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1. Introduction

Web services are software-powered resources or selfinedtéunctional components whose capabili-
ties can be accessed over the Internet. Web services pragi@mdard means of interoperating between
different software applications, running on a variety adtfdrms and/or frameworks. How services
should be modeled, which facilitates finding services, éskby issues.

The semantics of a Web service is the contract between thieseequester and the provider regard-
ing the purpose and consequences of the interaction. Whgledrvice description represents a contract
governing the mechanics of interacting with a particulavise, the semantics represents a contract
governing the meaning and purpose of that interaction.

Discovery is the act of locating a machine-processablerifitien of a Web service that may have
been previously unknown and that meets certain functiontdri@. The goal is to find an appropriate
Web service [1].

The keyword-based methods, like UDDI, are simple but edeélg to low precision because of lack-
ing semantic. Semantic web services are the combinationetf services and semantic web, which
makes the service description machine-understandablepaodessable. The main semantic services
models are OWL-S [2] (formerly DAML-S) and WSMO [3]. Sycaraplemented the DAML-S/UDDI
matchmaker that expands on UDDI by providing semantic défyaimatching [4]. The methods men-
tioned in [5, 6, 7] are based on OWL-S, while the method in $&ased on WSMO.

Meanwhile, the current semantic service discovery metped®rm service I/O based profile match-
ing, there exists no matchmaker that performs an integssadce matching by additional reasoning on
logically defined preconditions, effects, Qos, basic infation and so on [7].

Description logics (DL), which are decidable fragments oftforder logic (FOL), form a family
of languages for modeling an application domain in termshjécts, classes and relationships between
classes, and for reasoning about them. DL offer considemkpressive power, while reasoning is still
decidable [9].

We propose a semantic service description model, whichsvauk all aspects of service capabilities
(IOPEs, Qos and so on) at an abstract level, based on the dssafption logics. The strength of our
work is that it provides rigorous way to model services, dredDL reasoner can be used to reason about
service matching. We describe the semantic of web servic#seaseveral aspects, which are expressed
as DL concepts in TBox. The services matching can be madermepb subsumption reasoning.

The paper is organized as follows: in next section, desoridbgics and DL based semantic web
services model are represented. In section 3 a service makihg approach and its algorithm based on
DL reasoning are proposed. A case study, which selects Raras a DL reasoner, is demonstrated in
section 4. The related work and conclusion follow in Secband 6.

2. Description logics and semantic web service models

DL play an important role in the Semantic Web since they agebésis of the OWL, which is recom-
mended by W3C. A knowledge bage of DL is constituted by the TBod" and the ABoxA, denoted
asK = (T, A), where the TBox introduces thierminology i.e., the vocabulary of an application do-
main, while the ABox containassertionsabout named individuals in terms of this vocabulary. Thédas
elements of Description Logics are concepts and roles. traryi concepts’ is built according to the
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following syntax rules [9]:
C:=A|L|T|-A|Cy N C|Cy U CyVR.C|FR.ClOnR.C{ay,...an}

Where L is bottom concept;T is top conceptf={<, >, =}, and{ay,...a,} is a set (or one-of)
constructor. In addition, DL provide the description ands@ning of concrete domain, such as integer,
real and string etc. A concrete domaihconsists of a seA”, the domain ofD, and a set predy),
the predicate names @. D is called admissible iff (1) the set of its predicate namedadsed under
negation and contains a nameg, for AP, and (2) the satisfiability problem f@p is decidable.

The reasoning in DL consists of TBox reasoning and ABox neiagp The reasoning tasks for
concepts consist of satisfiability, subsumption, equivede disjointness and so on [9].

2.1. Semantic web service model

Following OWL-S model and WSMO, the semantic model of welviserfor matchmaking is defined
as follows. The model is highly abstract and ignores somaildesuch as binding, invoke, transaction
and exception handling.

Definition 2.1. (semantic web service meta-model)
The semantic web service meta-model is a 3-tugMSDescriptiorr (Ontology, Profile, Capability
where Ontologydescribes the set of basic terms for service semaRtimfjle presents the general in-
formation of the service, an@apability depicts what the service can do. The service model can be
expressed in DL as follows:

SWSDescriptiort= ( dhasProfileProfile)1(dhasCapabilityCapability)

Both Profile andCapability are described as concepts in DL, and see definition 2.2 arfdr2tiBeir
details.

Definition 2.2. (service profile)
The service profile is a 2-tupl®rofile = (Basig Qo9, whereBasicexpresses the basic information like
service name, category, creator, version etc, @oddescribes the non-functional properties like cost,
response time.

The service profile can be expressed in DL as follows:

Profile ::= ( 3hasBasidBasigr (3hasQoxQo09

Basic::= (IserviceNamé p ) (IserviceCategorfLategoryri(Jauthor.Persor) r(3versionT p)

Qos::= (3cost Tp) M (3 responseTimeT p)

WhereD is a concrete domain antdp is a name for the domain @. For example, The concrete
domainA has the seN of all nonnegative integers as its domain, and pkéd¢onsists of the binary
predicate names, > as well as the unary predicate namgs >,, for neN.

Definition 2.3. (service capability)
The service capability is a 4-tupl€&apability = (Input, Output Precondition Effec), whereInput,
Output, Precondition, Effedf the service (called IOPES) describe the inputs requiyetthé service, the
outputs generated, external conditions require to befigatjsand the effect of changing such conditions
respectively.
The service capability can be expressed in DL as follows:
Capability::=(3hasPreconditiorPreconditionr(3 hasIinputinput)(3hasOutpuOutpu
(IhaskEffect Effec)
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Figure 1. Semantic web services description model.

The semantic meta-model of web services is shown in Figukehgre Basic, Qos, Precondition,
Input, Output, Effecare modeled as concepts, which corresponds to the aspewdiefiDefinition 2.2
and 2.3. And all these are the sub-conceptM8Aspectwhich are expressed in DL as follows:

Basic—WSAspectQos—WSAspect

INnpUtCEWSAspectOutpuCEWSAspectEffecEWSAspectPreconditioi-WSAspect

The roleshasBasi¢chasQoshasPreconditonhasinput hasOutputandhasEffectare the sub-role of
hasWSAspecexpressed as :

hasBasiChasWSAspechasQos hasWSAspect

haslinpuEhasWSAspechasOutput_hasWSAspechasPreconditonhasWSAspect

Example 2.1. (EuroTravel)
A EuroTravel(ET for short) Service requires as a precondition a valid visd aad origin and destination
in austriaanditaly, and as input the visa card and price. As output it generatemfirmation, and as
effect the card is charged.

Based on the semantic service meta-model, the aspects sp¢lodic service can be expressed by
inheritance. And these generate the model of the servicea({lmd service class), which is shown in the
bottom of Figure 1. For example, the serviEE (see example 2.1) requires input as the price, visa card,
origin and destination. So its input can be derived from ephlnput
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Inputg::=Input1(3 origin.EuroCountryri(3 destinationEuroCountryr(3 price. T p) M (3hasCard
VisaCarg

The Output, Preconditions, Effecttc. of the servic&T can be described in the same way.

The capabilities of specific service depend on the domaimvladge, which is expressed in knowl-
edge base using ontologies and axioms. For example, thiees&W is described in terms of the knowl-
edge like:EuroCountryis a sub-concept of th€ountry, andaustriaanditaly are instances of theuro-
Country, and expressed in DL as follows:

EuroCountryC Country

EuroCountry(austria), EuroCountry(italy)

We distinguish between a concrete service instance andsaraebservice class. A service instance
defines all details of a business interaction, and is indafidf the service class. An service class acts
as a template for service instances. Our approach is foauséide meta-model and model of the web
service instead of the instance, and the meta-model andlmcel@xpressed mainly in TBox of the
knowledge base.

The intuitive semantic of the web serviSecapabilities is that: given the inptitunder the precondi-
tion P, the outpuO will be generated and with the effedts LetI(x1,...,zy,), O(z1,...2t0), P(x1,....20),
E(x1,...x,,) be the IOPEs formulas in service capabilities, with freeakdes in{x,....z,, }. We could
write down the relation between these formulas as follojvs[3

Vai,..n P(x1,...20) Al(21,...280) —5 O(x1,...280) NE(21,...7t5) (4.1)

Each formula in form (4.1) uses the same free variables witifferent aspect of the capability
means referring to the same entity. If the basic informafiband quality@ of the serviceS are also
taken into consideration, the form (4.1) will be extendée florm (4.2).

Vai,.n B(xi,..xn) AQ(X1,.ty) AP(21,.05tn) AN(21,..80) —5 O(21,.0058n) AE(21,...80)
4.2)

Our approach describes the different aspects of the seBasic, Qos, IOPBsand they are in the
level of the service class. For example, tOdEsof the serviceET can be expressed as:

Pgr::=Preconditiom(Yorigin.{austria,italy})(Vdestination{ austria,italy})1(3hasCard VisaCard

Igp:=Input1(3 origin.EuroCountry 11 ( 3 destination EuroCountry 1 ( 3 price. Tp )M
(3hasCardVisaCarg

Og7::=Output] (3 hasConfirmatiorConfirmatior)

Egr::=Effect1 (3 hasChargeCharge

In the definition of Pr7, Vorigin.{austria, italy} means all the origins are restricted anstria or
italy, which is written using set (or one-of) constructor.

2.2. Semantic web service matching

Finding the semantic web service is the process of servidelmmeaking.

Definition 2.4. (service matchmaking)
Service matchmaking is a process that requires a repoditst/ to take a service requester as input
and to return all service providers which may potentialliiséa the requirements specified in the input
requester, written as:

matcheéR)={ P €«| compatibl¢P, R) } (4.3)



216 G. Shen et al./ A Semantic Model for Matchmaking of Web SerBased on Description Logics

Let « be the set of all providers in a given repository. For a givequesterR, the matchmaking
algorithm of the repository host returns the set of all pdevs which are compatiblecompatibl¢P, R)
means that servic® is compatible with R (see definition 2.5). Note that the senR and P here are
the service description class based on our semantic senadel.

Definition 2.5. (service compatibility)

The serviceP is compatible with servic&, writtencompatibl€éP, R) or P = R, if Bg (x1,....tn) AN QR
(@1yeen) A PR (x1,..n) AR (X1,..580) =R Or (X1,..5tn) A ER (x1,...2t0), thenBg (x1,... &,) A
Qr ((L‘l,...,%’n) N Pgr (.%'1,...,)(,1) ANlp ((L‘l,...,%’n) —p Og (.7]1,...,%’”) N Egr ((L‘l,...,%’n).

That is, if P has the same pre-aspectsigghen P must generate the same post-aspect’.as

Note thatP > R meansP could be plugged in place @t.

Our model of the web service describes all the aspects afcsefrom which we derive the compat-
ibility conditions.

Theorem 2.1. (compatibility conditions)

Let P be service provider, and R be service requestevx{f...x, (Bp(z1,...2n) < Br(Z1,...st0)),
and Vzy,...xn (Qp(x1,..tn) — Qr(z1,..20)) , andVay,...xy (Pp(z1,...8n) — Pr(z1,...80)),
andvzy,....ep, (Ip(x1,e0yn) — Ip(x1,...5tn)), andVzy,...2,(Op(x1,...0) — Ogr(z1,...x,)), and
Vay,..xn (Ep(z1,...8n) — Egr(21,...,ty,)) are satisfied, the®® = R .

The theorem 2.1 can be expressed as follows:

(Vx1,...tn (Bp(x1,eetn) — Br(®1,..20))) A (Voi,...tn (Qp(T1,tn) — QR(Z1,020))) A
(Vx1,...tn (Pp(z1,...itn) — Pr(x1,..2t0)) YA (VX1 ([p(21,0tn) — IR(21,0020)) ) A (V21,00 T
(Op(x1,eeeitn) — Op(x1,.eitn))) A (VX100 (Ep(21,..0ity) — Eg(21,...2.,))) = P> R

Where all the aspects of the service are written in concaptsthere is a difference, called "satisfy-
direction difference” [10], between inputs and outputschirtg.

Proof:
All the condition clauses in theorem 2.1 are as follows:

(D) Vzi,...on (Bp(z1,...tn) «— Br(T1,...280))

(@) Va1,..xn (Qp(T1,.20) — QR(T1,.5T0))

(B)Va1,...tn (Pp(1,.. Jﬁn) — Pr(z1,...01))

(8) V1,00 (Ip(21,02n) < IR(T1,00.00))

(B)Vzi,...tn (Op(21,...00) — ORr(21,...2t0))

6) Va1,..tn (Ep(x1,eetn) = ER(T1,...500))

According to the definition of service compatibility (seefidition 2.5), for service F*), if P has
the pre-aspects &g, Qr, ....[r **), and the compatibility condition$**) are satisfied, then P has the
post-aspects a8r, Er ****). The proof rule is as follows:

(BPANQp A PpANIp— OpAEp), Br,Qr, Pr,Ir,(Bp < BR),...,(Ep — ER)
Or, Er
Where the formulas are written in the simple way, eRy, stands forBp(z1,....2,).
The formulas marked with), ), (=) (=) correspond to clauses (8), (7), (1)-(6), (9"). That is:
(7) Br(z1,...2tn) AQR(X1,eetpn) APR(21,een) A R(21,.020)
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(S)V L1yeeeslp Bp(Xl,...,%’n) A Qp(.%’l,...,%’n) /\Pp(.%'l,...,%'n) A Ip(.’IJl,...,,xn) — Op(.%'l,...,%‘n)/\
Ep (1,..57p)

(9) Ogr (x1,-.xn) AN ER (z1,...5t0)

The theorem can be proved by the resolution principle. Thelugion principle, due to Robinson,
is a method of theorem proving that proceeds by construgtingfs by contradiction. Generation of a
resolvent from two clauses, called resolution, is the sdlke of inference of the resolution principle. The
resolution principle is complete, so a set (conjunctiondlafises is unsatisfiable iff the empty clause can
be derived from it by resolution.

According to the resolution principle, the theorem is trdeewthe set of clauses={(1),(2), ..., (8),
—(9") } is unsatisfiable. Let (9)=(9’), eliminate the universal quantificatiofj(and implication{=), we
get the clauses in S as follows, where (7.1),..., (7.4) amftlause (7), (8.1), (8.2) are from clause (8),
and each clause is in disjunctive normal form.

(1) Bp((L‘l,. .. ,%’n) \/—\BR((L‘l,. .. ,%’n)

(2) Qp(xl,. .. ,%‘n) \/—|QR((L‘1,. .. ,%’n)

(3) Pp(z1,. .. pn) VoPR(x1,. .. n)
@) Ip(z1,...xn) VIR(z1,. .. x0)

(5) —|OP(.%'1,. .. ,Tn) \/OR(.%'l,. .. ,Tn)
(6) ~Ep(z1,...mon) VER(21,. .. x0)

)
(7.1) BR(-TL- .. ,CCn)
(7.2)Qnlar... 1)
(7.3) PR(-TL- .- r’En)
(7.4) IR(CCl,. .- r’En)
(81) -Bp (.%'1,. .. ,%’n) V-Qp ((L‘l,. .. ,%’n) V-Pp (.%'1,. ..
(8.2) -Bp (.%'1,. .. 1)§1) V-Qp (.%'1,. . ,Tn) V-Pp (.%'1,. ..

Zn) VOPp (x1,. ..
,Tn) VEp (x1,...

rxn)
rxn)

,%’n) V=lp (z1,...
,Tn) V—-Ip (.%'1,. ..

(9) “Ogr(z1,....%) VoER(z1,... xn)

Applying resolution principle, we get:

(10) Bp(x1,...,%,) by(1), (7.1)

(11) Qp(z1,.... %) by (2), (7.2)

(12) Pp(z1,...,%,) by (3),(7.3)

(13) Ip(z1,..-,%) by (4), (7.4)

(14)Og (x1,...,%) by (5), (8.1), (10), (11), (12), (13)
(15) Eg (21,....%) by (6), (8.2), (10), (11), (12), (13)
(16)t by (9), (14), (15)

We can obtain empty clause wiffy so.S is unsatisfied. That is, clause (9’) is the logic result of the
clauses (1),(2), ..., (8). The theorem is proved.

O

Note that the service compatibility is not symmetricaltiisaP = R # R = P
The implication ) in logic is expressed as subsumptidn)(in DL. So the theorem 2.1 can be

described as:

Corollary 2.1. (compatibility conditions)
Service providerP is compatible with service requestBy if Bp subsumesBr, and@ p subsumes) i,
and Pp subsumesPg, andlp subsumedr, andOp is subsumed by g, andEp is subsumed b¥g.
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The Corollary 2.1 can be expressed as follows:
(Bp 3 Br) N(Qp 2 Qr) N(Pp 2 Pr) AN (Ip D Ir) N(Op T ORr) N (Ep C Eg) = P~ R

Definition 2.6. (degree of match)
The rational for the degree assignment[5] is describednbelo

(1) Exact: if requesteR? is compatible with provide”, and P is compatible withR. We call the
matchexact written R = P.

(2) Plugln: if providerP is compatible with requestet, we call the matctPlugin, written P> R.

(3) Subsume: if requesteR is compatible with providerP, we call the matclsubsume written
P < R.

(4) Fail: otherwise we cafiail.

Obviously, the requester expects first and foremost thatitweder achieves the output requested at
the highest degree. The degreegxdictandplugin are satisfied thaP is compatible withR. The degree
of subsumaes not satisfied (in factR is compatible withP), but it shows thaf is close toR.

3. Reasoning about service matchmaking

3.1. Modeling web service in DL

DL is fit for the service match, because that basic elemeimtscépts and roles) provided by DL are
suitable for modeling static object, and that the DL systdfier® services that reason about them.

We can express the semantic web service meta-model in Dlrdingdo definition 2.1, 2.2 and 2.3.
First, the top level ontologies are defined as follows:

SWSDescriptiorn= ( 3hasProfileProfile)1(IhasCapabilityCapability),

Profile ::= ( 3hasBasidBasigrn (FhasQo%09, Basic—"WSAspectQos=WSAspegt

Capability.:=(3hasPreconditioRrecondition1(3hasInputnput)™(FhasOutpuOutpudri(IhasEffect.
Effec),

INpUtEWSAspectOutpuEWSAspectEffecEWSAspectPreconditiodl-WSAspect. .

Next, the common knowledge and domain knowledge of the aeiie described in DL knowledge
base by the domain experts, and the description of specificceds expressed by inheriting the aspects
of the service.

For example, the category of the service profile can be edeto theUNSPSC (United Nations
Standard Products and Services Code), which is an operglgitdrtronic commerce standard that pro-
vides a logical framework for classifying goods and sersicEheUNSPSds a hierarchical classifica-
tion, having five levels (segment, family, class, commoditg business function). Each level contains a
two-character numerical value and a textual descriptiam.eample, the commodityTtavelAgencies
(the fourth level) is part of a larger class of serviceRavelAgents which in turn is part of a family of
services, TravelFacilitatior, which is itself part of segment of servicesTravelAndFoodAndLodgin-
gAndEntertainmentServicesThe fifth level can be further extended. Here we exteBdropeTrave],

" AsiaTravel etc, which are parts of a commaodity of servicdsdvelAgencigs The hierarchical classi-
fication can be expressed as concept inclusion axioms in TBox

http://www.unspsc.org
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EuropeTravelC TravelAgenciesAsiaTravelC TravelAgencies

TravelAgencies_ TravelAgentsTravelAgents_ TravelFacilitation

TravelFacilitationC TravelAndFoodAndLodgingAndEntertainmentServices

For EuroTravelservice, the domain knowledge is as followEuroCountryis a sub-concept of the
Country, austrig, italy, germanyfranceetc are instances &uroCountry TheVisaCardandMasterCard
are disjoint and they are both a kind®&ankCard

EuroCountryC Country

EuroCountryaustrig), EuroCountryitaly), EuroCountrg§germany, EuroCountryfrance, ...

VisaCardC — MasterCard VisaCardC BankCard MasterCardC BankCard ...

And the aspects of thEuroTravelservices are as followgEuroTravelhas category oEuropeTravel
and the service cost is between 300 and 500.

Bpgr::=Basic1(IhasCategoryuropeTrave)l, Q gr::=Q0s1 (3cost>30) M(Icost<sgp),

Prr::=Preconditiom(Yorigin.{austria,italy})(Vdestination{ austria,italy})1(3hasCardVisaCard,

Igr::=Input (3 origin.EuroCountryri( 3 destination EuroCountryri( 3 price. Tp) M (3hasCard
VisaCard,

Ogr::=Output1(3 hasConfirmatiorConfirmatior), Err::=Effect1 (3 hasChargeCharge

Q7 is defined by an expression of the fo@os1 (3cost>3) M(3cost<sqp), here>3yy stands for
the unary predicatén | n>300} of all nonnegative integers greater than or equal to 300.

3.2. Reasoning about matchmaking of service

There are degrees of web service likeact plugin, subsumendfail. The subsumption is basic TBox
reasoning in a DL system, and others reasoning can be detludedAccording to Corollary 2.1, we
propose an algorithnwebServiceRelDecisipnvhich makes the service matching by using subsump-
tion reasoning. Lef(=(T', A) be the knowledge basé, and R are service class of provider and that
of requester respectively, amghsic, Qosand IOPEsof P are written asBp, Qp, Pp, IpandOp, the
respective aspects & are asBr, Qr, Pr, Ir andOg.

TYPE TMatchDegree = ENUMERATION

(exact, plugln, subsume,fail)
END

The data structur@MatchDegreedenotes a degree of service match following definition 2.6: A
cording to Corollary 2.1, if Bp 3 Br) AN(Qp 2 Qr) N(Pp 3 Pr) AN (Ip 2 Igr) A (Op C Og)
A (Ep C Eg) is satisfied, then we can infer th&tis compatible withR (see line 1-2). If different
direction is satisfied, then we can get tliais compatible withP (see line 3-4). Lastly, the match degree
is achieved (see line 5-10).

The functionsubsumér, y) is used for checking whether conceptsubsumes concept, which
is a basic TBox reasoning in DL. So, the decision of servicécmdegree is reduced to the concept
subsumption reasoning.

According to the definition of service matchmaking (defanit2.4), its process is expressed/ieb-
ServiceMatchReas@n The inputR anda[n] are requester and the set of providers in the repository.
The output MatchServicesSet is the set of providers whiehraatched.
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Algorithm 1: WebServiceRelDecision
Input: P, R are service descriptions of provider and requegteis knowledge-base
Output: matchDegree is degree of the service match

1 bSsm = subsume(Bp, Br),¢Ssm = subsume(Qp,Qr),pSsm =
subsume(Pp, Pr),1Ssm = subsume(Ip,Ir),0Ssm = subsume(Opr,Op),eSsm =
subsume(ERr, Ep);

2 isCptbl = (bSsm A qgSsm A pSsm A iSsm A oSsm A eSsm);

3 bSsm = subsume(Bg, Bp),q¢Ssm = subsume(Qr,Qp),pSsm =
subsume(Pr, Pp),iSsm = subsume(Ig,Ip),0Ssm = subsume(Op,OR),eSsm =
subsume(Ep, ER);

4 isCptb2 = (bSsm A gSsm A pSsm A iSsm A oSsm N eSsm);
5 switch () do

6 case(isCptbl A isCptb2) matchDegree = exact;

7 case(isCptbl A —~isCptb2) matchDegree = plugln,;

8 case(—isCptbl A isCpth2) matchDegree = subsume;,
9 case(—isCptbl A —~isCptb2) matchDegree = fail;

10 end

Algorithm 2 : WebServiceMatchReason
Input: R, an], K
Output: MatchServicesSet is the set of the services matched
1 for (i = 1;i < sizeof(«a[n])) do
2 matchDegree = WebServiceRel Decision(a[i], R, K);
3 if (matchDegree € {exact, plugIn}) then
4 matchltem = (ali], R, matchDegree);
5
6

MatchServicesSet = MatchServicesSet + {matchItem} ;
end
7 end
8 Sort(MatchServicesSet);

TYPE TMatchltem =RECORD

id : String;

P, R : String;

matchDegree : TMatchDegree;
END

The data structuréMatchltemdenotes an item of service match correspondence. For eacider,
check whether it is compatible witR (line 2). If the degree igxactor plugin, then add the match item
into set of services matched (line 3-6). Lastly, sorttetchServicesSdty match degree (line 8).
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4. Case study

RacerProis selected as our DL system. RacerPro is a knowledge repation system that implements
a highly optimized tableau calculus for a very expressiv&dption logic. It offers reasoning services
for multiple TBoxes and for multiple ABoxes as well. The gmstimplements the description logic
ALCQHIg,.

RacerPro works in a client/server model and the server igfRao reasoner (Verl.99))education
license. The reasoning about service matchmaking is imgéea by using JRacer (Ver 138which
is RacerPro’s APl in Java, and provides a simple way to conicatewith a RacerPro server based on
TCP sockets. For example, the functismbsumeér, y) in WebServiceRelDecisibh can be achieved by
query (concept-subsumes?y) in RacerPro.

Let the EuroTravelservice be requestek, and letSP, SR, SR, SR, SR, be a group of service
providers in repository. In contrast witR, SP, requires as a precondition destination in Europe country,
and as input the visa card or master c&88; requires as basic information categoryTiravelAgencies
and as a precondition card in bank card, and as input origirdastination in countrySP; requires as a
precondition destination in Asian counti$P; requires as a precondition origindustriaand destination
in italy; SP;, generates an email confirmation and discount as output. &berigtions of servic&E,
i={1,2,3,4,3, are expressed as follows.

SPR;::=(3hasProfileProfile; )1(IhasCapabilityCapability; ), Profile;::=(3hasBasicB; )1(IhasQog?); ),

Capability;::= (3hasPreconditior?; )1 (3hasinputl; )1 (3hasOutpulD; ) (3hasEffectE; ) .

The aspects of serviceP,, such asB;, Q;, P;, I;, O; and E;, are expressed as follows:

Bj::=Basic1(3IhasCategoryuropeTrave),

Ql:::QOSﬂ(HCOStZngo) |_|(E|COSt§500),

P, ::=Preconditiom(VdestinationEuroCountryr(3hasCard(VisaCard__MasterCarg),

I1::=Input1(3 origin. Country) 1 ( 3 destination EuroCountry M ( 3 price.Tp) M (3hasCard
(VisaCardMasterCarg),

O1::=Output’ (3hasConfirmatiorConfirmation,

E4:=Effect1 (4 hasChargeCharge

B,::=Basic¢1 (FhasCategoryravelAgencies

Q2::=Qo0s71 (ElCOStzgoo) |_|(E|COSt§500),

Py::=Preconditiom (3hasCardBankCard,

lo::=Input (3 origin. Country) M ( 3 destination Country) 1 (3 price Tp) M (3hasCardBankCardg,

O4::=Output’ (FhasConfirmatiorConfirmatior) ,

E5::=Effect (3 hasChargeCharge

Bs::=Basic1(3IhasCategonAsiaTrave),

Q3::=Qo0s71 (ElCOStzgoo) |_|(E|COSt§500),

P3::=Preconditiom (vdestinationAsianCountry rn (3hasCardVisaCard,

Is::=Input1 (3 origin. Country) M1 ( 3 destination AsianCountry 1 ( 3 price.Tp)r (3hasCard
VisaCard,

Os3::=Output1 (3hasConfirmatiorConfirmatior) ,

E5:.=Effect1 (4 hasChargeCharge

2http:/iwww.racer-systems.com/
Shttp:/iwww.racer-systems.com/products/downloadieditiraries.phtml
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B,::=Basic¢1 (FhasCategornfuropeTrave),

Q4::=Qo0871 (3cost>300) M (Fcost<su),

P,::=Preconditiom1(Vorigin.{austria})r1(Vdestination{italy })©1 (3hasCardVisaCardg,

I:=Input1 (3 origin. EuroCountry 1 ( 3 destination EuroCountry 1 ( 3 price.Tp )M (3hasCard
VisaCard,

04::=Output1 (3hasConfirmatiorConfirmatior) ,

E4::=Effecth (3 hasChargeCharge

Bs::=Basic¢1 (FhasCategorfuropeTrave),

Q5::=Qo0s71 (ElCOStzgoo) |_|(E|COSt§500),

P5::=Preconditiom(Vorigin.{austriagitaly })1(Vdestination{austria,italy} )7 (3hasCardVisaCarg,

I5::=Input1(3 origin. EuroCountry M ( 3 destination EuroCountry 1 ( 3 price. Tp )M (3hasCard
VisaCard,

Os5::=Output] (3hasConfirmationEmailConfirmatiof 1 (3hasPromotiorDiscoun) ,

Es::=Effect1 (4 hasChargeCharge

The domain knowledge is expressed in knowledge base as:

EuroCountryC Country, AsianCountry= Country, AsianCountryC —EuroCountry VisaCardC —
MasterCard VisaCardC BankCard MasterCardC BankCard EmailConfirmation_ Confirmation

All the top-level concepts of the semantic web service nmedalel, and the description of specific
service class (e.g. the EuroTravel service) and relativeaio knowledge are expressed in RacerPro
knowledge base, the key part can be seen in Appendix A. AndlgaithmWebServiceRelDecisifn
can be implemented by the query inference in RacerPro (sebdtitom section in AppendixA). The
results of match are shown in Tablel.

Table 1. Match results
B Q P I O E match degree
SP1 B=B1 Q=01 PLCP1 I1C 11 0=01 E=E1 plugin
SP2 BC B2 Q=Q2 PC P2 IC1I2 0=02 | E=E2 plugin
SP3 | BMB3#1L | QNQ3#41L | PNP3#41L | INI3#1L | 0=03 E=E3 fail
SP4 B=B4 Q=Q4 P 3P4 =14 0=04 | E=E4 subsume
SP5 B=B5 Q=05 P=P5 =15 O 305 | E=E5 plugin

In contrast with service requesté&, if the service candidat8P, have less and general basic/Qos/
precondition/input parameters, and generate more andfispeatput parameters, the®P, can have
more opportunities to be compatible with If the aspects of service are expressed precisely, then we
can get really good match results.

The result of the research effort shows that web serviceghdaed find each other automatically and
interoperate autonomously without the need of hardcodedaations. Our matching algorithm provides
a way for automatic dynamic discovery, selection of webisess which is a crucial feature in the web
of the future in which services dynamically reconfigure tiseipply chain to better match changes in the
market.
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5. Related work

For the string based service match, UDDI is a method of magchérvices in terms of key words. And
Muller[11] described the service as the main service pt@seand the service comparing strategy is
based on string matching.

For the logic based service match, Gonzalez-Castillo[I2fstructed the subsumption tree of the
serviceDescription, and the tree node is the concept ofghéceDescription. This approach matches
the service by finding the equivalent concepts, sub-coraamd super-concepts. This approach does not
differentiate between input and output.

There are many service matchmaking approaches[4, 5, 6,wh&jh are based on existing semantic
service models, such as DAML-S/OWL-S and WSMO.

Paolucci[5] proposed the service matchmaking based on DAithe match algorithm is intuitive:
for each output of the requester, there is a matching outptiteé provider, and the matching between
inputs is computed following the same algorithm but revérseder. The approach observes "satisfy-
direction difference” (see theorem 2.1), but only inputpoits are considered. Li [6] expressed the
input and output of service as conc&arviceProfileand classified the input/output parts by using Racer
system. Then, the service matchmaking is achieved by congptite input/output parts of requester’s
subsumption relationships w.r.t. the input/output paftallothe provider ServiceProfiles. Its algorithm
doMatch) does not satisfy the "satisfy-direction difference” amdy input and output parts are consid-
ered. Klusch[7] proposed a hybrid semantic Web service mrajchat exploits both explicit and implicit
semantics. Besides explicit semantics, it complemenis lmased reasoning with approximate matching
based on syntactic IR based similarity computations. Wthigeexplicit semantics include only input and
output. Dong[13] proposed the matching approach, whichk o account IOPEs. Inputs and outputs
(I0) match followed the match algorithm in [5], and precdimtis and effects (PE) are modeled in DL
ABox.

Ambroszkiewicz[14] proposed an approach called enTisthich the services are composed on the
fly in order to realize clients’ requests. enTish proposedh éefined logic language called Entish, and
the request is expressed as the formula. It is open, and istoibdted use to enable uses to introduce
new resource type, functions and relations with URIs.

Meanwhile, the most of current semantic service discovegthods perform service 1/0 based pro-
file matching, there exists no matchmaker that performs tagiated service matching by additional
reasoning on logically defined preconditions, effects, @od so on. Our services description model
describes the various aspects of the web services as cerinepBox of DL knowledge base, which
enables the service matchmaking by DL reasoning.

Conceptual models with DL offer more expressive facilifiesmodeling, such as model checking[15]
and data mining[16].

6. Conclusion

We proposed a formal model in DL for the representation ofas#in web services, which facilitates the
service matchmaking. The aspects of the service (such as Rass, IOPES) are expressed as concepts
in TBox. The service compatibility theorem is proposed, chfpromotes the service match algorithm.
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The algorithm can be used to reason about the service maktatgnby using DL reasoner (such as
RacerPro).
The main features of this approach can be summarized asvfllo

(1) The semantic service model based on DL focuses on thé&serapabilities, so it is abstract,
simple and easy to model for domain experts.

(2) The semantic technology makes the model machine-mabks which enables the service re-
quester and provider "know” each other and leads to highigioetfor service matchmaking.

(3) The model introduces all aspects of the service, on wthietservice match algorithm depends,
while many other approaches only consider input and output.

(4) The service aspects are expressed as concepts in DLéagsvbase, so the services matchmaking
is transformed into the match of concepts by using TBox neiago

(5) The DL system promises the correctness of the servicehmetking, if service capabilities are
described precisely.

Our model is mainly used to describe the static aspects adfghdces. Future work includes modeling
the dynamic behavior of the services, which concentratab@state of the world.
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A. Semantic description of services and reason about matchaking in
RacerPro

5 (note that the lines begin with ”;;” are comments)
semantic web service meta-model

(|mpI|es Basic WSAspect)
(implies Precondition WSAspect)
(implies Input WSAspect)
(implies Output WSAspect)
(|mpI|es Effect WSAspect)...

;; —— domain knowledge
(implies EuroCountry Country )
(implies AsianCountry Country)
(disjoint EuroCountry MasterCard)
(implies EmailConfirmation Confirmation)
(instance austria EuroCountry)
(instance italy EuroCountry)...

;;———— requester R
(define-concept B (and Basic (some hasCategory Europd))ave
(define-concept Q (and Qos £ cost 300) €= cost 500)))
(define-concept P (and Precondition (all origin (one-otida#aly))(all destination (one-of austria italy))
(some hasCard VisaCard)))
(define-concept | (and Input (some origin EuroCountry)(satastination EuroCountry) (a price)))
(define-concept O (and Output (some hasConfirmation Cortiom®)
(define-concept E (and Effect (some hasCharge Charge)))
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5 SP1
(define-concept B1 (and Basic (some hasCategory EuropelIpav
(define-concept Q1 (and Qos £ cost 300) &= cost 500)))
(define-concept P1 (and Precondition (all destination Eotmtry) (some hasCard (or VisaCard Mas-
terCard))))
(define-concept 11 (and Input (some origin Country)(somaidation EuroCountry) (a price)))
(define-concept O1 (and Output (some hasConfirmation Coatfiom)))
(define-concept E1 (and Effect (some hasCharge Charge)))..
;;——— campatible(SP1, R)?
(concept-subsumes? B1 B)
(concept-subsumes? Q1 Q)
(concept-subsumes? P1 P)
(concept-subsumes? 11 1)
(concept-subsumes? O O1)
(concept-subsumes? E E1)...
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