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Abstract. Inthecontext of webserviceprocuremenfWSP) temporal-aareness
refersto managingservicedemandsindofferswhich aresubjectto validity peri-
ods,i.e. their evaluationdependsot only on quality of service(QoS)valuesbut
alsoontime. For example the QoSof somewebservicesanbe consideredariti-
calin working hours(9:00to 17:00from Mondayto Friday)andirrelevantatary
othermoment.Until now, the expressienessof suchtemporal—ware specifica-
tionshasbeenquitelimited. As far aswe know, mostproposaldave considered
validity periodsto be composedf a singletemporalintenal. Other proposals,
which couldallow moreexpressve time—dependergpecificationshave not per
formeda detailedstudyaboutall the underlyingcompleities of suchapproach,
in spiteof thefactthatdealingwith complex expression®n temporalityis nota
trivial taskat all. As a matterof fact, it requiresa specialdesignof the so—called
procurementtasks(consisteng and conformancechecking,and optimal selec-
tion). In this paper we presenta constraint—basedpproachto temporal-aare
WSR Usingconstraintsallows a greatdealof expressienesssothatnotonly de-
mandsandofferscanbeassignedalidity periodsbut alsotheir conditionscanbe
assignedpossiblymultiple) validity temporalsubinterals. Apart from revising
the semanticf procurementasks,which we previously presentedn the first
edition of the ICSOC conferencesye alsointroducethe notion of the covering
setof a demandatopic which s closelyrelatedto temporality

Keywords: servicesprocurementguality, temporality constrainfprogramming.

1 Intr oduction

Web serviceprocuremen{WSP)—includingautomatedsearchand selection—ofthe

bestwebservicesaccordingo their offeredquality of service(QoS)is anactivity which

is gainingimportancein the developmentof enterprise—leel systemswith a service—
orientedarchitecturg SQA) [18,24].

* This work hasbeenfundedby the SpanishGavernmentundergrantTIC2003-02737-C02-01,
AGILWEB project.



Webservicesasa particularcaseof softwae pakages mustbeselectedhccording
to userrequirementd3, 4]. On the one hand,theseuserrequirementsto which we
referto asdemandsareusuallyspecifiedusingbooleanexpressionsi.e. conditionson
attributesdescribingthe desiredQoS of a service,for examplé MTTF > 100. On
the other hand,web serviceproviders usually guaranteghe QoS of the servicethey
provide,i.e. their offers, for examplel00 < MTTF < 120.

Procurements the processof finding the bestoffer for a given demand[18]. Its
typical scenariois: (1) a provider adwertisesits offersin a repository (2) a customer
asksits matchmaler for anoffer to meetits demandsand(3) the matchmakrsearches
for matchingoffers, returninga resultwhich may be an optimal offer accordingto a
givencustomercriterion,or afailuremessagé no matchingofferis found[21].

Temporalityis an importantaspectof WSP If a demandor offer is subjectto a
validity period,it is saidto be tempoal-awale. As an example,in orderto specifya
(partof a) demandas*“the MTTF of the web serviceat working hours (9:00 to 17:00,
Mondayto Friday) shouldbe (at least) of 99%, otherwise90%’, we would require
to definemultiple, periodicalvalidity periodsassociatedo concreteconditionsof the
demand.Othertemporalaspectdo be taken into consideratiorare the granularity of
time points,periodsanddurations andthe differenttime zonesin which demandsand
offers(D&O) canbeavailable.

Not only it is necessaryo extendthe currentmodelsin WSPin orderto improve
their expressvessregardingtemporality but it is alsoneededo re—thinkthe so—called
procurementasks,i.e. consisteng andconformanceheckingsandoptimal selection,
becauseof the non-trivial, intrinsic semanticof temporalexpressionsFor example,
in a non-temporal-aare context we definethe notion of pessimisticconformanceso
that an offer is conformantto a demandiff all the quality valuesguaranteedy the
offer satisfythe conditionsimposecdby thedemandLet imagineadummydemandand
offer whichwereconstitutedy only avalidity period,with no conditionsregardingary
quality attribute.If thevalidity periodof theoffer wereincludedin thevalidity periodof
thedemandthensuchoffer couldbeconsidereésconformantBut thisis notthecase,
becausehe offer doesnot cover the validity periodof the demand so the offer is not
conformantin generaljf temporalityis takeninto accountthe notionsof consisteng,
conformanceandoptimalselectionrmustberevised.

Until non—to thebestof ourknowledge—proposalsllow ademandbr anoffer to
have avalidity periodcomposedf only a singletemporalinterval. Only a few of them
allows morecomplex temporalexpressionsbut mostof themhave not provideda de-
tailedstudyaboutthe underlyingcomplexities of operationglueto temporalsemantics.

In this paper we presentan approacho temporal-aare WSPwhich is basedon
constraintprogramming(CP). It is basedon notionsintroducedin our previous non—
temporal-avare, constraint—basedpproachto WSP[15,18]. Using CP for WSP en-
tails someadvantageskFirst, D&O canbestateddeclaratvely, endaving the symmetric
modelwith avery powerful expressvenessothatD&O canbespecifiedwith thesame
expressvenessThus,offersarenot limited to singleparametervaluepairs.Moreover,
it is not necessaryo write specificproceduregor procurementasksbecausehey are
implementedy checkingpropertiesof D&O by meansof a constrainsolver.

L MTTF standgor meantimeto failure.



Figure 1 shaws anillustrative exampleof a temporal-avaredemandlt is written
in QRL (Quality RequiementsLanguage), which is a languagespecifically devised
for that purposeby one of the authorsof this work as part of his PhD thesis[17].
This exampleis intendedto be self-explanatory in orderto give an overview of the
expressvenesf our approachFirst, the demandestablisheshe CentralEuropetime
zone (UTC/GMT+1). Then, it definesthe global validity period (VP) togetherwith
othervalidity periods.Theworkinghours VP is composeaf someperiodicaltemporal
intervals,whereaghe homehours VP is computedrom theglobal VP andtheprevious
one.Anothervalididy periodis seasorwhichis non-periodical.

Note the validity periodscanbe assignedo conditionsof the demandsothatthe
conditionson the samequality attributesaredifferentat workinghours or homehours.
The seasorVP indicatesthe datesbetweenwhich the costof usingthe serviceshould
notbegreatethan10€. Thedemandshostis alwaysin Spainatary time of theglobal
VP.

Notealsotheassessmemtiteriaincludeutility functionswhichdependsipontime.
Thesefunctionsare definedin a piecavise—like way. Eachpoint is associatedo the
correspondingitility value (between0 and1), sothattwo consecutre pointsform a
segmentof thefunction. Utility functionsareweightedby their gradesof importance.

// Service Demand for IVideoServer

using Reliability, Hosting;

product |VideoServer; guarantees {

D4: HOST = SPAIN;

valid zone GMT +1 { }
global { during 01/JUN/2005..31/AGO/2005; }
WORKING { from 9..17 on MON..FRI;}
HOME { global except WORKING; } assessment {

SEASON { during 15/JUL/2005..15/ AGO/2005; ~ MTTF { importance = VERY_HIGH, {
} WORKING { (0,0), (80,0), (100,0.5), (120,1)

5
I HOME { (0,0), (60,0), (90,0.5), (120,1) };}

requires { }
D1:MTTF = 100 and MTTR < 10 on WORKING; ~ MTTR{importance = LOW, {
D2: MTTF =290 and MTTR < 15 on HOME; global {(0,1), (5,1), (10,0.5), (15,0) }; }
D3: COST < 10 on SEASON; }

} }

Fig. 1. An exampleof temporal-avaredemandwrittenin QRL

We alsointroducethe notion of covering Sinceit is possiblethatnoneof the avail-
ableofferswereconformanto a givendemancdbecausé¢hey did notcoverit, onecould
think of selectingseveralofferswhich aregroupedtogetherin orderto build a confor
mantoffer which coversthe validity periodof thedemand.

Therestof the paperis structuredasfollows. First, Section2 introduceshe theo-
reticalbasisfor interpretingthetemporal-avareprocurementasksby meanof CSR so
that Section3 presentour proposalto modelthem.Next, Section4 providesa review
of the state—of—the—artinaly, Section5 concludeghe paperand presentghe future
work.



2 Constraint Programming in a Nutshell

Constrainpprogramming(CP)is the studyof computationamodelsandsystemdased
on contraints.CP is becominga very interestingalternative to the modeling of opti-

mization problemsbecauseof its potentialto solve hard, real-life problems,andits

declaratve nature.A problemexpressedisa setof constraintgs formalizedasa con-

traint satisfaction(optimization)problem(CSP)[5, 7, 8].

2.1 BasicDefinitions

In this section,we introduceCP asthe underlyingformalismof our approachfor ex-
pressingD&O. The core of our proposalwas a set of definitionsusedto rigorously
definethe so—calledprocurementasks.

Definition 1 (CSP).A CSPis a three—tupleof the form (V, D,C) whee V # @ is a
finite setof variables,D #  is afinite setof domaing(onefor eadh variable)andC is
a setof constmintsdefinedon V.

Forinstancefor thefollowing CSP({z, y}, {[0..2], [0..2]}, {z+y < 4,z—y > 1}),
theassignment = {z — 2,y — 0} is oneof its solutions.

Definition 2 (Solution Space).Let ¥ be a CSP of the form (V, D, C), its solution
spacedenotedassol(w)), is composeaf all its possiblesolutions.

soly)y ={oc €V =>D|o(C)}
whete o (C) holdsiff each assignmenin ¢ satisfiesveryconstaintin C.

In the previous examplethe solutionspaceis {{z — 1,y — 0}, {z — 2,y — 0},
{z—2,y—~1}}.

Definition 3 (Satisfiability). Let vy be a CSPof the form (V, D, C), 1 is saidto be
satisfiable denotedassat(z)), iff its solutionspaceis notempty

sat (1) ¢ sol(y) # 0

Definition 4 (Minimum Spaceand Value). Let ¢ be a CSPof the form (V, D, C),
its minimumspacewith regard to an objectivefunctionO, denotedas ming (¢, O), is
composedf all the solutionsof ¢/ that minimizeO. Its minimumvaluewith regard to
0, denotedasminy (1, 0), is thevaluethe objectivefunctiontakeson ming (v, O).

ming(y,0) = { o € sol(¢)) | Vo' € sol(y) - O(o) < O(o') }
miny (4,0) =m <& Yo € ming(),0) - O(o) =m
For instance considerthe CSPin the previous exampleandan objective function

defined as O(z,y) = z%y. In this case, ming(,0) = {{z —» 1,y — 0},
{z — 2,y — 0}}. Theminimumvalueis 0.



2.2 Filters and Projections

In general.the solution spaceof a CSP can be restrictedby meansof intersectinga
secondCSP

Filters A filter is a kind of selection,which allows to obtaina CSPwhosesolution
spacehasbeenrestrictedto thosesolutionscontaininga (possiblypartial) assignment
overthevariables.

Definition 5 (Filtering). Let ¢ be a CSP of the form (V,D,C), and
or = {v1 & dy,...,v; — di} anassignmentlefinedover thek variablesin = C V,
thefiltering of ¢ on o, denotedas vy, 4, ,...,0,—d, » IS @aNotherCSPdefinedon V' and
D whoseconstaint setC’ is C wherin asmanyequalityconstaintsasassignmentm
o, havebeenadded.

k
C'=CuU U{Uz’:di}

=1

In the previous example,thefiltering over o, = {y — 0} resultsin a CSPwhose
solutionspacsds {{z — 1,y — 0}, {z — 2,y — 0}}.

Projections A projectionis anotherkind of selection,which allows to obtainthose
valueswhich take a setof variableswvhene&erthe CSPis satisfiable.

Definition 6 (Projection). Lety bea CSPof theform (V, D, C), andr a setof vari-
ablessuth thatw C V, the projectionof ¢ over =, denotedas 3y, is anotherCSP
definedon = and D, whosesolutionspaceis composedf valuesof variablesin =
which are part of anysolutionin sol(#}).

sol(yr) ={or €m = Dy |Jo €s0l(¢)) -0, Co}
wheie D,. C D is thesetof domainsof variablesin .

In the previous example,the projectionof the solutionspaceover = {z} results
in{{z — 1},{x — 2}}.

3 Temporal-Aware Procurementusing Constraint Programming

In [15,18], we describechow CP canhelp automatingthe procurementasks,i.e. the
checkingfor consisteng and conformanceand selectionof optimal offers. The key
to automatingthe procurementasksis to map D&O onto CSPs.In orderto do so,
eachattribute mustbe mappedntoavariablewith its correspondinglomain,andeach
conditionmustbe mappedntoa constraint.

In this section,we review thesenotionsin orderto make themtemporal-avare.We
assumaen linear, discretetime-structurebasedon naturalnumbersTime elementsare
point times and temporalintervals. A temporalinterval is given by two time points
representingheir extremes.



3.1 Demandsand Offers

Demandsassertthe conditionsthe provider shall meet,whereasoffers asserthe con-
ditions a provider guarantee€s Regardingtemporality all D&O are consideredas (by
default) temporal-avare,i.e. they all have a validity period andtheir inner conditions
can(optionally) establishtime-dependendemandequirement®r offer guaranteedf
aD&O doesnot have anexplicit validity period,it will be supposedo have aninfinite
temporalinterval.

Leté denoteademandandw denoteanoffer. Theircorrespondin@ SParedenoted
asy;s andy,,, respectiely. Let a« denoteademandr offer. Any demandor offer o has
an(implicit) temporalvariable,denotedasr, sothatits domainD, correspondso the
validity period.Innerconditionsof D&O arebasedon QoSattributesand (eventually)
the temporalvariable,so that distinct temporalsubintenals can be assignedo them,
providedthesesubintenalsareincludedin thevalidity period.

T,, standgor a CSPof theform (7, D, true) whoseits solutionspacecorresponds
to the validity periodof a. Note 7’ € T, is a shorthandor an assignmenat time 7’
which belonggto thevalidity period.

For instancethefollowing tuplesdenoteanoffer w; andtwo demand®; andé.:

wi = ({z, 7}, {[0..5], [8.20]}, {7 € [8..13] = 3<z <4, 7 € [14..20] = 1<z <2})
& = ({z, 7}, {[0..5], [8..14]}, {7 € [8..14] = z>2})
8 = ({z, 7}, {[0..5], [8..14]U[16..20]}, {7 € [8..14] => >3, T € [16..20] => z>1})

Their solutionspacesareshowvn graphicallyin Figure2. The offer w; hasthetem-
poralinterval [8..20] as validity period, representinghe office hoursof a day. Each
guarante®f this offer is assigned temporalsubintenal whichis includedin thevalid-
ity period,coveringthe overrall temporalinterval. Thefirst guaranteef w, is valid at
timesin [8..13]. Thesecondyuarante®f w; is valid attimesin [14..20].

Notethe"=-" operatoiis thelogic implicationwith its usualmeaning.

The first demandd; hasa uniquerequirementwhosetemporalsubintenal is re-
gardedto the overrall validity period[8..14]. This demands not definedat ary other
time of aday.

The seconddemandi; hasa validity periodcomposedf two subintenals [8..14]
and[16..20] sothateachrequirements assignedo every subintenal.

3.2 Consistency

Checkinga demandor offer for consisteng allows to unveil whetherthey have inter-

nal contradictiongor not alongthetimeswheneerit is defined.If temporalityis taken
into accountconsisteng mustalsoinvolve a checkingof their validity periods.More-

over, sincetheir requirement®r guaranteesanbe alsoassignedneor moretemporal
intervals, they shouldbe includedin the validity periodin orderto be consideredas
consistent.

2 Forthesale of simplicity, we areassumingaone-way matchmakingi.e. demandsnly require
somethindgrom offers,andoffersonly guarantesomethingo demandshut notviceversaThe
interestedeaderlis referredto [18] whereina two-way matchmakings presented.
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Fig. 2. Solutionspace®f temporal-avareoffersanddemands

Notethatit is alsopossibledifferentdemandequirementsr offer guaranteebave
to be fulfilled at the sametime. Checkingthe consisteng of conditionsand validity
periodsseparatelys notenough put oncevalidity periodshave beenchecled,thecon-
sisteng of conjunctionof all demandsequirement®r offer guaranteeat any time of
thevalidity periodhasto bechecled,aswell.

Definition 7 (Consistency).A demandr offer « is saidto be consistentff theprojec-
tion overtime of its correspondingCSPy, equalsits non-emptyalidity period.

consistent(a) < sol(ayr) = sol(Ty)

For instanceconsiderthe offer w; in the previous example,and anotheroffer wq
definedon the sameattributesanddomainsbut with thefollowing conditions:

{reB.14=3<z<5r€e14.200=1<z<3}

Both of themare shown in Figure 3. Note that the offer w; is consisten{seeFigure
3.a) becausahereare no contradictoryconditionsat any time in the validity period.
However, theoffer wq is notconsisten{seeFigure3.b)becausattime r = 14 (marked
with an arrow) thereexist two contradictoryconditions,so that the solution spaceof
their conjuctionat sucha time is empty and that point time is not includedin the
projection.Therefore sincethe projectiondoesnot equalthe validity period,the offer
wy IS notconsistent.

3.3 Conformance

Checkingif anoffer conformsto a demandallows to know whetherthe valuesguaran-
teedby a party (the offer from a provider) meetthe valuesrequiredby the otherparty
(the demandof a client) wheneverthe demands defined.A non-temporal-avareoffer
w andanon-temporal-&varedemand is saidto be pessimistic-conformaritf the so-
lution spaceof ¥, is a subsef the solutionspaceof ¥5. In termsof CR this canbe
expressedy meansof Marriott and Stuclkey expressiorj14]:

conformant(w,d) & —sat(th, A —tbs)
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Fig. 3. Temporal-avareconsisteng

If temporalityis takeninto accountthis checkingmustbecarriedout atary time of
thevalidity periodof thedemandIn Sectionl, we haveintroducedhe needof revising
the conformancenotion, so that if an offer and a demandwere definedexclusively
by their validity periods,thenthey would be consideredas conformantff the validity
periodof the offer coveredthevalidity periodof thedemand.

Definition 8 (Conformance).An offer w anda demand are saidto be conformantff
thevalidity period of w covers the validity period of §, andthe projectionover time of
the CSPrepresentinghosesolutionsof w which are nota solutionof é is disjointto the
validity periodof 6.

conformant(w,d) < sol(Ts) C sol(T,,)
A sol({th A ~tbs}yr) N s0l(T5) =

For instance considerthe offer w; andthe demandé; in the previous example,
togethemwith thedemand®s andé, whosedefinitionsare:

03 = ({.’L’,T}, {[0“5]’ [ ]

8.20]},{r € [8.13] = z > 3,7 € [14..20] = z > 1})
84 = ({z, 7}, {[0..5], [7..20]

bAT
h{re[r.13] =2 >3,7€[14.20) = z > 1})

Their conformancerelationshipsare shovn in Figure 4. Note that the offer w; is
not conformantto the demandj; (seeFigure4.a)becauseatr = 14 (markedwith an
arrow) the solutionspaceof the offer is not a subsebf solutionspaceof the demand.
Notethis situationis detectedy theaboveformula,becaus¢hetime = = 14 belonggo
the projectionovertime of thosesolutionsof w; which arenotincludedin the solution
spaceof thedemand,, andit is alsoincludedin its validity periodT}, . Theofferw; is
conformanto thedemandi; (seeFigured.b)becausé is conformantatary time of its
validity period,coveringit completelyaswell. Finally, the offer w; is not conformant
to thedemand), (seeFigure4.c)becauset doesnot cover its validity periodsinceit
doesnot supplyanythingat— = 7 (markedwith anarrow). The stripedzonesin Figure
4 representhe solutionspace®f the neggatedCSPcorrespondingo thedemands.
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Fig. 4. Temporal-avareconformance

3.4 Finding the Optimal Offers

The final goal of matchmakingis, given a demand,finding a conformantoffer that
is optimal from the customer$ point of view. This taskis interpretedas a contraint
satishctionoptimizationproblem(CSOP)whichrequiresapreferencerderdefinedon
theoffer set.lt is usualto establishrsuchanorderby meansof aweightedcomposition
of utility functions,whosegeneraform is asfollows:

n n

Uar,...,an) = Y kiUia:) ki€[0,1] > k=1

i=1 =1

whereeacha; denotesa quality attribute,eachk; its associateaveight,andeachU; its
associateditility functionrangingover [0, 1] anddescribinghow importantthe values
of attribute arefor theclient.

Definition 9 (Set of Optimal Offers). Let {25 be a set of conformantoffers to the
demandj, andi/ the assessmenmtiteria givenby an utility function,the setof optimal
offers, denotedas (25 ;,, is constitutedof thoseoffersin 2; which maximizel.

Q5 ={w € 25| V' € 25 - Uw) > U}
where U (w) standsfor the utility of the offer w giveni/.

In a non-temporal-avare context, the utility of an offer correspondso the worst
casethatis to say theutility of thosevalueswhich minimizetheutility function:

U(w) = miny (¥, U)

If temporalityis takeninto account,utility functionscanbe dependenupontime,
sothat quality attributescanhave differentutility valuesat distincttemporalintervals.
Theutility of anoffer is theaverageutility duringthevalidity periodof é:

1

U(w) = 50l (T5)] ; miny (Yu,rer,U)
T 8

where,, -, standsor the CSPwhich correspondso w filteredattime = 7.
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Fig. 5. Optimalselectionwith temporal-avareutility functionsandoffers

For instanceconsiderthe offer w; in the previous example,and anotheroffer ws
defined on the same attributes and domains but with the following condition
{r € [8..20] = 2 < z < 3}. Assumetheseoffers are conformantto a demands
whosevalidity periodis [8..20], so thatthe assessmentriteriais given by the utility
function/ in Figure5. Noteit givesdifferentutility valuesfor intenalsr € [8..14] and
7 € [15..20]. Thesetof optimaloffersis (25 ,, = {ws}, accordingo their utility values:

Uw) = {3 x6+ 5 x1+3x6} =045
Ulws) = 15{2 x 7T+ 3 x 6} =0.52

Theutility of w, is computedn thisway. Notethatthe numberof time pointswhich
belonggo T is 13. If 7 € [8..13] (six time points)thenz = 3 is givenanutility of 3/5,
if 7 = 14 (onetime point) thenz = 1 is givenanutility of 1/5, andif = € [15..20]
(anothersix time points)thenz = 1 is given an utility of 1/3. The utility of w3 is
computedn asimilar way.

3.5 Finding the Optimal Covering

Sinceit is possiblethatnoneof the availableofferswereconformanto a givendemand
becausehey did not cover it, one could think of selectingseveral offers so that all
togetherare conformantto the demandgcoveringall the validity period. The covering
problemis to find sucha setof offers,optimizingaccordingto assessmerfiteriafrom
demandandother (optional)criteria,in orderto adoptdifferentstratgiessuchas,for
example,to minimizethe numberof offers.

Definition 10 (Covering). Let § be a demandand 2 a setof available offers. 12 is
saidto be a covering setof § iff there exists(at least)a conformantoffer in £2 at any
time of thevalidity period of thedemand.

isCoveringSet(£2,6) & V' € Ts,qw € 2 - conformant(wr,sr, 07 s7)

wheew, . andd,_,, standfor theofferw andthedemand attimer = 7/, respec-
tively.

8 An offer is availableiff it providesthe functionality requiredby a demand.



For instance considerthe demandy; whosevalid periodis Ts, = [8..15] andthe
assessmertriteria given by the utility function/, and the offer w; in the previous
example togethemwith thefollowing offersw, y ws which arealsodefinedonthe same
attributesanddomainsasw , but with thefollowing constraints:

C,,={r€8.10]= 1<z2<3,7 € [11..15] = 3<z <4, 1 € [16..20] = 1<z <3}
Cos = {T € [8..10] = 1<z <2, 7 € [11..20] = 4<z <5}
The demandandoffersareshavn in Figure6. None of themis conformantto the
givendemandbput if it werepossibleto join two (or more)of them,thenonewould be
ableto build a conformantoffer, i.e. the so-calledcoveringsetof ademand.

covering set { w,,w;}

8 10 11 13 14 15 2 T 8 o1 13 14 15 16 20 T 8 101 14 15 2 T

[ 5, o, 5, W, [ 5, - o

Fig. 6. Coveringandtemporal-svareness

Figure 6 shavs the covering setof §; which is constitutedby the offers {w;,ws}
(markedwith thearrows). It is a coveringsetbecausat ary time of T, thereexist (at
least)a conformantoffer:

T € [8..10] > wy;T € [11..13] = wy,ws; 7 € [14..15] = ws

Thesetsof offers{w, w4} and{w, w4, ws} alsoconformacoveringsetof thedemand.
However, the setof offers {w4,ws} is not a covering set,becauseattime 7 € [8..10]
thereis no offer conformanto thedemand.

Amongall thecoveringsetswhich canbeconformedrom asetof offers,oneshould
beableto selectthe bestone.Therefore we needto computetheir utility accordingto
assessmenmnfiteriaattachedo ademand.

Let £2 beacoveringsetof thedemand, , andi/ theutility functionof é;, theutility
of a covering setis given by the aggregationof maximumutilities at any time in the
validity periodof é; :

Z/{(.Q |80l Z max {man ('l;[}w T Z/{)}

w e ‘QJ 7!

wheref2s -, is thesubsebf offersin £2 whichareconformanto é attimer = 7':

25757 ={w € 2] conformant(wrsr,0rr)}



For instanceconsiderthe setof offers 2 = {wy, w4, w;} availableto thedemand
41, whoseassessmertriteriais I/, in the previous example,the utility valuesof the
coveringsetsof §, are:

U{wr,wa}) = 3
Z/l({wl,w5}) = %
u({w17w47w5}) -

3+2x3+2x1+2x1}=0.74
3+2x3+45x1+1x1}=0.86
3x3+2x3+24x1+1x1}=0.86

{2 x
{5 x

The utility of thecovering{w:,ws} is computedn this way. Note thatthe number
of time pointswhichbelongsto T is 7. If 7 € [8..10] (threetime points)thenthe offer
wy hasthe conformantvaluez = 3 which is givenan utility of 3/5, if 7 € [11..13]
(threetime points) thenboth offers are conformant,but the bestoneis ws becauset
offers a conformantvaluez = 4 which is given an utility of 4/5 whereass; hasa
conformantvaluez = 3 which is givena worseutility of 3/5, if = = 14 (onetime
point) thenthe offer ws hasthe conformantvaluez = 4 which is givenan utility of
4/5, andif 7 = 15 (anothemnetime point) thenthe offer ws hasthe conformantvalue
z = 4 whichis givenanutility of 1. Theutility of theremainingcoveringsis computed
in asimilarway.

Definition 11 (Setof Optimal Coverings).Leté bea demandi/ an utility functionas
assessmenriteria, and Q;r thesetof all coveringsgivena setof availableoffers. The
setof optimal coverings,denotedas ngu, is constitutedof thosecovering setswhich
maximizethe utility functioni/.

O, = {0 € Of |V € 0 -U) > U2}

Giventhe offersanddemandn the previous example,the setof optimal coverings
is {{wla CU5}, {w17w47 w5}}

Note thatthesecovering setshave the sameutility, althoughthe latter seemdo be
redundantecausevaluesfrom wy overridethosefrom w,. We can establisha pref-
erenceorder by meansof ary secondaryassessmertriteria, for example, by min-
imizing the numberof offers. In this case,the optimal subsetregardingminq| of

{{wl, W5}, {w1,w4, W5}} is {{wl, W5}}.

4 RelatedWork

Figure7 shawvs a brief comparisoramongrelatedproposalsshowving their characteris-
tics on temporalityat a first sight. Becauseof the limited extensionof this paper this
sectionis devotedsolely to temporal-avare proposalsA broaderoutline, which also
includesthe non—temporal-a&areproposalsis availablein [15, 18].

Note thatour point of view is differentfrom the perspectie of serviceworkflows,
which is interestedn the problemof finding an optimal executionplan of servicesn
the context of a workflow [24]. We areinterestedn the procuremenbf web services
whosedemandsand offers aretemporal—avare.Of course the workflow issueis very
relatedto our problem,andthey canbestudiedasawhole.



Non-Periodical VP
Entire Demand/Offer
Periodical VP
Inner Conditions
Non-Periodical VP
Inner Conditions
Multiple Intervals
Covering
Temporal Reasoning /Solving
with Decidable Satisfiability

UDDIle v
WS-QoS v
WSOL
WSLA
WSML v
OWL-TIME | Vv
QRL v

<

<|I<| <<
l

Fig. 7. A comparisoramongtemporal—aareproposals

4.1 Proposalshasedon Ad-hoc Formalisms

Theseproposalsdo not have ary formalism for temporalspecificationssuchasthe
UDDI Extension[20] andthe WS-QoSontology[22]. In general,they only allow to
defineanuniquevalidity periodfor anentiredemandor offer.

Fortunately otherproposalgo allow to assigna validity periodto every condition
of a demandor an offer, suchasthe IBM WSLAWeb Serviced_evel Agreementan-
guag€g6, 11] andthe WSOLWeb ServiceOfferingsLanguaye[23]. TheHP WSMLWeb
Serviced evel AgreementManagementlanguagd19] allows to specify both a single
validity periodfor the entireagreemenaindalsoa periodictemporalinterval to every
condition.BothWSLA andWSML languagesillow validity periodsto becomposeaf
multiple sub-intenalsin distinct, limited waysaswell.

4.2 Proposalshasedon SemanticWeb

Theseproposalsarebasedon formalismsof the semantioveb, having a muchgreater
dealof expressvenessThe OWL+TIME Ontology [9, 10] is avery expressielanguage
which is usedby semantic-web-baseapproachesf WSR suchasthe Web Ontolagy
Languaye - ServiceOWL-S)[2,13,16].

However, having agreatedealof expressvenesdeadsto severalcomputatiorprob-
lemsof the DescriptionLogics(DL) reasonerableto reasoraboutsuchtemporalkspeci-
fications.As amatterof fact,in logicsthereexist atradeof betweerexpressvenessand
the computabilityof reasoningorocedureg12], sothe more expressve temporalDL
languagesireknown to beundecidablethatis to say thereis no algorithmfor comput-
ing the satisfiability of a DL specificationMost of temporalDL reasonergvercome
this problemby makingthe languagdessexpressve, or treatingthetime asa concrete
domainin orderto usehibrid reasonersothattemporalspecificationsreprocessethy
externalsolvers,suchasthe CSPsolvers.In generalpoth (1) thereasoningon lessex-
pressvetemporalDL specificationsor (2) solvingaCSR areknown to beNP-complete

1.



5 Conclusionsand Future Work

In this paper we have presentedan approacho addtemporal-savarenesso WSP by
using CP, which endaws our proposalwith a declaratve way to specifydemandsand
offerssothatthe procurementaskscanbe carriedout by meansof constraintsatisbc-
tion problems We have introducedthe notion of covering of a demand We have also
shown the needto review the semanticof procurementasksif temporalityis taken
into accountandproposed rigorousdefinitionfor them.

Our approachallows to specifya global validity periodfor a demandor an offer,
and other validity periodswhich can be periodical or not, or composedof multiple
intervals. Thesevalidity periodscanbe assignedo differentconditionsof thedemand
or theoffer. Utility functionscanbetemporal-saretoo, sothatdifferentutility values
for aquality attribute canbe definedat distincttime periods.The expressvenesf our
approachs similar to semantioveb—basegroposalsthoughtheir major drawbackis
theundecidablenatureof morecomplex temporalDL languages.

For futurework, we arecurrentlyfinishing the developmentof a proof-of—concept
implementationby adaptingheprototypeintroducedn [18] sothatit becomesempo-
ral-avare.At operationalevel, consisteng, conformanceand optimality have not to
becomputedateverytime pointof validity periods just asthey weredefinedin theory
A pre—processingtepis neededn orderto getthe concretetime intervals of interest,
thensuchtaskscanbe carriedout on suchtime intervals.

Experimentsieedto becarriedoutin orderto characterizéhecompleity of tempo-
ral-avareprocurementasks.As aresult,it is expectedo know whatkind of temporal
expressiongo avoid becausef theirimpacton the exponentialbehaior of CSPsolv-

ing.
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