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Abstract Webservicesbring programmersa new way to developadvancedap-
plicationsable to integrateany group of serviceson the Internet into a single
solution.Webservicesprocurement(WSP)is focussedon theacquisitionof web
services,includingsomecomplex taskssuchasthespecificationof demands,the
searchfor availableoffers,andthebestchoiceselection.Althoughthetechnology
to supportthemalreadyexists,thereareonly a few approacheswhereinquality-
of-servicein demandsandoffers is taken into account,in additionto function-
ality. In this paper, we presentsomeimplementationissueson a quality-aware
approachto WSP, whosesolutionis mainly basedon usingmathematicalcons-
traintsto definequality-of-servicein demandsandoffers.
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1 Intr oduction

Theincrediblesuccessfulnessof theInternetworld haspavedthewayfor asub-industry
devotedto developingandconsumingweb services,which is beingconsideredasthe
coreof the next-generationInternet.Web servicesbring programmersa new way to
developadvancedapplicationswhichcanintegrateany groupof servicesontheInternet
into a single solution. It may involve, possibly, the useof web servicesprovided by
differentorganisations,cooperatingin complex collaborations.Thus,thereis a needof
agreementsin orderto establishtheobligationsto bothsides,i.e. customerswhich use
webservices,andproviderswhichsupplythem.

Moreover, if wewantto haveacompetitivetechnologybasedonwebservices,then
oneof challengesto be solved is quality-of-serviceownedby them [30]. Therefore,
theseagreementsshouldincludenot only functional,but alsoquality-of-serviceobli-
gations.All available web servicesmay not be appropriate,only thosefulfilling the
demandson quality-of-service.Federatedsystems[2], cross-organisationalworkflows
[13,15] andmulti-organisationalweb-basedsystems[5, 23] areseveralexamplesof this
kind of systems.�
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In this context, softwareprocurement[9, 10] becomesweb servicesprocurement
(WSP):anactivity focussedon theacquisitionof webserviceswhicharerequiredby a
web-service-basedsystem.In general,typical tasksinvolvedin WSPare:i) thespeci-
fication of demands,ii) the searchfor availableoffers,and iii) the bestchoiceselec-
tion. Thus,WSPis a critical activity for currentdevelopersbecausethe greatnumber
of availableoffers andquality-of-serviceparameterswhich can be involved in these
tasks.Nowadays,thereis a greateffort from industryin supportingWSP-relatedtasks.
However, most of approachesare basedon functionality, and there are only a few
which allow a limited expressivenesswhenspecifyingquality-of-servicein demands
andoffers. Usually, someof their drawbacksare:i) specificationof quality-of-service
is only basedonsinglequality-of-serviceparametersinvolvedin simpleexpressions,or
ii) specificationof quality-of-servicein offersis basedon pairsparameter/value,or iii)
unavailability of a solver ableto process(someof) expressions,or iv) no optimization
of searchprocesses,or others.

In this paper, we presentsomeimplementationissueson a quality-awareapproach
for WSP. Theproposedsolutionis basedon usingmathematicalconstraintsto specify,
in a declarative way, quality-of-servicein demandsandoffers of web services.This
allows a greatdealof expressivenessandmakespossibletheimplementationof WSP-
relatedtasksby meansof solving constraintsatisfaction problems(CSP).Currently,
we areworking on a prototypewhich makesuseof availabletechnology:i) XML is
usedto specifyquality-of-servicein demandsandoffers, following the XML schema
correspondingto QRL [23,27], the languagewe have proposedfor specifyingquality
requirements,ii) XSLT is usedto transformXML documentsinto constraintsatisfaction
problems,andiii) ILOG’sOPL Studiois theconstraintsolver.

Therestof this paperis structuredasfollows.First,Section2 introducesthenotion
of web serviceprocurementwith a caseof study. Next, Section3 shows the useof
mathematicalconstraintsto specify quality-of-service,and implementationof WSP-
relatedtasksby meansof CSP. Then,Section4 describessomeimplementationissues
of the prototype,remarkingon web serviceswe have built so far. Finally, Section5
reviewstherelatedwork,giving abrief comparativeof existingapproaches,andSection
6 will summarisethepresentedwork andtheimmediatefuture.

2 WSP in a Nutshell

As introducedabove, WSPis focussedon the acquisitionof web serviceswhich are
requiredby a web-service-basedsystem.As anexample,considerthatsomeoneis in-
terestedin settingupawebportaldevotedto videobroadcasting,sothatit offersacata-
logueof videos,andthesamefunctionalityjust asa domesticvideoplayer. In orderto
achievesuchgoal,thesystemshouldincludea servicefor streamingvideothroughthe
Internet,a servicefor managingcataloguesandkeepingthemup-to-date,anda service
for managingvirtual shops.Thus,thewebportalbecomesacomposedservicethatinte-
grateswebservices,possiblyprovidedby otherorganisations.As well, theagreements
for usingtheseservicesshouldbeestablishedhaving their quality-of-servicetakeninto
account,includingboththeoriginaldemandandtheselectedoffer.



Figure 1 shows a fragmentof the componentsview of the multi-organisational
web-basedsystemwhich correspondsto this portal. The IVideoServer interface
abstractsthoseoperationsthat a componentdelivering video on demandshouldim-
plementin orderto be incorporatedinto the system.Thereareseveral notesattached
to every architecturalfragment.They arewritten in QRL (Quality RequirementsLan-
guage)[23,27], a languagewe have designedfor specifyingquality-of-service.A first
noteis associatedwith theIVideoServer interface:it statesthedemandfor quality-
of-serviceto be guaranteedby a web servicewhich implementsthis interfaceso that
it canbe eventuallyusedby the system.Remainingnotesareassociatedto web ser-
vices: they statethe offer of quality-of-servicewhich their providersguaranteewhen
deliveringvideoon demand.

IVideoServer
�Web video portal

http://velazquez.eii.us.es

Internet
�

Video provider
'velazquez'

Video provider 'zipi'

http://zipi.eii.us.es

using Catalogue.Reliability, Catalogue.Multimedia;
demand for IVideoServer {
  d1: MTTF / (MTTF + MTTR) >= 0.90;
  d2: { modem, ISDN } include-equal  MEDIA;
}
assessment  {
  MTTF {90, { (0,0), (90,0.5), (120,1) } };
  MTTR {05, { (0,1), (20,0.6), (30,0) } };
  MEDIA {05, {
    case MEDIA = {}: 0;
    case MEDIA = { modem }: 0.1;
    case MEDIA = { ISDN }: 0.3;
    case MEDIA = { modem, ISDN}: 0.5;
    case MEDIA = {ADSL}: 0.9;
    case MEDIA = { modem, ADSL }: 1;}
    case MEDIA = { ISDN, ADSL }: 1
    case MEDIA = { modem, ISDN, ADSL}: 1};
}

using Catalogue.Reliability, Catalogue.Multimedia;
offer for  IVideoServer {
  o1: MTTF in  [110,120];
  o2: MTTR in (5,10];
  o3: MEDIA =  { modem, ISDN, ADSL};
}
�

using Catalogue.Reliability, Catalogue.Multimedia;
offer for  IVideoServer {
  o1: MTTF in  [110,120];
  o2: MTTR in  (5,10];
  o3: MEDIA = { modem, ISDN };
}

Figure1. A componentsview of a videowebportal.

In thiscase,theinvolvedquality-of-serviceparametersareMean Time To Fai-
lure (MTTF), Mean Time To Repair (MTTR), andMedia Support (ME-
DIA). Whenever a new offer or demandis submittedto the system,it needsto be
checkedfor consistency, thatis to say, whetheror not it containsinnercontradictions.If
we readbothdemandandoffersin Figure1, we will verify thatthey all areconsistent.
On theotherhand,whenevernew consistentdemandsonwebservicesaresubmittedto
thesystem,it needsto searchthoseavailableoffersin conformancewith them.An offer
is conformantto ademandif all quality-of-servicevaluesguaranteedby theoffer fulfill
thedemand.If we readall theoffersin Figure1, we will verify they all areconformant
to thedemandwhich is neededto besubcontractedby thesystem.



Moreover, asdifferentoffers canbe conformantto a given demandthe bestoffer
shouldbeselected.This selectionis basedon assessmentcriteriawhich customerscan
attachto demands,containingtheir assessmentsregardingwith valuesthatquality-of-
serviceparameterscantake, togetherwith theirpreferencesamongthem.In thisway, a
web-service-basedapplicationissaidtobeoptimumwhenit is composedof asetof web
servicesso that their offers maximisethe assessmentcriteria from a customer’s point
of view. Thesesystemsarealsovery flexible, becausewebservicescanbeexchanged
without unnecessarystopswhenever new demandsand offers are submitted,and/or
betteroffersarefound.Accordingto assessmentcriteriaincludedin Figure1, provider
velazquez is thebestoffer: bothoffersvelazquez andzipi own thesamevalues
for MTTFand MTTR, but the first offers a bettermediasupportbecauseit includes
ADSL, whichhasa betterassessmentfrom thecustomer’sviewpoint.

3 Supporting WSP with Constraint Programming

The coreof the solution relies on the specificationof quality-of-servicein demands
andoffers by meansof mathematicalconstraints.In this way, it is achieved a greater
dealof expressiveness,andsubsequentcheckingof properties,suchasconsistency and
conformance,and computingof utility assessmentof offers, can be implementedas
a constraintsatisfaction problem(CSP)[11,14,20]. A CSPis composedof a set of
variables,eachof which is givena domainwhich specifiesthe valuesit cantake, and
a setof constraintson valuesthey cantake in a concretecontext. A CSPis saidto be
satisfiablewheneverthereexists(at least)onesolution,i.e.all thevariablescanbegiven
avaluesothattheconstraintsarefulfilled asawhole.In general,CSP-basedmodelling
is quite simpleandintuitive (in mostcases)in the context of problemswhich we are
dealingwith.

3.1 Consistencyand conformance

The consistency of every demandor offer which is submittedto the systemneedsto
be checked, i.e., to computewhetheror not the correspondingCSP, composedof all
the mathematicalconstraintswhich are includedin it, is satisfiable.In Figure 1, we
canverify all CSPcorrespondingto demandandoffers aresatisfiable,so they all are
consistent.

On theotherhand,theconformanceof anoffer (by a provider) to a demand(from
a customer)alsoneedsto bechecked,i.e.,we areinterestedin determiningwhetheror
not eachandevery solutionto theCSPcorrespondingto theoffer is alsoa solutionto
theCSPcorrespondingto thedemand.Formally [20]:� � ���	� 
 �� ��� � � ��� � ����� � � � � ������ � �! "�	� # � �
where � is the offer and � � its correspondingCSP, � is the demandand � � its corres-
pondingCSP, and � � � is a function that we identify with the constraintsolver we are
using.It canbeappliedon a constraint� sothat it returnsoneof thefollowing results:� 
 $	� , if � is satisfiable,�	� # � � if not, and % if the constraintsolver cannotdetermine
whether� is satisfiableor not. In Figure1, we canverify bothoffersareconformantto
thedemand.



3.2 Optimality

As describedabove, it is possibleto have several offers which are conformantto a
demandfor a web service.Therefore,a selectionmechanismto choicethe optimum
serviceis needed.This selectionis carriedout accordingto theassessmentcriteria the
customerincludesin his or her demand.Thesecriteria aregiven by meansof utility
functions[8,18,22] which, in general,have the signature&('�)+*-, . / 0 1 , where )
is the measuringdomainof a quality-of-serviceparameter. In this way, the customer
candefinehis/herassessmentcriteriaregardingwith aparameterby meansof anutility
function which assignsan utility assessment(rangingfrom 0 to 1) to every value it
can take, so the greaterthe assessment,the betterthe considerationof the customer.
Therefore,utility functionsallow the establishmentof an objective criteria, given by
customers,in orderto selecttheofferswhichbetterfulfill thedemands.Figure2 shows
severalutility functionscorrespondingto thedemandin Figure1.
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Figure2. Utility functionsfor 46575!8 , 46575!9 , and 4;:=<=> ? .

Moreover, we arenot usually interestedin utility functionswith regardto lonely
quality-of-serviceparameters,but on maximising the global assessmentof offers in
order to selectthe bestone,being theseoffers conformantto the demand.Neverthe-
less,we cannot computethe maximumutility assessmentof offers whencomparing
them,becauseoffersareguaranteeingthecompleterange,notonly aparticularquality-
of-servicevalue.Therefore,we comparethe minimum utility assessmentsof offers.
Formally: @�AB;@"C6D�E!FHG @�I�CJD�E�K6L @�M &

E N @!O!P &
E N @�I O

where
@

and
@�I

standfor offersin theset
D�E

of conformantoffersto thedemandQ , and@�A
representstheselectedoffer. Theutility function &

E N @7O
of anoffer

@
accordingto

assessmentcriteriain demandQ is expressedasanoptimizationproblem:

&
E N @!O7BSRUT VXWZY [ \ ]�^

EY`_ E N ) Oa b c d e \ f	f g�\ ]
where) representsa quality-of-serviceparameterwhich is involvedin theoffer’sCSPh i , and

_ E N ) O its utility function,and ^
EY

its assignedweight,accordingto assessment
criteria in demandQ . On the otherhand,weightsareneededto expressthata quality-
of-serviceparameteris preferredto another.



In Figure1, sincebothoffersareconformantto thedemand,we will have to com-
putetheir utility assessmentsin order to comparethem.In this way, both offers ownj�k lnm=m=oqpsr r t u!pnt v w x

and
j�k lnm=m=ynpsr t u!pnt v w

, thevelazquez offer ownsj�k lqz|{U} ~=u!pqr
, and the zipi offer owns

j�k lqz|{U} ~=u!pZt v �
. Therefore,utility

assessmentof velazquez is
t v �H��t v w xH�;t v t �=��t v t �|�;t v t �=�Hr�pqt v w �

, andutility
assessmentof zipi is

t v �=�!t v w x��;t v t ���!t v t �=�6t v t ���!t v �|pZt v w r �
, sothebestoffer

is velazquez .

4 Implementation Issues

4.1 Overview of the prototype’sarchitecture

Currently, wearedevelopingaprototypeof theframework for managementandexecu-
tion of multi-organisationalweb-basedsystems.A preliminaryversionof theprototype
is availableat the webpagehttp://www.lsi.us.es/˜octavio , which shows
somepreparedexamplesusingthewebserviceswhich have beenimplementedsofar.
In fact, they will constitutethekernelof a futurerun-timeframework whosearchitec-
turehasbeenalreadydefinedandpublishedin otherworks[21,24,28]. A components
view of its architectureis shown in Figure3.

<<web service>>
CSP Solver

<<web service>>
Quality Trader

ICSPSolver

implements
isSatisfiable ()
getUtilityAssessment ()

implements
checkForConsistency ()
checkForConformance ()
seachForBestSelection ()

<<web application>>
Demand Editor

<<web application>>
Catalogue Editor

<<web application>>
Offer Editor

IQualityTrader

Figure3. Architectureof theprototype’s run-timeframework.

Oneof designdecisionswe havemadeis to deploy all componentsaswebapplica-
tionsandwebservices,sothat theframework itself canbeproperlyconsideredjust as
anothermulti-organisationalweb-basedsystem:

– TheCSP Solver webserviceis awrapperto accesstheactualcomponentwhich
providesthesolver for processingtheincomingCSP. It providestheservicesIs-
Satisfiable() whichit returnswhethertheCSPpassedasaparameteris satis-
fiable or not, and getUtilityAssessment() which it computesthe utility
assessmentof theoptimizationproblempassedasa parameter.

– TheQuality Trader webserviceprovidesthecheckForConsistency() ,
checkForConformance() , andsearchForBestSelection() services.
All thesefunctionshave a similar operation:they take the involveddemandsand
offerswritten in XML asparameters,thethey invoke theappropriateXSLT trans-
formationsin orderto generateautomaticallythecorrespondingCSP, which is pro-
cessedby theCSPsolver to gettheresult,which is finally returned.



4.2 XML schemasfor QRL

We have decidedto adoptXML as the languagefor exchangingQRL-basedquality-
of-servicespecifications,so we have definedseveral XML schemascorrespondingto
abstractsemanticsof QRL language.We havedefinedup to � � � elementsin all, for the
time being,so that any QRL-baseddocumentcanbe written in XML with no lossof
originalexpressiveness.

<?xml version="1.0" encoding="utf-8" ?>
<QRL-Core-QualityDoc
                xmlns:qrl="http://oztabio/Qrl-Xml-Opl/Qrl-Core.xsd">
  <Catalogues>
    ...
  <Requirements >
    <Requirement >
      <Identifier>d1</Identifier>
      <ComplexConstraint >
            <BasicConstraint >
              <GreaterOrEqualThanConstraint >
                <Arithmetic >
                  <LeftOp><Division>
                      <DividendOp><ArithmeticVariable > ...
                        <Addition >
                          <Operand><ArithmeticVariable

�
> ...

                          <Operand><ArithmeticVariable
�

>
                    ...
                  <RightOp><ArithmeticValue >
      ...
    </Requirement>
    <Requirement >
      <Identifier>d2</Identifier>
      <ComplexConstraint >
        <BasicConstraint >
          <IncludeOrEqualConstraint >
            <Set

�
>

      ...
    </Requirement>
  </Requirements>
  <AssessmentCriteria >
    <UtilityFunction >
      <QualityAttribute>MTTF</QualityAttribute>
      <Weight>90</Weight>
      <Function><Piecewise>
        <Point><QualityValue>...<Valuation>...
        ...
    </UtilityFunction>
    ...
    <UtilityFunction >
      <QualityAttribute>MEDIA</QualityAttribute>
      <Weight>5</Weight>
      <Function><Casewise>
        <Case>
          <QualityValue><ComplexConstraint > ...
          <Valuation>
          ...
        <Case>
          <QualityValue><ComplexConstraint > ...
           <Valuation>
          ...
      </Casewise></Function>
    </UtilityFunction>
  </AssessmentCriteria>
</QRL-Core-QualityDoc>

using Catalogue.Reliability, Catalogue.Multimedia;
demand for

�
 IVideoServer {

  d1: MTTF / (MTTF + MTTR) >= 0.90;
  d2: { modem, ISDN } include-equal  MEDIA;
}
assessment  {
  MTTF {90, { (0,0), (90,0.5), (120,1) } };
  MTTR {05, { (0,1), (20,0.6), (30,0) } };
  MEDIA {05, {
    case MEDIA = {}: 0;
    case MEDIA = { modem }: 0.1;
    case MEDIA = { ISDN }: 0.3;
    case MEDIA = { modem, ISDN}: 0.5;
    case MEDIA = {ADSL}: 0.9;
    case MEDIA = { modem, ADSL }: 1;}
    case MEDIA = { ISDN, ADSL }: 1
    case MEDIA = { modem, ISDN, ADSL}: 1};
}

Figure4. An exampleof aQRL-baseddemandwritten in XML.

As an example,Figure 4 shows partially a demandwritten in XML. The QRL-
Core-QualityDoc XML-elementis therootof specification,whichincludesnames
of catalogueswhicharebeingusedandtherequirements.Eachrequirementis givenan
identifier anda constraint.In turn, a constraintis expressedwith a ComplexCons-
traint XML-element,which is the root of all mathematicalconstraintsavailablein
QRL, including logic, comparison,assignment,andarithmeticoperators.Finally, the
AssessmentCriteria XML-elementis therootof specificationof assessmentcri-
teria.EachinnerUtilityFunction XML-elementcontainsthenameof a quality-
of-serviceparameterandits weightof preference,andits properspecification.



4.3 CSPsolver: ILOG’ sOPL Studio

The CSPsolver which we have usedis ILOG’s OPL Studio [16]. Its languageOPL
(OPtimizationLanguage)is easyto use,sowe have consideredit for solving theCSP
correspondingto WSP-relatedtasks,suchascheckingof consistency andconformance,
andbestchoiceselection.An OPL modelcontainsa CSP, andit is basicallycomposed
of a sectionfor declaringvariables,a maximise/minimisesectionto includean opti-
mizationfunction,anda sectionwhich includesthesetof constraints.

enum TYPE_MEDIA { MEDIA_modem,MEDIA_ISDN,MEDIA_ADSL};
var int MEDIA[TYPE_MEDIA] in 0..1;
var int UTILITY_MEDIA_VALUE in 0..111;

range TYPE_MTTF 0..120;
var TYPE_MTTF MTTF;

range TYPE_MTTR 0..30;
var TYPE_MTTR MTTR;

minimize
  0.90 * piecewise{0.55->90;1.67->120;0} MTTF+
  0.05 * (100 - piecewise{2->20;6->30;0} MTTR) +
  0.05 * piecewise{1->1;3.22->10;20->11;0.45->100;10->101;0}
                    UTILITY_MEDIA_VALUE

subject to {
  UTILITY_MEDIA_VALUE
     = sum(AUX_MEDIA in TYPE_MEDIA)
           MEDIA[AUX_MEDIA] * pow(10,ord(AUX_MEDIA));

  // VELAZQUEZ'S IVIDEOSERVER OFFER
  (  110 <= MTTF <= 120
   & 5 < MTTR <= 10
   & MEDIA[MEDIA_modem] = 1
      & MEDIA[MEDIA_ISDN] = 1 & MEDIA[MEDIA_ADSL] = 1 );
};

enum TYPE_MEDIA
                 { MEDIA_modem,MEDIA_ISDN,MEDIA_ADSL};
var int MEDIA[TYPE_MEDIA] in 0..1;

range TYPE_TTF 0..120;
var TYPE_TTF TTF_MEAN;

range TYPE_TTR 0..30;
var TYPE_TTR TTR_MEAN;

// IF NO SATISFIABLE, THE OFFER IS CONFORMANT
// TO DEMAND

solve {
   ( // VELAZQUEZ'S IVIDEOSERVER OFFER
        (110 <= TTF_MEAN <= 120)
     & (5 < TTR_MEAN <= 10)
     & ( MEDIA[MEDIA_modem] = 1
          & MEDIA[MEDIA_ISDN] = 1
              & MEDIA[MEDIA_ADSL] = 1) )
   &
   not( // IVIDEOSERVER DEMAND
             ( (TTF_MEAN * 100) / (TTF_MEAN+TTR_MEAN) >= 90 )
          & ( MEDIA[MEDIA_ISDN] = 1
                & MEDIA[MEDIA_modem] = 1) );
};

b) OPL model for conformance.

range TYPE_MTTF 0..9999;
var TYPE_MTTF MTTF;

range TYPE_MTTR 0..9999;
var TYPE_MTTR MTTR;

enum TYPE_MEDIA
                  {MEDIA_modem,MEDIA_ISDN,MEDIA_ADSL};
var int MEDIA[TYPE_MEDIA] in 0..1;

// IF SATISFIABLE, DEMAND IS CONSISTENT

solve {
  ( (MTTF * 100) / (MTTF + MTTR) >= 90 )
 &
  ( MEDIA[MEDIA_modem]=1 & MEDIA[MEDIA_ISDN]=1);
};

a) OPL model for consistency.

c) OPL model for computing the utility assessment.

Figure5. OPL modelsfor consistency, conformance,andutility assessment.

Nevertheless,althoughtheOPL solver hasdemonstratedto bea goodCSPsolver,
it presentssomedrawbacks,but noneof themhave demonstratedto be definitely un-
avoidable.Theseweaknesseshaveslightly restrictedtheoriginal expressivenessof our
solution,andmadesomeimplementationaspectsharderaswell. Figure5 showsseveral
examplesof OPL models,referredto examplesof Figure1, accordingto definitionsin
Section3: a)consistency of ademand,b) conformanceof velazquez ’soffer to ade-
mand,andc) computingtheutility assessmentof velazquez ’soffer with regardto a
demand.



4.4 XSLT transformations to OPL models

XSLT (eXtensibleStylesheetLanguageTransformations)describesrulesby meansof
templatesfor transforminga XML sourceinto any arbitraryresult.Thesetransforma-
tionsarenot trivial atall, sinceXML schemasof QRL andstructureof OPLmodelsare
verydifferent:

<?xml version="1.0" encoding="utf-8" ?>
<Qrl-Conformance
         xmlns:qrl="http://oztabio/Qrl-Xml-Opl/Qrl-Core.xsd">
   <Catalogues></Catalogues>
   <Attributes></Attributes>
   <TheOffer></TheOffer>
   <TheDemand></TheDemand>
</Qrl-Conformance>

Figure6. A XML templatedevotedto XSLT transformations.

Figure6 shows thetemplatewhich is neededto invoke our XSLT transformations.
In general,a new XML documentis createdin orderto get togetherthe involvedde-
mand,offer andusedcatalogues.As we have usedtheILOG’s OPL Studiotool asthe
CSPsolver, wehavedefinedseveralXSLT transformationsto gettheOPLmodelwhich
containstheappropriateCSPfor checkingtheconsistency andconformance,andcom-
putingtheutility assessment.

5 RelatedWork

Severaltoolsprovide all necessaryelementsto implement,searchandinvoke webser-
vicesusingthecurrenttechnology. However, theseapproacheshave beenfocussedon
functionalityto beprovidedby webservices,but notonquality-of-service.Ontheother
hand,thereare only a few proposalswhich allow a limited expressivenessto speci-
fy quality-of-serviceofferedby/demandedfrom web services,suchasDARPA Agent
Markup Language plus Services(DAML+S) [3], Web ServicesOutsourcing Manager
(WSOM) [6], andUDDI extension(UDDIe) [29]. In general,theseproposalsdo not
allow a symmetricway to specify quality-of-service,becausedemandsare usually
specifiedwith agreaterdealof expressivenessthanoffers,andin mostof casesspecifi-
cationof quality-of-servicein offersis only basedonpairsparameter/value,but notany
morecomplex expression.Figure7 shows a comparativeamongcurrentquality-aware
approachesto WSP.

Currently, therearetwo approaches(asfar aswe know) which allow a greaterdeal
of expressivenesswhenspecifyingquality-of-servicein demandsandoffers, suchas
HP’s MatchmakingEngine(MME) [12], which is basedon the DAML semanticweb
language[4], and Web ServicesMatchmakingEngine/Web ServiceLevel Agreement
(WSME/WSLA) [15,17,19],which is anenhancementof theCORBA/ODPtraderser-
vice andit hasbeenintegratedinto IBM’ s WebServicesToolKit (WSTK) [7]. Thefor-
merownsa greatdealof expressivenessdueto the useof the semanticweb language
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Figure7. Comparative of quality-awareapproachesto WSP.

DAML, but thereis currentlyno DescriptionLogic’s solver able to processsomeof
mostcomplex expressionswhich canbespecified.Thelatteralsoownsa greatdealof
expressiveness:its specificationis basedon usingruleswritten in a scriptinglanguage,
whereinoffers anddemandsareabsolutelysymmetricfrom both viewpoints: the de-
mandcanimposeconditionson theoffer, andviceversa.However, their resultsarethe
lists of all conformantoffersto a demandbut thereis nooptimizationof searches.

6 Conclusionsand Future Work

In this paper, we have presentedsomeof implementationissuesof our quality-aware
approachto WSP. Theproposedsolutionis basedon usingmathematicalconstraintsin
orderto specifyquality-of-servicein demandsandoffers,sowe have achieveda lot of
interestingproperties.First, it ownsa greatdealof expressiveness,includingmultiple
parametersandnon-linearexpressionsinvolving quality-of-serviceparameters.As the
sameexpressivenessis allowedto specifyquality-of-servicein demandsandoffers,our
approachcanbe saidto be symmetric.As well, our approachincludesthe possibility
to expressthe assessmentcriteria which is very important to selectthe bestchoice
accordingto a demand.

Wehavedevelopedaprototypeof therun-timeframework for managementandex-
ecutionof multi-organisationalweb-basedsystems.This prototypeincludesa quality
traderwebserviceasthemaincomponent,which offersservicessuchascheckingfor
consistency andconformance,andsearchingfor the bestchoice.Of course,this web
serviceis a cornerstoneof the framework’s kernel,which will beavailablein thenear
future.Amongthemaincharacteristicsof implementation,we have usedtheQRL lan-
guageto specifyquality-of-service,andXML to specifyQRL-baseddocuments,the
definition of XSLT transformationsto get the appropriateCSPfor carrying out the
WSP-relatedtasks,andthe useof a constraintsolver as ILOG’s OPL Studio.At the



momentof writing this paper, readerswho areinterestedin our proposalcanhave an
overview of ourprototypein thewebpagehttp://www.lsi.us.es/˜octavio .

Regardingwith future work, we want to point out that our approachcan be ex-
tendedin several waysin orderto includenew characteristics:temporalityclausesin
constraints,negotiation clausesto improve the flexibility of the model whenever no
solution can be initially found, and importanceand soft clausesin order to enlarge
the solutionspaceof the search.In fact,definition of temporalityandnegotiationare
currentlyin study[25,26], sowe arebeginningthefirst phasesof improvementsof our
prototypeto includethem.

Finally, the integrationof our modelon the currenttechnologyis alsooneof our
pendingwork. We areawareof the uselessnessof our approachif we do not have a
working prototypeintegratedwith any of them,suchasUDDI or similar. In this way,
our quality traderwill be a componentleveledat the top of a pyramid whereinlower
levelswould be devotedto functional-aspectsof WSP[1]. This stageof development
is currentlystarting,but we hopeto havea completelyfunctionalprototypein thevery
nearfuture.
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