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Abstract. The developmen of new Web servicesby compositionof existing

onesis becominga widespreadpprachto realisebusiness-to-bisinesscollabo-
rations.The compositeservicesobtainedin this way aretheneventudly usedin

othercompositionsGiventhe dynamicnatureof the Web, this recursve compo

sition of servicesrapidly leadsto intricate depemlenciesbetweenthem. On the
otherhand,businessegeedto trackthe executiors of their compositeservicesn

orderto ensureexplainability in caseof failure andto supportdecisionmaking.
This paperdealswith the issueof tracingcomposite serviceexecutionsover the
Weh It describe@modelandan XML representationf serviceexecttion traces,
anapproah for collectingandstoringthesetracesin a distributedervironment,
andanapproat to evaluae queriesover distributedrepositorieof traces.

1 Intr oduction and motivation

Theconrectvity generatd by thenterretis re-shapig theway organisationsarchitect
their collabaationswith other organisations,as well as their interagions with their
customes. Organisationsof all sizesare profiting of this conrectivity to form online
alliancesby inter-comectingtheir servicedor thepurpaseof providing onestopshops
to their customers.

In this settingtheideaof developing new servicesy comppsitionof existing ones
is beconing thekeystore of thenext geneationof InternetsystemsA serviceis seeras
anabstractio of a setof actwities involving a numker of resourcege.g.,datasources,
application programs,businesgrocesses)intencedto fulfil a classof customemeeds
orbusinesseqgurementsin orde to satisfycomplex needsservicesareinter-comected
amongthem,therely forming compositeservices Exampes of compsiteservicesn-
cludea travel manag@mentservicecombiring flight andaccomnodationboding ser
vices, or an account aggreyation servicethat integratesbankng, tax declaratio, and
financialservices.

In orderto satisfycurrent usersandto attractnew customersgprganisationsieedto
payspecialattentionto the quality of their servicesln particuar, they needto traceex-
ecutiors of theseservicesn orde to ensureaxplainability in caseof failureor auditing
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aswell asto supprt decision-naking aimedat improving the structureanddynamics
of the services.Thesetracesof ongdng and pastexecuions of servicesprovide the
informationrequred to answermueriesfor thefollowing purpposes(amorg othes):

Customer feedback:to explain specificfailures.A queryin this context would be
“Retrievethetracesof all executiors thathavebeentriggeredfor a givenclient”.

Quality assessmentto detectserviceswhoseexecutionstendto fail, like for ex-
amplein “Retrieve the executiors of a givenservicethat havebeenstalledsincemore
than 30 minutes” or to make a repot on pastserviceexeaitionsasin “Retrieve the
compamentsof a compaite servicewhoseexecutiors take the mosttime on average”.

Monitoring and control: to adaptthe serviceto the actualrequirenentsby identi-
fying, in the contet of a given service somepatternsof its compmnentexecutians. An
exampe would be“In howmanyexecutiams of the serviceS, the executionsequene of
the serviceA, thenB andfinally C hasbeenobserved?. Also, the ongang execution
of aservicecouldbeadaptedn thefly by analysingwhathashapgnedsofar. For ex-
ample thechoiceof which compamentto triggeratagivenpoint of anexecttion, could
bebasedn informationextractedfrom the tracesof the compaite service.

Audit: to condict routire or ad-ha checls involving the executions of a service,
like for exkampe whenvalidatingthebills issuedby the providersof a service.

This paperpresents framevork for the collectionandmanagmentof tracesabout
eitherpastor ongang exeautions of compaite services.The proposedframanork in-
cludes{i) ageneic modelof tracesof compaiteservices(ii) aconceterepresentation
of tracesin XML, (iii) anapprachto collectandstorethesetracesin a distributeden-
vironment;and(iv) a methodfor evaluatingqueres over thesetraces.The framework
addrsseghefollowing issues:

— Thetracesaredistributed:quering the tracesof a services executionsmaythere-
fore requie multiple sub-aqueriesto be sentto the providerswho have hostedthe
execuion of the compnentservices.This issueis differentto the oneaddessed
by classicalappr@achesin the contet of distributedquery proessing.Theseap-
proaclestypically rely on a centralisecknowledgeof the meta-étadescribimy the
topolagy of the network where thedataaredistributed In contiast,the partitionirg
of the execution tracesacrossserviceproviderscanonly beincrementally discos-
eredwhenbrowsingthetraceshemseles.

— The nunberof providerscanbe large andcontiruouslychangng: the provider of
a compnentwithin a compaite servicemay be dynamically selectedbasedon
variouws factors.As a result,the serviceprovidersinvolved in a compsite service
variesfrom oneexecuion to andher In addition providersof compmentservices
mayjoin andleave a compgite serviceatary time.

— Thetracesareheterogneous: although confamingto acomnongeneridnterface,
eachproviderwill offer its own serviceinterfaces,with a differentsetof statesand
obsenation pointsthanthoseof othe providers.Thismeansn particularthattraces
mustbe treatedassemi-structued data,which motivatesthe choiceof XML.

Therestof thepaperis organisedasfollows. Section2 introducesthebasicconcepts
of the proposedframenork. Section3 dealswith the collectionof tracesrepresenteh
XML. In sectiond we discussandillustratethe evaluation of queriesin a distributed



ervironmen. Finally, section5 comparesthe proposalwith similar or complenentary
oneswhile section6 concluces.

2 DesignOverview

In this sectionwe introdwce the frameavork thatwe adop for servicecompgaition and
execttion, andfor queryng tracesIn orde to ensue a broal applicability, this frame-
work is intended to be independen of specific serviceimplenmentationtechnolgies
(e.g.,J2EE,.Net), servicedescriptionanguages(e.g.,WSDL) andserviceregistratian
anddiscovery infrastructurege.g.,UDDI).

2.1 Sewice composition

We distinguishbetweenelementay and compaite services.Elementay servicesare
pre-«isting or native serviceghat shouldbe treatedasblack boxesfrom the perspe-
tive of otherservicesor applicationprogams.A comsite serviceis an aggegatian
of other(eithercompgite or elementaryserviceswhich arereferedto asits compe
nentservicesAt averyabstractevel,acompgiteserviceis mocelledasagraphwhose
nodes arelabelledwith invocationgo thecommpnentservicesTheedge betweerthese
nodes capturedataand contiol-flow dep&denciesControlflow depenénciesdeter
minewhich nodeq(if any) needto be enteredhftertheserviceinvokedby a givennode
compléaesits execution. Control-flav depemlenciesalso establishtiming constraints,
signal sendingand processing etc. Data-flav depewlencieson the otherhanddeter
minethe dataitemsthatmustbe passedrom onenodeto anothe whena cortrol-flow
link is taken.

Eachnodein a compositeserviceis associatedo an organisatioml entity whichis
resposible for handing the serviceinvocation associatedo that noce. The organisa-
tional entity associatedvith anode canbeeitheranindividual provider or acomrunity
of providers.In theformercasethedesignategrovideris resposiblefor executirg all
theinstance®f this servicelt mayevertually partially or totally delegae the execution
of theseinstancego anothemrovider, but this delegationis hiddento the usersof the
compaite service.On the otherhand a comnunity of providerswill systematically
andtransparetly delegatethe executionof aserviceto its membes. This delggation is
carriedout by the representativeof the comnunity, which effectively actsasa service
broker. Themeandy whichacommunity’srepiesentatie chosesamembeto exeate
arequest,is specifiedvia a selectionpolicy [1].

Oneway of conaetelydescriling thecontrd anddata-flav depenlenciesof acom-
positeservicesis to usean existing proeessmodellirg languag, and especially one
of thosethat have provento be suitablefor workflow specificationThereare numer-
ous workflow specificationlanglagesbasedupm differentparadigns. In fact, each
commecial Workflow ManagenentSystenimplementsts own specificationanguag,
with little effort beingdoneto provide somedegree of uniformity betweerproducts.In
thisrespectthe Workflow ManagenentCoalition[5] hasdefineda setof glossariesand
notatiors that encompsssomeof the constricts usedin existing workflow specifica-
tion languags. Unfortunately this standargsation effort hasnot yet led to a standad



languae for procesamodellirg, which could be appliedfor the specificationof con-
trol and data-flav within a compaite service.Recently WSFL3, XLANG 4, andthe
ebXML BusinesrocessSpecificatiorSchemaBPSS} have beenpropsedascandi-
datelanguagesfor this purpose.At presentstandargationefforts areundeway based
ontheseproposals,but no consesushasbeenreachedset.

For the purpcse of this paperandto keepthe mockel geneal enowgh, we chooseo
specifycontrd anddata-flav depemnlenciesusingstatechartf9]: awidely usedformal-
ismin reactve systemsvhichhasbeenintegratedinto the Unified Modelling Language
(UML) [17]. Statechas offer constrctsfor modelling sequene,loops,brancling, con-
currer threadsandcomnunicationbetweerthread basedon signals.Sincetheseare
the basicconceps found in mostprocessspecificationlangua@s, we expectthat our
resultscanbe adaped to othercompgition languags suchas WSFL, XLANG, and
BPSS.

The statechartn Figure 1 specifiesthe contrd-flow depenénciesof a compsite
servicesS. S1 andS2 areinvokedfirst andexecuedin parallel. Whenbothfinish, either
S3 or S4 is execuedaccoding to thecondition C. ThensSs is finally exeauted.

Fig. 1. Control-flow statecharof a compositeservice.

2.2 SystemAr chitecture

Thebasicentitiesof theframeawvork architectue are“wrappers”,“schedules” and“mul-
tiplexers”. Theentitiesaredescribedn turnbelow.

Wrappes. A provider of a servicehasto supplyawrapper. The wrapper of a service
ensuredhat a native servicecan be invoked regardlessof its undetying datamockl,
messagéormat andinteractionpratocol. For this purpcse,a services wrapper handles
(amormg otherthings)datacornversion betweernthe datamocel of the serviceinterface
andthatof its implemenation[1]. Otherissueshatwrapperscanaddessincludesecu-
rity managerantandpratocol heterogneity In ourtracingmodé, the servicewrapger
is alsorespmsible for recordng factsabouteachexecutia of the wrapped service.
Thesefactsarestoredlocally by thewrapyer in arepositoy of tracesandmadeavail-
ablethrough a quey interfaceasdiscussedaterin the pager.

Sdedilers. Theproviderof acompsiteservicehostsacompositeserviceschedder for
that service.Interactiors amorg compaentsof a compgaite serviceareimplemerted

3 http://www-3.ibm.com/softare/solutions/webseises/pdf/WSFLpdf
4 http:/lwww.gotdotnet.com/team/xnwsspecs/xlang
5 http://www.ebxml.og



by a commsiteserviceschedder (a schedter in short).A scheduleis resposible for
orchestratingthe execuions of the composite serviceby triggering the executionsof
thecompnentservicesaccordimg to the contrd-flow depeidenciesassociateavith the
compaite service.The schedler is alsorespmsiblefor hardling andprocessingdata
accordhng to the data-flav depeenciesencoadwithin thestatechart.

Theschedier of acompaite servicecanbeeitherlocatedin a centrallocation(the
centalised orchestration approad) or implementedas a setof distributed processes
thatcooperatein a peerto-peermanne (the P2P orchestation approach). In the cen-
tralisedappoach,the schedler of a compsite services is implemerted asa single
softwaremodue asin [11], [2] and[21]. This scheduleis responsile for initiating the
execution of the compmentsof S according to the contrd-flow statecharassociated
with S. To do so,the scheduleof S invokeseachof the compnerts of S according to
the contrd-flow depenénciesof the compaite service.

In the P2Papprach,theschedulers implemertiedasa collectionof softwaremod
ulescomnunicatingwith eachotherdirectly asin [16], [7] and[4]. Eachparticipan in
acompaite servicehostsoneof thesesoftwaremodules,thatwe call alocal scheduler
in the sequel.On the otherhand the provider of the compsite servicehostsanotter
softwaremodulethatwe call theglobd schediler. Whentheglobal schedier receves
areqlestto startanexection, it sendgnessage® thelocal schedulersf thosepartic-
ipantsthatneedto starttheir exeautionsin thefirst place.Eachof thesdocal schedulers
invokesthe uncerlying servicethroudh its wrapper, waits until the executionresulting
from this invocatian is completed and whenthis happes, it sendsa messagéo the
local schedules of thoseparticiparts that needto be executed next accordng to the
contrd-flow depenénciesof the compsite service. Thesepeerto-peerexchangeshe-
tweenlocal schedules contintesuntil eventually oneof thelocal schedlersindicates
to the global schedulethat the overall compaite serviceexeaution hascompleted A
moredetaileddescriptim of this modelandits implementatio canbefoundin [1].

Query multiplexers. Each serviceprovider hostsa software module call the query
multiplexer, which is resposible for: (i) receving a quey from a requesterandpre-
processingit, (ii) identifying theeventwal sub-queriesandif ary, (iii) dispatchig them
tothecorrespondirgy providers,(iv) receving thesub-reslis for theproviders,(v) meig-
ing local andremde results,andfinally, (vi) sendingbackthe overall resultto there-
questerThefeatuesof the querymultiplexer aredetailedandillustratedin sectior4.

3 Modelling, representing,and collectingtraces

3.1 Modelling traces

Simplifyingassumptios. Forthesale of simplicity, we assumé¢hatthewragerandthe

scheduleof acompsiteserviceshareacomma time line. This canbeachievedusing
well-known clock synchranisationpratocols suchas NTP [10]. We also assumehat
all tempoal values(time instants,durationsandintervals), are expressedat the same
level of grarularity (e.g.,atthe grarularity of the minute or of the second)Underthis

assumptioninstantsanddurationsareunanbiguotsly representedasintegers, while an

interval is representedsa pair of integers corresponghg to its bounds.



Life cycle of a serviceinstance Throughaut its life cycle, a serviceexecution goes
through a seriesof statusesThefollowing statusesrepredefinedby thetracingmodel:
enaled, running, stalled completedandcancelled Thesepredefired statusesanbe
specialisedor refined)by a given serviceproviderin orderto accomnodateapplication
specificsemanticsFor exanple, the provider of a service“Currercy Corverter” can
declarethata servicespecialiseshe status‘running” into 3 sub-stataes:getting data,
processingdata and displayirg results When an execution of this serviceis in the
“running” statusjn canbein eitherof thesethreesub-statuseaswell.

Every serviceis associatedo a life cyclestatehart® thatmodelsthe possiblesta-
tusesthroughwhich the executionsof this servicecango, andthe possibletransitions
betweenthesestatusesThe transitionsof this statechartrelabelledwith the events
that fire them. Theseeverts canbeinternalto the serviceexecutim (e.g, the service
startsruming), or external(e.g.,the usersendsa cancellatio message)n bothcases,
an event occurencewithin an execuion is processedy the wrapperof the service,
which determieswhich transitionin thelife cycle statecharheedso befired (if ary),
andrecodsthenew statusin thetraceof the serviceexecution.

The standad life cyclestatehart definedby the tracingmodelis depictedin Fig-
ure 2. Whenanexecutia of a serviceis startedjt entersthe runring status While on
this status the servicecanbe suspendd dueto an exterral requestpr stalledbecause
aresourceequiredfor theserviceexecution is tempoarily unavailable. Thisis notified
to thewrapyer throuch anevert stall. Fromthe stalled status the serviceinstancecan
subsequetly eithermove backto theruming stateor to the cancelledstatus Fromthe
running statusjt canmove eitherto the comgetedstatusor to the cancellecbne.

The statesof this statechartanbe refinedby a given serviceprovider in orderto
incorporateapplicdion-specificstatusesransitionsandeverts. For example the“run-
ning” serviceof thestandardife cycle statechartanberefinedinto a statecharwith 3
statesconnetedin sequene: gettingdata processinglata anddisplayingresults

start stall

cancel

cancelled @

Fig. 2. A statechartmodellingthelife cycle of a serviceexecution.

running

resume

complete cancel

Thetracingmodeldoesnotimposeary explicit relationslip betweerthelife cycle
of acompaite serviceandthoseof its compmnents For exampe, a comsiteservice
execution canvery well bein the "running” statuseven if oneor several of its com-
ponetsarein a"stalled” status Whenan execuion of a compmnentservicereachs a
particularstatus,f any charge of statushasto be propagatedo the compgsite service
execuion, a notificationmessagés sentto the wrapperof the compsite service who
determireswhethera chang of statusatthe compaite servicelevel is require.

8 Thelife cycle statecharts not to be mistalen with the control-flav statecharbf a composite
service(seesection2.1),which determineshe orderin which its comporentsaretriggered.



Statushistory A statushistoryis alog of thelife cycle of a serviceexeaution, thatis,
thestatuseshrowgh whichthis exeaution wentthrough, andthetimesof thetransitions.
At anabstractevel a statushistoryis definedasa function from a setof instantsto a
setof statusvalues At acorcretelevel a statushistoryis represeted by anordeed set
of interval-timestampedstatusesFor examge, the statushistory [<[3..3], enabled-,
<[4..7], running>, <[8..8], comgeted>] indicatesthat the execution was enalbed at
instant3, thenit ranfrom instant4 to instant7 befote beingcompleedatinstant8.

Provider |location output *
UrL |1 inout  *| Parameters
* ’—L
ServiceExecution | executionTraces
triggeredServices  1.*|  oyecid * _
startTime status_Hist 1
finishTime 1 Service
{complete, disjointf\ name
| 1
CompService ElemService StatusHistory
x| Exececution Execution
1| {ordered}
At each instant, a given service is il i
associated to only one status. StatusSnapshot
Let s be a service, h its status history. If h upperBound
contains 2 snaphots which share the same lowerBound
status, then the associatied intervals are disjoint status

Fig. 3. UML classdiagramfor serviceexecutiontraces.

Traceof a serviceexecution. Thetraceof a serviceexecution, whetherelemeary or
compaite,includes(i) a statushistory; (ii) a setof effective inputandoutputparane-
ters;and(iii) thelocationof the provider to whomthe serviceexecutionwasdynam
ically assignedA compmsite serviceexecution tracehasan additional property mod
elling thesetof otherserviceexecutimsthatit triggeted(i.e. its triggeredcompments).

The UML classdiagramin Figure 3 describeghe datamocel for serviceexecu
tion traces|n this diagram the mainclassis ServiceExecution, whoseinstancesnodel
tracesof serviceexecuions. This classhastwo sub-classesnefor comppsiteservices
andthe otherfor elementanservicesThe statushistoryassociatedio a serviceexecu
tion is mocktlled asa setof snapsbts, eachof which associatesnintenal (upperand
lower bound) with a status.



3.2 Collecting traces

Theresponsibilityto tracethe executionsof a compositeserviceS is distributedacross
thewrappes of this service(asmary wrapgersasactualprovidersfor the compnent
services)Thewrapperof aservices is responsibldor:

— Creatingand instantiatingan objectof the classServiceExecution. This involves
generséing anidentifierfor theexecution,andrecoding the startandtheendtimes.

— During the course of the execution, processingary eventsthat may chang the
currert execution status,andrecordary changs by modifying the correspondirg
objects statushistory.

— If Sis acompmsiteservice jinstantiatingthe associationriggeredComponents: for
eachof the conponen servicesthat are triggered, the wrapger of S must ob-
tain a referemce to an objed of the classServiceExecution from the wrappe of
the compner service.Suchrefererte is of the form: <provider’s url>/<senice
name>/<execuion id> is the identifier locally assignedby the provider of the
compamentservice.The provider's URL uniguely identifiesthe repcsitory where
thevalueof theobjectis stored.

— At theendof theserviceexecution,returring therefererce (< provider surl>/<ser
vice name>/< executionid> where<exeautionid>) to theapplicationprogamor
compaite servicewrappe thatinitially invokedtheservices.

Hence awrapperis resposiblefor collectingtracesabou theexecutia it is super
vising,andpassingheresultingobjectrefererceto whoeverinitiatedtheexecution. The
tracing model definestwo alternatie approachesfor collectingthe object referaces
from thecompaentservicewrappers:onefor the centralisedrchestrationrmodé, and
onefor the peerto-peerorchestréion model.

Legend s_el

. running ——

: S2 el

csuspended  s— —e S3 el S5el

. completed s1 el —e —X
- cancelled X —

time
| I I I I I I I I S N S U N N SN (N |

IIIIIIIIIIIIIIIIIIIII
4 6 8 10 12 14 16 18 20 22 24

Fig. 4. An executionscenaridor theserviceS.

Toillustratethetwo apprachedo tracecollection,let usconsideragaintheservice
S depctedin Figurel. Figure4 describesmnexecuion scenariavhereservices is exe-
cuted.Thisexecutionis identifiedby S e1. Theexecutionel of serviceS startedattime
5.1t ranuntil time 10 (excluded)beforebeingstalledfrom 10to 14 (excluded). Then
theexecution resume andranagainfrom 14 to 23 (excluded)befae beingcomplded
attime 23. Theexecution el of thecompamentS1 wastriggeredattime 6; it ranuntil 11
(excluded)andcompetedat 11. We assuméhatS el coud compgete even thatS5 el
hasbeencancelledSucharecorery mechaism hasto beimplementedin S itself.



Giventhe execution S_el showvn in Figure4, Table1 shovs messaggassingbe-
tweenthe centrd schedier andthe wrappersin the caseof a centralisedrchestratia
apprach,while Table2 shavs messag@assingsn the caseof peerto-peerorchestra-
tionapprach.In bothtablesthecolummsSendeandRecipientdentify eitherwrappers
or schedulerswhile thecolumnMessageonten shavs informationexchangedor the
purposeof tracingonly. A symba of theform X e1 (X € {S1,S2,S3,54,S5}) denotes
aninstanceof the classServiceExecution correspadingto an execuion of serviceX.
For exanple, the objectX el is createdby the wrapper of X at the beginning of the
execuion el.

Time|SendelRecipientMessageContent
10 |S2el|Sel www.provl.com.au/S2/el.xml
11 |Slel|Sel www.provl.com.au/S1l/el.xmi
16 |S3el|Sel www.prov2.com.au/S3/el.xmi
20 |Shel|Sel www.prov3.com.au/S5/el.xmi

Table 1. Messagedetweenthe centralschedulelandthe compmentservices'wrappersduring
theexecutionof S_el (centralisedrchestratiormodel)

Time|SendelRecipient |MessageContent
10 [S2el [S3el,S4elf{www.provl.com.au/S2/el.xhh
11 |Slel |S3el,S4el{www.provl.com.au/S1l/el.xkh

16 |S3el |Shel {Www.prwl.com.au/SZ/el.xmwww.prwl.com.au/Sl/el.xrﬂ l,
www.prov2.com.au/S3/el.xrhl
20 |S5el (Sel {Www.prwl.com.au/SZ/el.xmwww.prwl.com.au/Sl/el.xrﬂ l,

www.prov2.com.au/S3/el.xmiyww.prov3.comau/S5/el.xnjl

Table 2. Messagsbetweerglobalandlocal schedlersduringtheexecutionof S el (peerto-peer
orchestratioomodel)

The 1stand2ndlines of table3.2 canbereadasfollows. At time 10 (respectiely
11) S2'swrapyer (respetively S1)sendsts traceidentifierin theform of areferenceto
arepaitory to both S3'wraperandS4's wrapper Becausdhe bodeanexpressior[C]
evaluatedo true, S4is not required to be executed,sothe local scheduleof the state
that labelledS4 discardsthe collection of referancesthat were sentto it by the local
schedules of S1andS2.WhenS3finishes(3rd line), its wrapgper sendghe collection
of referercesthatit hasrecevedsofar, augmeiedwith its own refererwe. Thewrapger
of S3 on the other hard doeskeepthesecollectiors of refeencesand startsthe an
execution of S3.Whenthis execution competd (3rdline of table3.2), thewrappernf S3
sendgo thewrapperof Sthe collectian of referercesthatit received from S1,meged
with thatrecevedfrom S2,andaugmatedwith its own referere to an objectof the
classServiceExcution.At theend,asshawn in the4thline, thewrapger of S (through
its associatedjlobal scheduler receves all referecesto repaitories describimg the
tracesfor S_el triggered commnerts and popuatesits own repositoy basedonthem.
A detaileddescriptionof thetracecollectionmethodcanbefoundin [7].



3.3 XML representdion for traces

A traceof aservices executiontraceis representedsan XML [23] docunentsuppied
by the provider who hashostedthe serviceexecttion. The provider's URL combinel
with the documentnameandthe serviceexection id is usedas an URI (Universal
Resourcddertifier) to locatethe serviceexection trace.

Thechoiceof XML asalanguagefor extemally representingandexchangingtraces
is mainly motivatedby two reasons:

— Although corforming to a comnon geneic interface,eachprovider will offer its
own serviceinterfaceswith a different set of statesand obseration poirts than
thoseof otherproviders. XML providesmecharsms(e.g.namepacesandmixed
elements}o dealwith this form of contrdled hetergeneity

— Thetracesareintencedto beexchamgedbetweerdifferentsitesbothduring service
execuion andduring tracequering. The useof XML enablesserviceproviders
to interrally storethesetracesusing(e.g) relationa databasesndto dynamcally
translatehemto andfrom XML usingwell-knowvn tools.

Thestructue of XML docunentss directlyderivedfrom theclassdiagamdepiced
in Figure 3. Given the execuion scenariodepictedin Figure 4, the XML docunent
belov cortains sampledatacollectedduring the execution of servicesthat have been
hostedby the provider foo.can.au:

<traces>
<serviceExecution name="S" execld="e1” loc="www.foo.com.au/S/el.xml">
<time start="5" finish="23"/>
<inputs> <input name="X" value="100"></input> </inputs>
<outputs>
<output name="Y" value="20"> </output>
<output name="2" value="500"> </output>
</outputs>
<triggeredComponents>
<serviceExecution name="S1" execld="el” loc="www.provl.com/S1l/el.xml"/>
<serviceExecution name="S2" execld="el” loc="www.provl.com/S2/el.xml"/>
<serviceExecution name="S3" execld="el” loc="www.prov2.com/S3/el.xml"/>
<serviceExecution name="S5" execld="el” loc="www.prov3.com/S5/el.xml"/>
</triggeredComponents>
< statusHistory>
<statusSnaghotstatus="running” lowerBoun&"5" upperBound="9"/ >
<statusSnapshot status="suspended” lowerBound="10" upperBound="13"/>
<statusSnapshot status="running” lowerBound="14" upperBound="22"/>
<statusSnapshot status="completed” lowerBound="23" upperBound="23"/>
</statusHistory>
</serviceExecution>
<serviceExecution> ....
<[traces>

As discussecdkarlier the provider of a servicehasthe right to specialisethe pre-
definedstatusedy definingsub-statusege.g.,defining sub-statusesf the status‘run-
ning”). Thesesub-statusesanappeaiin the tracesof a serviceexecution within sub-
shapshotsf thesnapshotswolving precefinedstatusesThis appoachis similarto the



onediscussedh [20]. For exanple,if we assumehatthecompaiteserviceS defines3
sub-statusesf the status‘running”, namdy “searchimg”, “displaying’ and“booking”,
thenthe XML elementsepresentig snapshtsinvolving the“running” statuscanhave
childrenelemetts represeting sub-snaghotsinvolving these3 sub-statusesiencethe
italicizedline in the XML codeabove couldthenberefinedasfollows:

<statusSnapshot status="running” lowerBound= 5 upperBound= 9>
<subSnapshot substatus = "searching” lowerBound = 5 upperBound = 6/>
<subSnapshot substatus = "displaying” lowerBound = 7 upperBound = 8/>
<subSnapshot substatus = "booking” lowerBound = 9 upperBound = 9/>
</statusSnapshot>

4 Querying traces

This sectiondescribesand illustratesa mecharsm to split a query on the execution
tracesof a compaite serviceinto subqgeriesto be executedby providers of the (di-

rectandindirect) compmentsof thecompositeservice Theresultsof thesesubqeeries
arethencollectedandmeged in order to build the resultof the initial quer. Queries
are expressedn Quilt querylanguage[3] a dialectof Xquery language[25]. XPath
expressionareusedasmeando navigate through hierarcly of nodes[26].

4.1 Towards a query multiplexer

The quey multiplexer of a serviceprovider is resposible for processingjueriesre-
gardng all the exection traceshostedby that provider. The scopeof the queriesthat
the query multiplexer of a provider P can hande is modelledas a tree. The root of

this tree contairs an XML documentwith a sequencef elementsserviceExecution,

describimy all the serviceexecutionshostedby the provider P (seeSection3.3).A noce
otherthantherootcontairs an XML doaumentwith a singleelementserviceExecution

describiry an execution hostedby anotter provider thanP, andlinkedto upper nodes
throwgh the “composite service—cmporent service”relatiorship. An edgeof the tree
therefae mocelstheinvocationof a service:anedgefrom anodenlto anothe n2 de-
notesthefactthatthe serviceexecutiondescribd in n2 wastriggeredin the context of

the (compsiteservice)execution descritedin node nl.

At anabstractevel this treecanbe seenasa single XML documentthatcontains
the datarequiral to answerary quey relatedto the serviceshostedby P, at ary level
of detail. This abstractrepresention is obtaired by replacingthe elementserviceEx-
ecution in the root, with the contentsof the XML file referencedin the attribute loc
(seesection3.3). This expansionmechaism hasto berecursvely carriedout starting
from theroa node, every time thatthe elementserviceExecution is encountered. This
mechaism is similar to the oneimplemened by Xinclude[24]. In the sequelwe call
thedocunentobtainedoy expansion,traces.xml

From the users point of view, queies are processedn the abstractdocurent
traces.xmlFor efficiengy reasos andgiven thatthis “abstract’documentis a continu
ously evolving view, the doaumentis notbuilt a priori andstoredin a centrallocation
Insteadwhenaqueryis submittedo themultiplexer, it is locally analysedandsplitinto



multiple subquees. Theresultof this analysisis anXML docunentthatcontairs tags
indicatingfor eachsubquey the provider responsibldor its execuion. Eachsubaiery
is thensentto the correspndirg provider whosequely multiplexer in turn processes
it andreturrs aresult. Whenthe resultsof all subqerieshave beenreceved they are
meigedwith the mainresultto producethefinal outpu. This mecharsmis carriedout
recursvely eachtime thata subqgery involvesdistributedtraces.Similar mechanisms
have beenstudiedin the context of distributedquel proessing[13]. However, clas-
sical appoachesn this arearely on a centralisedknowledge of the topolagy of the
network wherethe dataaredistributed In contrast, the partitioring of thetracesacross
theserviceprovidersis only discoreredwhenbrowsingthetraces.

Our splitting and memging mechaisms are formalised belon. We adogpt the fol-
lowing notatiors: Q is the setof queies (expressedn Xquery), X is the setof XML
documents,andP is the setof serviceproviders.TL — T2 standsfor thetype of all
functionswith domainT1 andrange T2. {T} denoteghetypeof setsof T.(T1, T2, ...,
Tn) designéesthetypeof tupleswhosei " compmentis of typeTi (1 < i < n).

Themultiplexerprocedirefor aquey g (q € Q) onanabstractoot XML docunent
d (d € D), is captureddy two functions Split® andMerge® definedbelaw:

split: Q — ({{P.Q)}, Q)
I* {{Pn, Qn ), Main) € Splitd(q) <= the provider p, is responsible for processing
g- according to the document d, and returning the result. main is the XML document
which contains tags indicating for each subquery the provider who is responsible for.
*/

Merge®: ({ X }, X) — X
* Merge® (Split® (q)) is the XML document resulting from q processed on d. */

Roudhly speakingthe Split operato analyseshequey givenasparaneter andde-
tectswhetherthereis ary navigation expressionin this querycontairing the element
trigerredComponents followedimmediatelyby the elementserviceExecution. If sucha
navigation expressionis found, this meanghatthe querymustbe split andexecuedin
a distributed fashion Accordirgly, the Split operato evaluatesthe navigation expres-
sionupto (andincludng) theleftmostoccurenceof the elementrigerredComponents.
This yields a collectionof invocations to compaentservices.The opeaator Split then
retrieves the providersto which thesenvocaionswhereassignedthroughthe provider
attribute), andassociateto eachof thema querycontainirg the restof the navigation
path (after the leftmost occurencetrigerredComponents), aswell asary part of the
original queryinvolving avarigble bound to the corsideredhavigation expression.

TheMerge opeantorontheotherhand,perormsembedshe quel outpus thatare
givento it asparametelinto theoutpu of thelocally evaluatedbartof thequery It then
appliesary requiredaggegationfunction overtheresultingdoaument.

Thisappioachis illustratedin Figure5 andexemplifiedin the next sub-section

4.2 Query examples

Thefollowing quey illustratesthesituationthatariseswhenall thedatainvolvedin the
queryarelocally storedby the provider who hasrecevedthe queryreqiest.
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Fig. 5. Queryingdistributedtracessplitting, dispatchingandmeiging sub-results.

Q.1: Query locally processed
For eacdh compmenttriggeredin the cortext of theexecutionelof S,giveits namethe
Id of its executia instance andthe location whele the executiontraceis stored.

For $se in document("traces.xml")/serviceExecution[@name="S" and @execld="e1"]
/triggeredComponents/serviceExecution
return <serviceExec name=$se/@name execld=$se/@execld loc=$se/@loc/>

In this query thefollowing expressionsareused:

— document(“traces.xml”) is theroot noce of thedocunent.

— betweer] and] is afilter: serviceExecution[@name="S" and @execld="e1"] selects
elementwhosevalueof the attributename is S andfor the attributeexeclid is el.

— | providesaccesgo the children of the currert node.Therefae, /serviceExecution
locateschildrenof therootnode. Theresultis asetof nodesgachoneis anelement
containirg informationrequiedby the quay.

— theFor ... return loopiteratesoverthesetobtainedy thepreviousstep.Thevarigble
$se denotesa serviceExecution element.

— @ locatesattributesof the currert noce. Therebre, serviceExecution/@name de-
notesthe attribute namefor a givenserviceExecution element.

The above queryis locally processedsinceit only involves executions that have
beenlocally hosted According to the XML doaumentof Section3.3theresultis:

<result>
<serviceExecution name ="S1” execld="el” loc="www.prov1l.com/S1l/el.xml"/>
<serviceExecution name ="S2” execld="e1” loc="www.prov1l.com/S2/el.xml"/>
<serviceExecution name ="S3” execld="el” loc="www.prov2.com/S3/el.xml"/>
<serviceExecution name ="S5” execld="el” loc="www.prov3.com/S5/el.xml"/>
</[result>

Q.2: Query involving multiple remotesites

For each compamenttriggeredin the context theexecutione1of S, retrieveits name the
IDs of its executioninstane its duration, and detailsabaut its triggered compomnts
(name executionidentifier andlocation whele thetracehasbeenstored).

For $se in document("traces.xml”)/serviceExecution [@name="S" and @execID="e1"]
/triggeredComponents/serviceExecution return
<service>
<name> $se/@name </name> <execld> $se/@execld </execld>



<duration> $se/time/@start - $se/time/@finish </duration>
<triggeredComponents> $se/triggeredComponents/serviceExecution
</triggeredComponents>

<[service>

In the above query expressionssse/time/@start, $se/time/@finish and $se/trigge-
redComponents/serviceExecution canna be executedlocally. The scopeof this quer
includes XML docunentsremdely storedby providersprovl.com(who hostedexecu
tionelof Slandelof S2),prov2.com(whohostedexecuion elof S3),andprov3.can
(who hostedexecuion el of S5). The pracessingof this queryis describedelow.

— Thefirst stepis to split thequer into 4 sub-qeries,andto execute themainquey.
Thisresultsin anXML docunentthatcontairs subqueriesto be executedremdely
andcontairs for eachof them,the URL of the provider who is responsike for its
processingln the sequelwe detail only the partof the docunentdedicatedo the
serviceS1:

<result> <service>
<name> S1 </name> <execld> el </execld>
<query> <recipient> www.provl.com </recipient>
<queryText> <duration>
document("S1/el.xml")/serviceExecution/time/@start
- document("S1/el.xml")/serviceExecution/time/@finish
</duration> </queryText>
</lquery>
<query> <recipient> www.provl.com </recipient>
<queryText> <triggeredComponents>
document("S1/el.xml”)
IserviceExecution/triggeredComponents/serviceExecution
</triggeredComponents> </queryText>
<Ilquery>
</service>

/* Subqueries related to S2, S3 and S5 are similarly described */
<lIresult>

— Thesecondstep,consistan sendiy eachsubquery to the corresppnding provider
who execuesit andretunstheresult:

Q1: <duration> document("S1/el.xml")/serviceExecution/time/@start
- document("S1/el.xml”)/serviceExecution/time/@finish </duration>
to provl.com

whoseresultis (seeFigure4): <duration> 5 </duration>>.

Q2: document("S1/el.xml")
I/serviceExecution/triggeredComponents/serviceExecution
to provl.com

whoseresultis: <triggeredComponents> <!-empty —> </triggeredComponents>
Subqueeriesrelatedto other services(respectrey S2, S3 and S5) are processed
similarly exceptthey aresentrespectidy to provl.can, prov2.canandprov3.com



— Finally resultsreceved for remotesubqeeriesaremeigedin order to producethe
overall queryresult:

<result>
<service>
<name> S1 </name> <execld> el </execld> <duration> 5 </duration>
<triggeredComponents> </triggeredComponents>
</service>
<service>
<name> S2 </name> <execld> el </execld> <duration> 3 </duration>
<triggeredComponents> </triggeredComponents>
</service>
<service>
<name> S3 </name> <execld> el </execld> <duration> 3 </duration>
<triggeredComponents> </triggeredComponents>
</service>
<service>
<name> S5 </name> <execld> el </execld> <duration> 3 </duration>
<triggeredComponents> </triggeredComponents>
</service>
<Iresult>

5 RelatedWork

Theissueof collectingtracesof Web serviceexecutionsis addresseth [18]. The au-
thors presenta mechaism for tracking messagesxchamged betweenWeb services.
Tracesarerepresentedaspadsaddedto XML messageslhetraceof a compaite ser
vice execution goesfrom the first compnentserviceto be execued to the last one
throwgh all the intermedate compnentsthatincrenentally enrichthe traceswith data
describiry their own exeaution. At the end,the overall traceis storedby the provider
who was respomible for executing the initial compaent service.This peerto-peer
communicationfor tracecollectionis very closeto the oneproposedin our appioach.
Unlike the presentpropcsal however, [18] doesnot addresshe issueof storingand
quenyng tracesin a distributed ervironmen. Instead the entiretraceof a compsite
serviceexecuion is storedin asinglesite.

Theissueof tracingtheexeaution of Webservicesds closelyrelatedto thatof work-
flow tracing,which hasbeenaddessedn [15] and[12]. [15] presets anapprachfor
tracingthe execution of workflows expressedas statechartsSpecifically the auttors
shawv thatthe processof tracinga workflow executioncanitself be seenasa workflow.
Consequetly, by memging a workflow W, with the workflow dedicatedo tracingthe
execuion of W, oneobtairs a “self-tracebleworkflow”. Unlike our propcsalhowever,
[15] doesnot discusgtheissueof tracingprocessexecutionsin a distributedandinter
organisationbervironment,which is the kind of environment whereWeb servicesare
typically execued. Also, thework repotedin [15] differs from oursin thatit doesnot
addresstheissueof queling thetracesof processexeaitions.

In [12] the authas assumehat workflows are execued in a distributed erviron-
ment,andthat eachnode(in our context: eachprovider) maintainsthe history of its



taskexecuions(in our context: its serviceexecutions).Within this context, the auttors
presenseveral stratgiesfor evaluatingqueies suchas“retrieve the history of a given
processinstance”.In [12], the setof entitiespatrticipding in the executian of a work-
flow is assumedio befixed,wherea®urappoachcatersor runtime provider selection.
Ourapprachalsodiffers from theabove onein thatwe considettracesstoredin XML,
whereag12] relieson anobject-agienteddatabaesuppoting OQL.

As discussedh theintroduction of this paperthetracesof serviceexecutionscanbe
usedfor differert purppsesaudit,monitoling, optimisatian, etc.In particularanumter
of researctefforts in the areaof workflow managenenthave beendirectedtowards
developing techniques for predcting excepions and preventing deadlineexpirations
by analysingprocessexeaution traces(e.qg.[8, 6]). [8] studiesthe use of datamining
technigiesto analyse(centalised) workflow executio logs, in order to predct and
preventexceptionsof variows kinds, suchasdeviationsfrom the optimal or acceptale
processexeaution thathinderthedelivery of serviceswith the expectedquality.

The above discussionis summarisedn Table 3. For eachapprach, the columm
Collection stateswhetherthetracecollectionis dore through a centralschedulecen-
tralisedorchestration)or through peerto-peerexchangesbetweerthe compnert ser
vices(P2Porchestratin). Thecolunn Storage statesvhethetthestorageof thetraceds
centralisecdbr distributed The columnQuerying, whenapplicalte, indicatesthe query
ing techniquesusedby theappoach.

Approach |[Collection Storage |Querying
[8] N/A centralisegdatamining
[12] centralised |distributed OQL

[15] centralised |centralisedN/A
[14,18] P2P centralisedN/A

our approachcentralised/P2f@istributed Xquery

Table 3. Comparisorof relatedwork on tracingcompositeserviceexecutions

6 Conclusion

Thework repatedin this paperaddessedheissueof tracingcompsiteservicesThe
maincontibutionsare:

— A datamodé of tracesof compasite serviceexecuions.

— A representatiorof thesetracesin XML.

— Two appoachedor collectingexeaution traces:onewith a centralschedulerand
onebasedn P2Pinteractiors.

— An apprachto storethesetracesin a distributedervironmert.

— An apprachto exeate queaiesover thesedistributedtraces.

We have implemerted a pratotypeof the collectionandqueryng apprachesThe
commuicationsbetweerprovidersareimplemenedin Java RMI [22]. The queryen-
gine hasbeenbuilt ontop of Kweelt[19]: atool thatimplemerts Quilt [3] a dialectof



XQuery Theprototype suppots mostbasicXQueryfeaturesalthowghit doesnot sup-
portadwvarcedfeaturesuchastheclosue operato. Ongoirg work is beingdedicatedo
genealisingthe querymultiplexerin orderto tackleall Xqueryexpressios, andto de-
signoptimisationstratgiesaimedat minimising commnunicationcosts.An exanple of
suchoptimisationis to groyp togetherll the subgeriesto be sentto thesameprovider.
Ontheotherhandefforts arebeingdirectedowards designingechniqiesfor analysing
tracesof pastexecutionsin orderto perfam optimisationsandself-tunirg both stati-
cally andat runtime. In particdar, the useof execuion tracesfor run-time provider
selectionis beingstudiedin the contet of the SELF-SER/ systen(1].
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