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Abstract

This paperintroducesa methodfor automaticcomposi-
tion of SemantidAeb servicesusingLinear Logic (LL) the-
oremproving. ThemethodusesSemantidAeb servicelan-
guage (DAML-S)for external presentatiorof Web services,
while, internally, the servicesare presentedby extralogi-
cal axiomsand proofsin LL. \We usea processcalculusto
presentthe compositeserviceformally. The processcalcu-
lusis attachedto the LL inferencerulesin the styleof type
theory Thusthe processmodelfor a compositeservicecan
be generted directly from the proof. The subtypingrules
that are usedfor semantiaceasoningare presentedvith LL
inference gur es.\e proposea systemarchitectue whee
the DAML-Stranslator the LL theoemprover and the se-
manticreasonercanopermatetogetherto ful Il thetask.This
architectuie hasbeenimplementedh Java.

1. Intr oduction

Recentprogressn the eld of Web serviceshasmade
it practically possibleto publish,locate,andinvoke appli-
cationsacrossthe Weh This is a reasonwhy more and
more companiesand organizationsnow implementtheir
corebusinessandoutsourcentherapplicationservicesover
Internet. The ability for ef cient selectionand integration
of inter-organizationaland heterogeneouserviceson the
Web at runtime becomesan importantrequiremento the
Web serviceprovision. In particular if no single Web ser
vice can satisfy the functionality requiredby a user there
shouldbeapossibilityto combineexisting servicedogether
in orderto ful Il therequestThistrendhastriggeredacon-
siderablenumberof researctefforts on Web servicescom-
positionbothin academiandin industry
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SeveralWebservicesnitiativeshave providedplatforms
andlanguageshat shouldallow easyuseof Web services.
In particular Universal Description,Discovery, and Inte-
gration (UDDI) [3], Web ServicesDescriptionLanguage
(WSDL) [6], Simple Object AccessProtocol (SQAP) [4]
andpartsof DAML-S [14] ontology(including ServicePro-
le and ServiceGroundingjle ne standardways for ser
vice discovery, descriptionand invocation(messageass-
ing). SomeotherinitiativesincludingBusinessProcesEx-
ecution Languagefor Web Service (BPEL4WS) [2] and
DAML-S ServiceModelare focusedon representingser
vice compositionswherea processo w and bindingsbe-
tweenservicesareknown a priori.

The problem of Web service compositionis a highly
comple task. Here we underlineonly the following two
sourcesof its compleity. First, Web servicescanbe cre-
atedandupdatedon the y, andit is a problemto analyze
a hugeamountof dynamicservicesandto composehem.
Secondthe Web servicesare usually developedby differ-
entorganizationghatusedifferentsemantionodelfor pre-
sentingservices'characteristicandthis requiresutilization
of relevantsemantidnformationfor matchingandcompo-
sition of Webservice.

In this paper we proposea solution that allows de-
creasingthe compleity of Web servicescompositiontask
emeging from theabove-mentionedources.

First, we presenta methodfor automatedi\eb service
compositionwhich is basedon the proof searchin a frag-
ment of propositionalLinear Logic (LL) [8]. The main
idea of the methodis as follows. Given a set of existing
Webservicesthemethod nds acompositiorof atomicser
vicesthat satis esthe userrequirementsThe reasonwhy
we use propositionalLL hereis that it provides the ex-
pressve power that allows us to describeboth functional-
ities andnon-functionahttributesof WebservicesBecause
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Figure 1. The architecture of the service com-
position system.

of soundnessf the logic fragmentusedthe correctnessf
compositeservicess guaranteeavith respecto theinitial
speci cation. Completenessf the logic fragmentensures
thatif acomposableolutionexiststhenit will befound.

Second,the compositionapproachwe presentallows
reasoningvith typesfrom a servicespeci cationusingSe-
manticWeblanguageWe introducea setof subtypingrules
thatde ne avalid data ow for compositeservicesThesub-
typingrelationshipbetweertheclasse®r propertiesarede-

ned in thedomainontology Becausave de ne thesubtyp-
ing rulesaslogical implications,the interoperabilityis en-
suredbetweertheLL theorenmproverandthesemantiaea-
soner

Webservicecompositionusingtheoremproving is arel-
atively new topic, andit hasbeenmostlymentionedn quite
recentpublicationsHowever, theideaof softwareconstruc-
tion from proofsis notnew. In particular deductve program
synthesiss basednanobsenationthatconstructve proofs
areequivalentto programsvhereeachstepof aproofcanbe
interpretedasa stepof a computationThe key ideasof the
softwarecompositionapproachaswell ascorrespondence
betweertheoremsandspeci cationsandbetweerconstruc-
tive proofsandprogramsarepresentedn [13].

Therestof this paperis organizedasfollows: Section2
describes systemarchitecturdor compositionof Seman-
tic Web services Section3 presentsa methodfor transfor
mation of DAML-S ServicePro leto extralogical axioms
in LL. Section4 discusse$iow to extracta procesfrom a
proof. Section5 introducegheprototypeandits implemen-
tation.Finally, relatedwork andconclusionarepresented.

2. The sewice compositionarchitecture

A generahbrchitectureof theproposedVebservicecom-
positionsystemis depictedon Figure 1. The basiccompo-
nentsof the systemareasfollows:

Translator performsa transformatiorbetweenan exter-
nal presentatiorof Web servicesand extralogical ax-
iomsin LL. In our systemDAML-S ServicePro leis
usedexternallyfor presentatiorof SemantidVeb ser
vice speci cation,while LL axiomsareusedinternally
for planningandcompositionTheprocessnodelisin-
ternally presentedy a proces<alculus.The calculus
canbetranslatednto eitherDAML-S or BPEL4AWS.

GUI visualizesservicegdbothcomposeandatomic).The
graphicalpresentatiorincludesvisualizationof func-

tionalitiesandnon-functionahttributes.

LL theoremprover proveswhethertheusersrequesfor
servicecanbeachiezedby a compositionof the avail-
ableatomicserviceslf theansweiis positive, the pro-
cessmodelfor the compositeserviceis automatically
extractedfrom the proof.

Semanticreasoner detectghe subtypingand someother
relationshipsbetween conceptsin service descrip-
tion. The formal logics usedin semanticreasoner
could be logics developed for expressing knowl-
edgeandreasoningaboutconceptsand concepthier-
archies for example,DescriptionLogic [9]. A trans-
formationbetweenDescriptionLogic andLL is done
by theadapter

Adapter performstranslatiorbetweerL andtheinternal
presentatiomsedby thesemantiaeasoner

A compositionprocessn our caseis asfollows. First, a
semantiadescriptionof existing Web serviceg(in the form
of DAML-S ServicePro le)is translatednto extralogical
axiomsof LL andthe users requestfor a compositeser
vice is speci edin the form of aLL sequento be proven.
Secondthe adapterasksthe semanticreasoneto analyse
the subtyperelationsof theclasseandpropertiesn thedo-
mainontologyandsendsgherelationsasLL axiomsto the
LL theoremprover. Third, the LL theoremprover checks
whetherthe requesttanbe satis ed by compositionof ex-
isting atomic services(this is done by performing theo-
remproving in LL). If the sequentorrespondingo there-
guestedcompositeservicehasbeenprovenandthe proofis
generatedhena processcalculuspresentations extracted
from theproofdirectly. Thelaststepis constructiorof ow
models- the proces<alculusis translatedo eitherDAML-
S ServiceModebr BPEL4WSupontherequestDuringthe
compositionand execution processesthe useris able to
monitorthe systemvia GUI.



3. Transforming from DAML-S Prole to
Linear Logic Axioms

3.1. Linear Logic

LL is a re nement of classicallogic introducedby J.-
Y. Girard [8] to provide a meansfor keepingtrack of
“resources”—inLL two assumptionsof a propositional
constantA aredistinguishedrom a single assumptiorof
A. AlthoughLL is notthe rst attemptto developresource-
orientedlogics (well-known examplesare relevancelogic
[7] and Lambek calculus [11]), it is by now one of the
most investigatedone. Therefore,becauseof its maturity
andwell-developedsemanticLL is usefulasa declaratve
languageandaninferencesystem.

The resource-orienteéeatureof LL providesmore ex-
pressive powerfor Webservicespeci cation.First,because
theconjunctionof two propositionatonstant is notequal
to asingleoccurrencef A in LL, this allows speci cation
of both countedresourcesaand multiple serviceparameters
having the sametype. For example,two serviceparameters
of theintegertypecanbespeci edasl nt | nt.Onthecon-
trary, in classicallogic, this speci cationis equalto a sin-
glel nt andwe losethecomputationaimeaningof thespec-
i cation. Second,by using“of course”modality, we can
distinguishthe consumabléype (e.g.time andmonegy) and
non-consumablgype (e.g.information)in the descriptions
of Webservices.

The syntaxof the LL fragmentthatwe usein this paper
is presentedby the following grammar:

A= PJA( AJA AJA AjAjL:

The logic fragmentA consistsof propositionP, multi-
plicative conjunction , additive disjunction , linearim-
plication( and“of course”(!) modality. In termsof re-
sourceacquisitionthelogicalexpressiolP B ( C D
meansthatresourceC andD areobtainableonly if both
A andB are availableto be consumedThusthe connec-
tive de nesdeterministicrelationsbetweernresourcesin
that way we can encodedifferentbehaiors of computa-
tions. ThedisjunctionA B de nesthateitherA or B is
consumedar generatedTheformula!A meanghatwe can
useor generataliteral A asmuchaswe want—theamount
of theresourcas unboundedWhile in classicalogic liter-
alsmaybecopiedby default,in LL this hasto be statedex-
plicitly.

After the available servicesare speci ed in the form of
LL extralogicalaxiomsandarequestederviceis speci ed
asatheorento beproven,weuselLL theorenprovingto de-
terminewhetherthe requestedervicecanbe composedif
aproofof thetheoremexiststhena composederviceis ex-
tractedfrom the proof. A structureof thecomposedervice

Figure 2. The upper ontology for Web ser-
vices.

re ects the structureof the proof. Sincethe composedser
vice is guaranteedo meetthe speci cation,no furtherver-
i cation is needed.

3.2. The upper model of Web servicesand LL

Figure2 is the upperontologyof Web servicesA Web
serviceis either an atomic service or a compositeser
vice. The compositeservicecontainsa collectionof atomic
servicesin addition to the processmodel describingthe
control- and data- ow amongthe atomic services.Both
atomic servicesand compositeservicesare speci ed by
functionalitiesand non-functionalattributes.The function-
alities arerepresenteds a transformatiorfrom the inputs
requiredby the serviceto the outputproducedby the ser
vice. They includeinputs,outputsandexceptions Thenon-
functionalattributesareotherpropertiegshanfunctionalities
thatcanbeusedto describeaservice(for example price,lo-
cation,quality of the service).They areclassi edinto four
catgyories:consumablguantitatve,non-consumablgquan-
titative, qualitative constraintsandqualitative results.

Generally a requiremento compositeWeb service(in-
cludingfunctionalitiesandnon-functionahttributes)canbe
expressedy thefollowing LL formula:

v ¢ (1C (O E) r

where is a set of extralogical axioms representing
available atomic Web services. . is a conjunction of
non-functional constraints. ; is a conjunction of non-
functionalresults.l ( (O E) is afunctionalitydescrip-
tion of the requiredcompositeservice.Both | andO are
conjunctionof literals,| represents setof input parame-
tersof theserviceandO representsutputparameterpro-



ducedby the service.E is a presentatiorof an exception.
Intuitively, the formula canbe explainedasfollows: given

a set of available atomic servicesand non-functionalat-

tributes,try to nd acombinationof serviceghatcomputes
O from | . If the computatiorfails, anexceptionis thrown.

Everyelemenin isinform .~ (I ( (O E)) r

wheremeaningof ., ,l, O andE arethesameasde-

scribedabove.

In the following we will discussthe detail of transfor
mationfrom the Web servicedocumentdo the LL axioms.
This paperfocuseson the transformatiorof the functional-
ities. The non-functionalparthasbeendiscussedn a sepa-
ratepublication[18].

3.3. Transformation of functionalities

In our systema Web serviceis presentecdby DAML-S
ServicePro le. The functionality attributes of the "Servi-
cePro le” specifythe computationahspecif the service,
denotinginputs, outputsand exceptionof the service.The
functionalityattributesareusedin compositiorfor connect-
ing atomic servicesby meansof inputs and outputs.The
compositionis possibleonly if outputof oneservicecanbe
transferredo anotherserviceasaninput.

Thefollowing DAML-S examplepresentsa servicethat
recommendghe ski model accordingto the users skill
level:

<profileHierarchy:InformationService rdf:ID="SelectModel">

<profile:serviceName>SelectModel</profile:serviceNam e>
<profile:textDescription>
The service outputs ski model given user's skill level

</profile:textDescription>
<profile:input>
<profile:ParameterDescription
<profile:parameterName>

rdf:ID="sms">
Ski_Skill_Level
</profile:parameterName>
<profile:restrictedTo rdf:resource="&onto;#Skill"/>
<profile:refersTo rdf:resource="&model;#sms"/>
</profile:ParameterDescription>
</profile:input>
<profile:output>
<profile:ParameterDescription
<profile:parameterName>

rdf:ID="smm">
Ski_Model
</profile:parameterName>
<profile:restrictedTo rdf:resource="&onto;#Model"/>
<profile:refersTo rdf:resource="&model;#smm"/>
</profile:ParameterDescription>
</profile:output>
</profileHierarchy:InformationService>
From the computationpoint of view, this servicere-
quiresaninputthathastype* &onto;#Skill "(the value
of users ski skill level) and producesan output that has
type “&onto;#Model "(the recommendedski model).
Here,we useentity typesasa shorthandor URIs. For ex-
ample,“ &onto;#Skill " refersto the URI of the de -
nitions for the DAML classto measurehe ski Skill level:
http://bromstad.idi.ntnu.no/Ontol ogy/
ski.daml#Skill . When translating the ServiePro-
le to aLL formula, we translatethe eld “restricted©”

(variabletype) insteadof the parametename,becauseave

regardthe parameterstypesastheir speci cation. An ex-
ample of LL formula that describesthe above presented
DAML-S documents asfollows:

* &onto#Skill - (&profile#sms ) (- gprofile;#SelectModel

&onto;#Model  (&profile;#smm )

The aboveformulais differentfrom theregularproposi-
tional LL formulaandprovidessomesupplementarjnfor-
mationfor generatiorof a processFirst, the valueof “pa-
rameterID” eld is presenteéh parentheseaftertheparam-
eter'stype.SecondtheservicelD is attachedo theimpli-
cationsymbol.We would lik e to underlinethatthis supple-
mentaryinformationis not usedby the LL theoremprover
andit is utilized only for extractionof procesanodelfrom
theproof.

3.4. Presentationof the domain ontology

For Web service composition,the subtyperelation is
the mostimportantsemantiaelation.In general,jf anout-
put of one serviceis subtypeof an input of anotherser
vice, it shouldbe safeto transferdatafrom the outputto
the input. For the ontology languagedasedon RDFS[5]
(for example,DAML and OWL) the subtyperelationships
arespeci ed by the transitive and symmetricpropertiesof
rdfs:subPopertyOfandrdfs:subClassOfWe expressthese
propertiesassubtypingrules.In orderto emphasiz¢hatour
new inferencerulesareusedfor subtypingourposegbut not
for sequencingomponentsyve furtherwrite ( < to denote
the subtyperelations.It shouldbe alsomentionedthat the
subtypingrules are not an extensionto LL. Indeed,these
rulesarede ned ascertaininferencegures in LL.

Someusefulsubtyperulesareasfollows. The smalllet-
tersinside the parentheseare the variablesthat have the
typeindicatedby the capitallettersin front.

TT(<S TS( < U

Subtyping tr ansitivit
“T(-U yping y

ST ST <
T S(Y)

S
Goal subtyping

;S(s) G TT( < S

Resour ce subtypin
; T(s) ™ G yping

In our systemsubtyperelationsbetweenpropositional
variablesare discoveredby the semanticreasonerSeveral
available semanticreasonerqfor example, FaCT [10] or
Jend1]) canbeutilized here.

We alsoassumehatthe ontologyusedby the servicere-
guesteraindby theserviceprovidersareinteroperableOth-
erwise,the ontologyintegrationshouldbe doneandthis is
beyondthescopeof this paper



4. Extract ProcesdModel from the Proof
4.1. Proving in Linear Logic

After servicespeci cationsin DAML-S are translated
into LL extralogicalaxiomsanda servicerequestfrom the
customeis translatednto theform of theoremnto beproven,
theLL proveris invoked.It triesto provethe speci edthe-
oremusingLL inferencerules.In this paperwe aremostly
focusedon extractionof processmodelfrom the LL proof
ratherthan on the proving process.However, somehints
aboutLL theoremproving canbe obtainedfrom the exam-
ple descriptionin the Section4.3.

A compositeservicethat satis es the customerequest
will befoundonly if the theoremspecifyingthe customer
servicerequestanbeproven.Otherwisetherequesshould
bere-formulatedr existentservicespeci cationshouldbe
modi ed.

Finally, a processnodelof the compositeserviceis ex-
tractedfrom the completedbroof generatedy the LL the-
oremprover. The processamodelis presentedormally by a
proces<alculusin thenext sectionwe link theproofto the
proces<alculusby attachingprooftermsdirectly to thede-
ductionrulesin thestyle of typetheory

4.2. The procesgnodel

We use a processcalculusfor presentatiorof process

model. The processcalculusis built basedon the idea of

-calculus[16] — a powerful modelof concurreng, which

canbe usedto designcommunication-basegrogramming
languages.The -calculusis widely usedfor modeling
the compositeWeb services.One recentexampleis the
XLANG Languageproposedoy Microsoft [20]. This lan-
guageis explicitly build on a modelfrom the -calculus.
The most popular processlanguagessuchas BPELAWS
and DAML-S ServiceModel,can be also adaptedto -

calculus althoughthey do notannounce -calculusastheir
formality foundation.

The proces<alculusis built from the operatorsof inac-
tion,inputpre x, outputpre x, parallelcompositionglobal
choiceandrestriction.The processalculusgrammaris as
follows (wherethe namesstartingwith small lettersrange
from messageso variables,and the namesstarting with
capitallettersreferto processes):

P = 0 a(x):P ahxi:P PjP P + P ( a)P

The meaningof the operatorscanbe explainedin terms
of BPEL4AWS.0 is the inactive processwhich is “empty”
activity in BPELAWS An inputpre x edprocessa(x):P re-
ceivesavariableor message throughchanneh thenexe-
cutesprocess . This operationequalsto the “receive” ac-
tion in BPELAWS.An outputahxi:P emitsmessage at

Figure 3. The upper ontology for the ow
model.

channeh. Thisis the“reply” actionin BPEL4AWS.There-
striction ( a)P de nes a namea local to P. The namea
is similar to the local variableinside the BPEL4WS pro-
cessFor therestof operations; is asequencg,isa“ o w”
and+ is a“switch”.

At conceptualevel the processcalculusis speci ed by
the upperontology shovn in Figure 3. The multiple pro-
cessesare collectedby programmingconstructssuchas,
“sequence”;‘choice”, “split” and“loop”. Eachprocessas
a setof actiities. Someactiities, for instance“Assign”,
“Reply” and “Receve” can copy the dataamonginputs,
outputsand internal variables.The “Invoke” actvity in-
vokesaprocess.

The datatransferringactvities for the servicecomposi-
tion problemin the context of processalculusis presented
by threepartsincluding outputchannelinput channeland
local variables For example,if a serviceP outputsthe re-
sultthroughchanneh, andthentheresultis passedo chan-
nel b thatis aninput channelof serviceQ thenthe process
is presenteasfollows:

( x)(P:ahxi:b(x):Q)

Herex is alocal variablethatindicatesthe datatransfer
ring betweerthe outputchannel andinputchanneb, both
of which areglobalaccessiblewhenthinking abouttheab-
stractprocessnodel,the local variablescanbe assignedo
arbitrarynameandthe above processanbesimpli ed to:

P:ab:Q

Such presentatioris closeto a BusinessProcessCon-
tractin XLANG, or a “process:samedMues”in DAML-S
data o w. Both of themusea setto shav the connectiorof



Logical axiom and Cut rule:

N . 0. ~ .
P -ﬁ(al) ;A(az) " Q:C (cut)
A 0:A (Id) ;o (PifatazgiQ) : C
Rulesfor propositional constants:
A
1 ;10 A
AB P:C “PiA@) CCQ:B(D R )
A B pP.c ) - % (PjQ):A B(ab)
"A(pB ) iA(a) " P :B(b)
—aps G ————g (R()
P IAC ;Q:B
; ; < (L)
(P+Q): (A B)
“P:A ~Q:B
- a— (R )a) —~Q:A B (R )(b)
Rulesfor exponential!:

N A 1A IA T
T(W!) A (LY A (Ch
Structural congruencefor a processcalculus:

PjQ QjpP P+Q Q+P (PiQ)JR  Pj(QjR)
(P+Q)+R P+ (Q+R)
P PjO P+0 PO OP A(a) B(b) A B(ah
(ar;az;iizan)(byybosiizsby)  (Anby;@zhe;iii;anbn)

Table 1. Inference rules.

oneoutputparamete(a) of aservice(P) with oneinputpa-
rameter(b) of anotherservice(Q).

In orderto make the relationshipbetweerthe proof and
the processmodelmore concretewe attachprocesscalcu-
lus descriptiondirectly to the inferencerulesin the style of
typetheory In this way the processalculusdescriptionfor
the compositeserviceis formedassoonasthe proofis n-
ished.Theextended_L inferencerulesthatreferto thepro-
cesscalculusdescriptionarepresentedh Tablel.

4.3. Example

In orderto illustrateour compositionrmethodlet us con-
sider a simpli ed servicefor recommendingskiesto the
customeraccordingto his/her size and skiing skill level.
We consideronly thefunctionalitiesin the example,but the
proving processs sameafterintroducingthenon-functional
attributes.

Availableatomicservicesarespeci edin DAML-S in a
way describedn the Section3.3. Theseservicesspeci ca-
tions are automaticallytranslatedo the following axioms
(for the sale of readability we omit the namespacef the

parameters):
Axioms:
© Skill (sms ) ( selectM odel M odel (smm )
° M odel (ssm ) Leng th (ssl ) ( gelects ki P roductN r(ssp) Spor tS hop (sss )
* Heig ht (shh ) W eig ht (slw ) ( S electLeng th Leng th (sl )

" ProductN r(gpn) Shop (gps) ( Getp rice Price (gpp)
" Spor tShop ( > Shop

Theaxiomscambeexplainedasfollows:
SelectModel— givenaskill level, providesabrand;

SelectLength— given body heightand body weight,
providestherecommendedki length;

SelectSki— givenamodelandaskilength,providesa
sportshopnameandthe productnumber(ProductNr)
of thespeci c skis;

GetPrice— given the productnumberand the shop
nameprovidesprice. Herethe shopis a generalshop
thatsubsumesghesportshop;

> — speci ed by the domainontologythat the sport
shopis a subtypeof shop;

The customerrequestfor price of skis accordingto
her/hisskill level andbody heightandweightis translated
into thefollowing theorem:

Goal/Theorem

© Skill Height Weight ( Price

Usingtheinferencerulesfrom the Table1 the LL theo-
rem prover generates proof of the theorem(this proof is
shavnin Figure4).

And the following processcalculiis extractedfrom the
proof:

(sms; slh; slw):(SelectM odeljSelectLeng th):(Smm ssm; sml ssl)
:SelectS ki: (5spgpn; S55gps):GetP rice: gpp

This procesamodel can be illustrated by the following
scriptthatis similar to the presentatiorof BPEL4AWS.The
processnodelis ableto be translatednto other compos-
ite Webservicemodels suchasDAML-S ServiceModel.

<sequence>
<receive  input="sms"/>
<receive input="slh"/>
<receive  input="slw"/>
<split>
<invoke process="SelectModel"/>
<invoke process="SelectLength"/>
</split>
<copy from="smm" to="ssm"/>
<copy from="sml" to="ssl'/>
<invoke process="SelectSki"/>
<copy from="ssp" to="gpn"/>
<copy from="sss" to="gps'/>

<invoke process="GetPrice"/>
<reply output="gpp"/>
</sequence>

5. Prototype

A prototypeof thesystenpresentedh Figurel hasbeen
implementedn Java. In the prototype Jena(a Java frame-
work for building SemanticWeb applications) [1] is used
to facilitate both the translatorand semanticreasonerin



© o SKkill (sms ) ( selectM odel M odel (smm )

Shif t

* Heig ht (slh )

W eig ht (sw ) ( selectleng th Leng ht (sl )

Shif t

Skill (sms ) ° SelectM odel : M odel (smm ) H eig ht

W eig ht (slh; slw ) ° SelectLeng th : Leng ht (sll )

Skill H eig ht W eig ht (sms; slh; slw ) ° (SelectM odel jS electLeng th ) : M odel Leng th (smm; sl )
Y ProductN r(gpn) Shop (gps) ( Getp rice P Tice (gpp) shi subtyping
i
ProductN r(gpn) Shop (gps) ° GetP rice : Price (gpp) * Spor tS hop ( > Shop
- - Resour ce subty ping
P ruductN r(gpn) Spor tS hop (gps) ~ GetP rice : Price (gpp)
- - Str uctual  Cong ruence
P roductN r Spor tS hop (gpn; gps) = GetP rice : Price (gpp)

© M odel (ssm )

Leng th (ssl ) ( gelects ki P roductN

r(ssp) Spor tS hop (sss)

M odel (ssm )

Leng th (ssl ) ° SelectS ki : (P roductN

Shif t
r(ssp) Spor tS hop (sss))
Str uctual

M odel Leng th (ssm;

ssl ) ° SelectS ki : (ProductN r

Cong r uence
Spor tS hop (ssp; sss ))

M odel Leng th (ssm;

ssl ) ° (SelectS ki: (53p; 555)(gpn; gps):GetP rice ) : Price (gpp))

Skill H eig ht W eig ht (sms; slh; slw ) ° ((SelectM odel jS electLeng

th ): (Smm—; sl )( ssm;

cut
ssl ):S electS ki: (55p7 555 )(gpn; gps):GetP rice ) : Price (gpp)

Skill H eig ht W eig ht (sms; slh; slw ) ° (( SelectM odel jS electLeng

th ):(Smm ssm;

slissl ):S electS ki: (535pg pn; SS5gps):GetP rice ) : Price (gpp)

Skil H eig ht W eig ht ( (sms;slh;slw ):(SelectM odel jS electLeng

th ):(Smm —ssm; sml ssl ):S electS ki: (35pg pn; 535§ ps ):GetP rice: gpp_

R (

P rice

Figure 4. The example proof

particular the “TransitveReasonerin Jenaprovidessup-
portfor storingandtraversingclassandpropertylatticesas
graphstructures.

Our earlier developed LL theorem prover
that we use in the prototype supports reasoning
both with propositional and rst-order LL spec-
ication. The prover can be downloaded from
http://www.idi.ntnu.no/"peep/RAPS .

BasicGUI featuresof the prototypearedepictedn Fig-
ure5 thatillustratestheresultof the examplefrom the Sec-
tion 4.3. The interfaceof the requiredserviceis presented
in the SewicePro le panel(upperright) andthe data ow
of the componentatomic servicesis presentedn the Ser
viceModel panel(lower right). This screenshoshaws the
data ow amongthethreeatomicservicedo ful Il thefunc-
tionality of therequiredservice.For eachWeb service the
detailedinformation of functionalitiesand non-functional
attributesis displayedin the left handside panel.The bot-
tom paneldemonstratethe semanticrelationshipbetween
theparameters.

6. Relatedwork

Al planning has beenapplied for compositionof Se-
manticWeb servicesIn [15], the authorsadaptandextend
the Gologlanguagéor automaticconstructiorof Web ser
vices. Golog is a high-level logic programminglanguage
built ontop of situationcalculus Theauthorsaddressethe
Web servicecompositionproblemthroughthe provision of
high-level genericproceduresand customizingconstraints.
Gologis usedasa naturalformalismfor this problem.

SWORDI[17] is a developertoolkit for building com-
posite Web services.SWORD doesnt deploy emeging
service-descriptiostandardsuchas WSDL and DAML-
S, instead,it usesER modelto specifytheinputsandout-

Figure 5. A screen shot.

putsof Web servicesAs aresult,thereasonings basedn
the entity andattributeinformationprovidedby ER model.

[19] presentsa semi-automatienethodfor Web service
composition.Wheneer a userselectsa web services all
serviceghatare possibleto connectto the selectedservice
are presentedo the user The choice of the possibleser
vicesis basedn bothfunctionalitiesandnon-functionakt-
tributes. The functionalities(parametersare presentedy
anOWL classandan OWL reasoneareusedto matchthe
services Afterward,the systemlter the servicesbasedon
the non-functionalattributesthat are speci ed by the user
asconstraints.

Str u: Cong :



7. Conclusionand futur e work

In this paperwe describean approachto automaticSe-
manticWebservicecompositionOurapproachasbheendi-
rectedto meetthetwo mainchallengesn servicecomposi-
tion, namely automateccompositionand semantiaeason-
ing. First, DAML-S servicedescriptionsare automatically
translatedinto LL axioms. Thenthe LL theoremprover
provesthe possibilityto composeherequiredservicefrom
availableatomicservicesA processnodelof thecomposed
serviceis constructedautomaticallyfrom a proof (if the
proofexists). Thesemantiadeasoneis exploitedasanauxil-
iary componento relaxthe servicematchingprocesswhile
selectingandconnectingatomicservicesFinally, theresult
is presentedo the userthrougha graphicaluserinterface.

We amguethat LL theoremproving, combinedwith se-
manticreasoningffersa e xible approacho thesuccessful
compositionof Web servicesautomatically Comparingto
therelatedwork, aninterestingfeatureof our methodis that
the serviceis composedy theoremproving. We alsopro-
poseanarchitecturdo supportthe whole compositionpro-
cessA prototypeof theapproacthasbeenimplemented.

Ourfuturework is directedtowardsimproving ef ciency
of boththe LL theoremprover andthe semanticreasoner
Since the amountof the available servicesand the size
of ontology modelsare hugeit is necessaryo reducethe
searctspaceduring problemsolving.

Therearealsosomeotherextensionf thecurrentcom-
positionmethodthatareunderour considerationFirst, our
experiencewith the Web servicecompositionshows that
usersarenot alwaysableto completelyspecifythe goal of
requiredservice We considerto applythe principle of par
tial deduction[12] to provide more e xibility to the user
Secondthe compositionof servicesusuallyneedshusiness
modelto specifytherelationshiphbetweermultiple services.
Themethodpresentedh the paperis to beextendedor ser
vice compositionif the businessnodelis given.
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