transac-
tions (e.g.[BIM04b, OAS04, AFI 03]). The speci cationsuse XML to expresstrans-
actionalsemantics.Programmergan combinethemwith BPEL in orderto implement
businesgprocessewhich dependon the availability of transactions.



Implementingtransactionglirectly e.g. accordingto the WS-BusinessActity speci ca-
tion is errorprone. It is alsodirectly opposedo the model-driven architecture whose
goalis to minimize the amountof hand-writtencodeby formalizing the designstep. On
the other hand, including transactionapropertiesas annotationgo the existing design
diagramsmight easily make them unreadablesulbverting the gainsof the model-driven
approach.

In this paperwe proposeheuseof two layersof designdiagrams Thestructuralayercan
be createdwith existing model-drven methodologiesandthe transactionalayer usesa
UML classdiagramto modelthetransactionsThesdayersaremergedby OCL references
from thetransactionalo the structuralview. This approachallows usto easilymanagehe
addedcomplexity andalsohelpsthearchitectsvhendesignchangesarenecessary

In Section?, we presenticasestudywhichwewill referto throughouthepaper Section3
extractstransactionatequirementgrom the casestudyandidenti es generalchallenges
with transactionin Webservices As aresponséo thesechallengesSectiord introduces
our modelingmethodology Structureandtransaction®f the casestudyare modeledin
two separataliagrams,andthe merge pointsareidenti ed. Section5 discusseselated
work. Finally, Section6 sumsup the mainpointsof the paperandreacheghe conclusion.
It alsogivesanoutlookon futurework.

2 CaseStudy

We will motivatethe approactpresentedn our paperwith a casestudy Our exampleis
anextensionof similar casestudiesfoundin variouspaperson Web servicecomposition.
Theassumptioné this casestudycontainafew awswhich maynotyetbeapparentbut
will berevealedduringthetransactiordesignphase.

Figure 1 shovs how the Web servicesin our examplework together Web servicesin

bold font arecompositéNVeb servicesthey requireotherWeb servicesn orderto operate
correctly TheWebserviceglepictedn normalfont aretypically providedasacompary's
gatevay to the outsideworld. Eachof themis managedndependentlyA UDDI registry
maybeusedo locateservicesmplementingagiveninterface e.g.airlines,but thisfeature
is notyetincludedin our casestudy

The task of organizinga trip to a conferenceconsists,amongotherthings, of booking
a ight to the conferencdocation,bookinga hotel, and organizingthe trip betweenthe
airportandthehotelby bookingataxi (for the example we ignorethe possibility of ataxi
standin front of theairport). Thebookingserviceshave kindly beenprovidedby umbrella
organizations.

The ight resenationservicequeriegthe Web servicef someairlinesfor the availability
of a ight with a givensetof restrictions(airports,numberof stops,price). Someairlines
acces®ebserviceof associatedirlinesfor completingthereques(e.g.mostAir France
ights within the USA areoperatedy Delta).
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Figurel: CaseStudy: Conferencdreseration System

The ( cti ve) Global Associationof Taxi Driversoperates Web servicethat offersa sin-
gle accesgoint for the major cities' taxi associationsAs an example,the London Taxi
Driver's Associations Web servicemay queryseverallocal taxi companies— otherlocal
associationsvill likely dothesame.

Finally, thehotelresenationserviceprovidesuniformaccesso severalhotelchains.Since
most major chainsoperateglobally, a localizedservicelevel (asin the taxi resenation
example)is notimplementechere.

3 Requirementsand Challenges

In this section,we will identify sometransactionatequirementshatcanbe derivedfrom

thecasestudy We will alsoidentify somegenerathallenge$or Webservicetransactions.
Not all of the problemsndicatedherehave beenaddresseth this paper somearesubject
to futurework. Thislist cansene asaguidelinefor designer®f compositéVebservices.

3.1 Transactional Requirements

In orderto implementthe collaboratie Web servicesof the casestudy the transaction
subsystentin factsubsystemsinceit is unlikely thateachcompaly useshe sametrans-
actionsoftware)needdo ful ll anumberof requirements:



Long-running Transactions: It is generallyacceptedseee.g.[Pap03) thatACID trans-
actionsareunsuitablgor mostbusinesgprocesseslraditionaldatabaséransactions
typically have a shortduration,andthereforedatabas¢ablesaffectedby a transac-
tion canbelockedwhile they arerunning.

On the otherhand,the transactionsieededor our casestudyinvolve the coopera-
tion of a large numberof Web services.Thoseservicesdo not even belongto the

samecompaty andmay be distributedglobally. In sucha setting,network connec-
tionsmayfail, subtransactionmayneedto becompensatedlternatve optionsmay

needto be consideredand even humaninterventionmay be necessaryLocking a

database¢ablefor the entiretime the long-runningtransactionis active is therefore
nolongerpractical.

The solution proposedby current Web service transactionspeci cations like
[BIMO4b, OAS04,AFI 03] consistof wealeningtheatomicityandisolationprop-
ertiessothatseveralconcurrentong-runningtransactiongnay accesshe sameun-
derlying databaseables. They aretypically called businesgransactionsand can
consistof acompositionof several ACID transactions.

Alter native ProcessPaths: In somesituations,alternatve pathswithin a businesspro-
cessmay leadto equally acceptableesults. Whenwe want to book a taxi from
Heathrav airportto a downtown Londonhotel, the goalto have a taxi readywhen
we leave the airport (ight delaysarenot considerechere)is moreimportantthan
thepricedifferenceof a Poundbetweernthe availabletaxi companies.

For the ight selection,on the otherhand,the selectionof the transactiorthatwill
eventually be committedwill usually dependon (preliminary) resultsreturnedby
the involved Web services. Air France,for example,doesnot offer direct ights
from Viennato London. Bookinga non-stop ight with British Airwaysremoves
theincornvenienceof switchingplanesin Parisaswell asthe possibility of missing
the second ight becauseof a delayin the rst one, andthe single ight ticket
may be cheapetthantwo of them. However, if for somereasonwe can't resene
a British Airways ight, it would still be goodto useAir Frances Web serviceas
a fallback. All of this is known in advanceand canbe speci ed explicitly in the
businesgprocess.

For the hotel, we have no opinionin advance.We will askall availablehotelchains
andcommitthe transactiorwith the lowestprice atthe speci edlevel of service.

PhasedTransactions: As explainedin [PC03 LZ04], businesgransactiongouldgreatly
bene tfrom amulti-phasemodel.In thismodel,a rst pre-transactiophaseshould
establishtentative holds on the resourceghat will be accessedh the transaction.
In our example, the price of a ight canbe queriedbeforethe main transaction
phase.If the price shouldlaterchangeor the ight becomeunavailable,the airline
Web servicewill notify its client thatthe tentatve hold hasbeenremoved,andthe
pre-transactiophaseneedsto be repeated.This procedurereduceshe numberof
(main) transactionseededn a complex businesgprocessand thereforeincreases
the chanceof a successfutommit.



After the main-transactiophase(which executeshe agreemenprotocol),a post-
transactiorphasecanbeusedo exchangematerialgelatedto thetransactione.g.an
electronicallysignedcontractor further detailssuchaswhenthe passengershould
beattheairportandhowv muchbaggagehey cantake with them. Thesedetailscan
be exchangedafterthe transactiorhascommittedbecauseahey arenotimportantto
the transactiors outcome,andremoving themfrom the transactiors body further
reduceghesizeof thetransactionywhichin turnreduceghechancedor transaction
rollbacks.

Quality of Sewice: Anotherissuethatneedso be considereds quality of (transaction)
service.We have alreadydiscussedhe differencebetweenACID andlong-running
transactionshut eventhesetwo modelscanbe furthersubdiided.

Examplesof quality of serviceaspectarewhetherthetransactionsanbeorganized
hierarchically whethera transactioris local to a single Web serviceor canbe ex-
tendedfor operationin a compositéWeb service , whethera transactionis aborted
aftersometime of inactiity, or whetherdataregardingthe transactioris transmit-
tedvia securechannel®nly. Theseaspectsieedto be consideredvhenacomposite
Webserviceis designed.

3.2 Challenges

Becausehe requirementgor Web servicetransactiongliffer from thosefor corventional

ACID transactionssomeof the solutionsdevelopedfor databaséransactionsannotbe

reusechndnew concepthiaveto beintroduced We haveidenti ed anumberof challenges
thatneedto beaddressed:

Transaction Model: For a singleWeb service,a traditionaldatabaséransactiormay in
somecasedesufcient. However, assoonasWebservicesarecomposedo form a
largercompositeservice hon-ACID transactionareneededothatresourceslo not
have to be lockedfor long periodsof time [LZ04]. A Web servicethatusesACID
transactionperdefault shouldbeableto distinguishbetweera simplerequesto its
portsanda compositeequesby anotheMWeb service.

Compensation: With a non-ACID transactionaktyle, implementingcompensatiorbe-
comesa necessity Many Web servicesdo not provide portsfor compensatiorac-
tions(suchasreturningtheticketto theairline with afull refund).If aparticipantin
a compositeWeb servicetransactiordecideghatthe transactiomeedso berolled
back,it mustbe possibleto undoall preliminaryresults.

Timeouts: The challengeof compensatiomlirectly leadsto the questionof timeouts. A
compaly needsto be ableto specify a maximumtime that a transactioncan be
running. It would be badfor businessf customersould prolongtheir transactions
androll back (or compensateat ary time. Airlines, for example,usually chage
differentcancellatiorfeesdependingn thetime remaininguntil the ight.



Transaction Hierar chies: WhenWeb servicesare assembledo form a compositeser
vice, it maybe helpfulto usehierarchicatransactionso re ect the structureof the
compositeWeb service. Within a work o w, hierarchicaltransactionarealsouse-
ful becausesubtransactionsanthenbe exchangedf they fail. In our example,if
the subtransactiomvolving a given Londontaxi compary fails, we wantto create
a secondsubtransactiomvith anothertaxi compaly. In this case,it is enoughif a
singlesubtransactiosommits.

Enforcing Transaction Semantics: Wheretransactiorhierarchiesareused,it may hap-
penthat lower-level Web servicesdo not supportthe transactionapropertiesre-
quiredby the higherlevel compositeserviceghataccesshem. A transactiomeeds
to beableto querythepropertieof subtransactionsndreportafailureif its features
areinsufcient.

Scopeof Transactions: In the caseof hierarchicaltransactionsye have to decidewhe-
ther we want to usea small numberof larger transactionor a large numberof
relatively smalltransactiond, e. whetherthe scopeof a singletransactiorshouldbe
large or small. Smallertransactionshouldreducethe work neededor a potential
compensatiofin mostcasesput they introducemore overheadn transactiormpro-
cessing.A problemthat hasnot yet beensolved is whetherwell-sizedtransaction
scopegsanbegeneratedutomatically

Registration: For someWeb servicesthe questionwhenall participantshave entereda
transactiorcanbe hardto judge. A stockexchangéMNeb service for example,may
involve an arbitrarynumberof interestedpartieswho statetheir bidsin acommon
transaction. Whenthe transactioncommits, the bestbid is selected. However, it
mayalwaysbe possiblethata betterbid will arrive aftertheagreemenprotocolhas
beenexecuted.

Dynamic invocation: WhenWeb servicesareto be composeddynamically i.e. at run-
timeinsteadof atbuild time, anadditionaldif culty is introduced.TheWebservice
registry needgo beableto understandlifferencedetweertransactionamodelsso
thatit doesnotreturnserviceghatdonotful Il thedesiredransactionafjuarantees.

Deadlocks: Thedistributednatureof Web servicesaddsanothemif culty to the problem
of deadlockdetection.Differentprogrammersnay independentlymplementa se-
guenceof queriesto the sameWeb serviceswhich caninterlock during execution.
Detectionof suchdistributeddeadlockss a complicatedtopic (seee.g.[EIm86]),
especiallysinceshorttimeoutsare not an option for Web services.Again, a good
designmethodologycanhelpto discoverthis problem.

Work o w Issues: In mary cases several equivalenttransactiondhave to be startedin
orderto comparethe offers of differentcompanies.Dependingon the preliminary
results(compulsve businessoffers), a single transactionis committedwhile the
othersarerolled back. Either the transactiorsubsystenor a work o w enginein
thebackgroundnustsupportthis typical behaior andallow the speci cationof an
objective function.



3.3 Designlssues

WhenWebservicesarebuilt in anad-hooway, notall of theaboverequirementsareusually
addressedlirectly, andnot all of the challengesarerecognizedy the developers.Even

whena designphaseprecedeshe implementation\Web service-speci cchallengesnay
beoverlooked.

Therefore,we proposea uniform modeling methodologyfor Web servicetransactions
basecon UML [OMGO03]. Ourapproactaimsatenhancingxisting UML diagramswith a
transactionaliew. Themethodologyhasbeendevelopedo supporiadesigrnthatconsiders
therequirementaindchallenge®f Web serviceghathave beenmentionedabore.

4 Modeling Transactions
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Figure2: TheBasicldeaof Our ModelingMethodology

Thebasicideabehindour modelingapproachs alayereddesign.At the bottomlayerwe
usethe (possiblyalreadyexisting) UML descriptionof the Web services.VariousUML
diagramtypescanbeusedfor therepresentationf this basicarchitectureaswell asother
languagesuchasBPMN [BPMO04], UMM [UN/01], or ISDL [QDvS04.

Ontop of thesediagrams ptherdiagramlayerscanbe placed. In this paper we examine
the representatiornof transactionsput for the future we plan to enhanceour modeling

methodologyto includeat leastadditionallayersfor securityandwork o w management.
Figure?2 depictsthe basicidea.



As the gure shaws,thehigh-level transactionamodelreference®bjectsin thelow-level
structuralmodel. Thesereferencesreusedfor establishingransactiorboundariesvith-
out addingadditionalcompleity to the structuralmodel diagram. The bene ts of this
approachwill beillustratedtowardsthe endof this section.

For the diagramghemseles,all modelinglanguagesbleto expressthe necessaryunc-
tionality (compositeWeb servicestructure,transactionssecurity or work o w) can be
used.Differentmetamodel€anbe usedfor differentlayersaswell. The only additional
requirements the availability of referenceso elementf the structuraimodel.

4.1 Extracting Transactionsfrom the Structural Model
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Figure3: StructureStatecharDiagram

In Figure3, we have depicteda UML statechartiagramof our casestudyfrom Section2.
Thisdiagramstill containsa mixture of Web servicestructureandwork o w issueswhich
will haveto bedividedinto two separatéayersin thefuture. Dependingontheirrolein the
collaborationdifferentparticipantswill beinterestedn differentsubpartf thisdiagram,
which leadto differenttransactionatequirementsisshavn below:



1. The enduserof the compositeWeb serviceonly knows the statesStart, Resera-
tion (“Running”), SuccessandFailure. The whole processshouldthereforeeither
succeedor fail, andin caseof failure ary preliminary resultsshouldbe deleted
(atomicityguarantee)Compensatiolis notrequired.

2. Theresenationservicequerieghe ight resenationservice thetaxiresenationser
vice, andthe hotelresenation servicein sequencéfor simplicity, we have chosen
notto useconcurrenyg in this example). Eachof thoseserviceseitherfails or suc-
ceeds.n the caseof afailure,resultsfrom earlierservicemeedto be compensated
tofulll requirementl. The ight resenation,however, cannotbe compensated-
thereforets transactiomeedso be prolongeduntil the othertransactiong£ommit
successfully

3. The ight resenationserviceinternally invokesthe Web serviceof eachairline in
turn (againwe disregardconcurreng issues).Then,it compareghe offersto nd
theonewhich bestsuitstheusersrequirementsFinally, the ight is booked. As we
have statedin requiremen®, the airlinesdo not offer compensationA transaction
with an airline may run aslong as4 hours,thenit is terminatedby the airline's
sener. Thereforewe wait until the taxi andthe hotel arebookeduntil we con rm
thetransaction.

4. Thetaxi resenationserviceitself only invokesunderlyingWeb servicesdepending
on the desiredlocation,andthereforedoesnot needto ful Il transactionaguaran-
tees. The local taxi resenation services,however, provide atomic servicessince
the senersare geographicallyclosetogether Therefore,the local transactiorre-
quiresthe shorttimeoutof 5 minutes. On the otherhand,taxi resenationscanbe
compensatedithin anhourafterbooking.

5. The hotel resenationworks similar to the airline resenation, exceptthat the hotel
resenation canbe canceled.However, accordingto 2, compensatiotis not neces-
saryatthe higherlevel. (In areal-world example,we would, after this realization,
rearrangethe designof the subtransactionsf the resenation serviceso that the

ight transactions invokedlast.)

4.2 The Transactional Diagram

Thestructuraimodeldiagramalreadycontainamuchinformation,andaddingtransactional
semanticdo the diagramwould not improve readability Therefore,we usea separate
UML diagramto capturethe transactionatequirementsdenti ed above.

For thetransactionamodel,we have useda UML classdiagram.We did not introducea
new diagramtypebecause¢he classdiagramis expressve enoughfor our needsandexist-
ing UML toolsalreadysupportthis diagramtype. Eachtransactioris modeledasa class.
Subtransactionthat areinvoked by higherlevel transactionsre depictedas subclasses.
Finally, taggedvaluesandstereotypesddthe necessaryransactionafemantics.



Forreferencingelementgrom thestructuraimodel,the ObjectConstraint anguagéOCL,
[OMGO03)) isused.lt is de ned aspartof theUML speci cationandis thereforesupported
by mary UML tools. However, UML canalsowork with otherexpressionanguagesf
necessary

«BusinessActivity»
ReservationTransaction
{compensation=false,
timeout=5h}

flight: FlightReservation
taxi: TaxiReservation
hotel: HotelReservation

«constructor»
Start.start

«destructor»
BookHotel.ok
ChooseFlight.fail
ChooseService.fail
BookTaxi.fail
ChooseHotel.fail

I

«BusinessActivity»
FlightTransaction
{compensation=false,
timeout=4h}

airFrance: Airline
britishAirways: Airline
delta: Airline

«BusinessActivity»
HotelTransaction
{compensation=true
timeout=1h,
compensationTimeout=7d}

«Invocation»
TaxiTransaction
{compensation=true,
timeout=5m,
compensationTimeout=1h}

«AtomicTransaction» .
LondonTaxiTransaction
{compensation=true,
timeout=5m,
compensationTimeout=1h}

marriott: Hotel
hilton: Hotel

«constructor»
Start.start

«destructor»
BookHotel.ok

«constructor»
BookTaxi.ok

«destructor»
BookHotel.ok

london: TaxiAssociation
newYork: TaxiAssociation
paris: TaxiAssociation

londonBlackCabs: Taxi
dialACab: Taxi
londonShuttle: Taxi

«constructor»
BookFlight.ok
«destructor»

«constructor»
TaxiTransaction.doLondon
«destructor»

ChooseFight.fail ChooseHotel.fail BookTaxi.ok BookTaxi<london>.ok
ChooseService fail BookTaxi<london>.fail
«invocation»
doLondon
doNewYork
doParis

Figure4: TransactiorClassDiagram

Figure4 showvsthetransactionamodeldiagram.We have usedtheterms“atomic transac-
tion” and“businessactvity” from [BIMO4a, BIM04b] to indicateACID andlong-running
transactions(Thetransactiorspeci cationusedby adesigndiagramjncludingtheagree-
mentprotocolexectued needsto be de ned separatelyto completethe semanticof the
model. In our case this needsto be donefor AtomicTransactiorand BusinessActiity.)

They areaddedto thetransactiorclassasa stereotypelf notransactiomeedgo beused
for aWebservice thestereotypénvocation  is used.

The supportfor compensating whole transactionis addedto the classas the tagged
boolearnvaluecompensation . Similarly, quality of servicepropertiescanbe speci ed.
In ourdiagramthetimeoutfor thetransactiontself andthetimeoutfor invokingapossible
compensatingransactiorhave beenincluded.

TheWebserviceghatarecoordinatedy atransactioraredisplayedasattributes. Thecon-
structorsof thetransactiorclassindicatethe transitionsn the structuraldiagramat which
the transactiormust be started. Similarly, destructorsshav the termination(commit or
rollback) of the transaction Finally, methodsdescribedyy theinvocation  stereotype
canreferencehe constructorf subtransactionghich cannotbe mappedo atransition
in the structuralmodel.



For clarity, we have left the individual (non-composite)Veb servicesout of the transac-
tional modeldiagram— atomicity is assumedor all non-compositeerviceghatarenot

includedin atransactionatliagram.Excludingthoseservicesmprovesthe readabilityof

thediagram.

4.3 Merging the Diagrams

Figure5: Merging StructuralandTransactionaModel

Figure5 illustrateshow the structuralandthe transactionamodelwork together Each
constructorand destructorin the transactionatliagrameithermapsto a transitionin the
structuraldiagramor to an invocationin the transactionatliagram. An importantpoint
thatthe gure alsodemonstratess that— aswe have statedearlier— a singlediagram
for bothstructuralandtransactionaVview is almostunreadable.

5 RelatedWork

In this section,we discusstwo maintypesof relatedwork: Relatedmodelinglanguages
mayhave beenusedinsteadf UML in our paper Thiswould not have changedheunder
lying concepof separatiomf concernsRelatednethodologiearealternatveapproaches,
bothbasedbn UML andothermodelinglanguages.



5.1 RelatedModeling Languages

TheBusines$rocesdModelingNotation(BPMN)[BPMO04] standardlescribes notation
for designingbusinesprocessesT heclaim of thedocuments to unify existing notations,
andto easedesignof executablebusinessprocessesn BPELAWS[BIM 03]. Similar
to UML, the speci cation allows several diagramtypes. Sometransactionaproperties
(boundariescompensationgare also supportedoy the speci cation. We usethe broader
UML speci cationfor ourapproactbecauseve wantto addadditionallayerslik e security
to our methodologyin thefuture.

UN/CEFACT's Modeling Methodolgy (UMM) [UN/01] is a UML pro le for modeling
businesgprocessesBasically it supportsfour hierarchicallyorganizedviews: Business
domainsrequirementstransactionsandservices.Using theseviews, a businesgprocess
canbemodeledtop-davn. However, graphicalmodelingof transactionapropertiess not

mentioned.

The Interaction SystenDesignLanguage (ISDL) [QDvS04 providesanothergraphical
languagdor modelingWebservices We did notusethelanguagen our papersinceUML
is morewidely known andadditionallysupportgeferencingdiagramelementswith OCL.

5.2 RelatedMethodologies

[KHK 03] describesrow modelsfrom the UML and ADF methodologiesanbe trans-
formed into platform-speci ¢ models. From thesemodels,descriptionsin BPEL4WS
[BIM 03] canbe derived. However, transactionsare only mentionedas a side aspect
of modelingin the paper [NK04] extendsthis approaclby de ning patterngor therules.

[OYPO3 discussedNeb servicecompositionin several phaseqde nition, scheduling,
construction,and execution). During thesephasesthe model shouldgraduallybecome
moreconcrete.The methodologyis basedon UML, OCL, anda setof compositiorrules.
Transactiongrenot explicitly mentionedn theserules.

[DDO04] stateghatamulti-viewpointapproachs neededor designingcompositeservices.
Thepaperidenti es theviewpointsof interfacebehavior, providerbehaior, choreography
and orchestration. Petri netsare usedfor the modelingapproach. The paperdoesnot
discusdistributedtransactiongssues.

[BDS09 also usesstatechardiagramsto model compositeWeb services. The paper
focuseson distributed composition. Transactionsare shortly mentionedin future work,

whereit stateghattransactionasemanticshouldbeintegratedinto themodelfor agroup
of statesn a statechartHowever, no systemati@pproachs givenyet.



5.3 Other RelatedWork

[KBO4] proposesa templatetechniquefor Web services o ws in orderto easeservice
composition.Thesetemplatesarepartsof a businesgprocesglescriptionthatcanbe used
for composition. This conceptmay be usefulfor transformingour modeldiagramsinto
businesgprocesspeci cationsin thefuture.

[HVO3] de nes a two-directionalmappingbetweenUML actvity diagramsand BPEL
processpeci cationsaswell asCSPprocesslescriptionsThesemappingsanbeusedto
nd syntacticandsemantiadiscrepancies the description. The modelingprocesstself
is notdescribedThe paperdoesnot explicitly mentiontransactions.

[Loe04 addresseansactionapropertiedn a distributedmiddlewvaresetting. The paper
discusseg&nterpriseJaszaBeansput someof the work canbe appliedto Web servicesas
well.

Comprehensie informationaboutWeb servicetransactiorspeci cationscanbe foundin
[Pap03. An overview on databaséransactiorissueds givenby [BGMS92 JK97).

6 Summary, Conclusionand Outlook

In this paper we have demonstratethe needfor a uniform designmethodologyfor Web
servicesOnelayerof this methodologyneeddo beconcernedvith transactionsWe have
thenidenti ed requirementsandchallengesor Webservicetransactiongor our casestudy
andin general. Startingfrom thesechallengeswe have proposedhe useof UML class
diagramsasatransactionalayerabore a UML statechartiagramdescribingheservices
structure.

While modelingthe casestudy we have identi ed someproblemswith our original as-
sumptionsge.g.thatthe ight shouldbe booked beforethe hotelandtaxi is resened. In
areal-world example,discovering a wedassumptionsvould leadto a (possiblyiterative)
redesign A majoradvantageof themodel-drivenapproachs thatconceptuala ws canbe
identi ed beforeimplementation.The proposedntroductionof new views canimprove
thedetectionof such aws.

Throughoutthe paper we have emphasizedhe necessityof separateviews (so far, we

have identi ed structure transactionssecurity andwork o w). Figure5 shaws thatit is

infeasibleto combineall theseviews into a singlediagram thereforereferencedbetween
the diagramsare necessary WhetherUML or anothermodelinglanguages usedis of

secondarymportance— we have usedUML becausé is thede-factostandardor model-
drivenarchitectures.

An interestingresultof our work is that mostrelatedpapersdo not discusstransactional
propertienf Web services We think thatthesepropertiesareanimportantingredientfor
model-drivenWeb servicedesignthatmustnot be overlooked.



6.1 FutureWork

This paperraisesa numberof questionghat have not yet beenansweredindthereforeit

canonly bethe rst partof alargerende&or. Designrequirementgor the missinglayers
of securityandwork o w will needto be found,andthe necessargemanticsill haveto

beaddedo aUML diagram.

The transactionalayer itself is also not yet complete. Somerequirementave not yet
beenincludedin our model,otherchallengesstill needmoreresearctbeforethey canbe
supportecdby a modelingmethodology In the end,the modelwill have to beformalized,
i.e.thesetof stereotypesndtaggedvaluesthatis usedwill have to beformally de ned.

After this step,it shouldbe possibleto automaticallyderive transactiongndtransactional
propertiesfrom the designdiagrams. This automationcan be usedeitherto implement
Web servicesthat ful Il certaintransactionafguaranteesor to checkwhetherexisting
servicegrovide thetransactionafeaturesneededor composition.Whenthe metamodel
is completejt maywell be possibleto automatehetransitionfrom the UML diagramso
XML-basedprocesglescriptions.
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