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Abstract widely motivated and recommended for automated service
discovery under highly dynamic and context-dependent re-
Automated techniques and tools are required to effec- quirements in distributed environments. Semantic-eexdch
tively locate services that fulfil a given user request. To frameworks are considered a key issue to enforce timely
this purpose, the use of semantic descriptions of servicesdiscovery and dynamic composition of services. The on-
has been widely motivated and recommended for auto-tology description languages OWL, OWL-S and, more re-
mated service discovery under highly dynamic and context-cently, WSML have been proposed with the capability of
dependent requirements in distributed environments. Oursupporting Description Logics lik§HOZN (D+), that is,
aim in this work is to propose a semantic-enriched frame- a knowledge representation formalism with a sound, com-
work to describe services and an ontology-based hybrid ap-plete and decidable inference procedure [1]. In the litera-
proach where such framework is exploited combining to- ture, several approaches based on these languages are be-
gether different kinds of comparison strategies to provide ing developed. In [9] a service matchmaking strategy based
a flexible and efficient matchmaking between service de-on the DAML+OIL language used for service description,
scriptions. For service discovery two matchmaking strate- on the OWL-S service ontology and on a DL reasoner is
gies are proposed: a deductive strategy based on Descrip-proposed. The DAML+OIL expressions representing Ser-
tion Logics, with a reasoning procedure exploiting ontglog  vice Profiles, according to the OWL-S ontology, are consis-
knowledge to assess the type of match between servicesgently mapped into the corresponding DL expressions and
a similarity-based strategy, exploiting retrieval megito DL-based reasoning facilities are applied to check if the re
measure the degree of match between services. quest description is equivalent, subsumed or consistehnt wi
the descriptions of service advertisements. The approach
described in [11] also use a service capability representa-
1 Introduction tion based on the OWL-S Service Profile, with inputs, out-
puts, preconditions and effects. Semantic relationshéps b

In the recent years a growing number of services hastween input and output parameters in the domain ontolo-
been provided on the web and it is more and more diffi- 9ies are exploited to verify if: (a) all the outputs required
cult to promptly access and retrieve needed web informa-are also provided by the advertisement and (b) all the inputs
tion. In particular, a challenging problem is to improve-ser Needed for advertisement execution are provided by the re-
vicing of the web user requests. Totally or partially auto- quester. A logical formalism based on Horn clauses is also
mated techniques and tools are required to effectively lo- Provided to express preconditions and effects and to verify
cate services that fulfil a given user request. To this pur- their logical implication or equivalence. In [15] a DL-base

pose, the use of semantic descriptions of services has beeffasoning algorithm extending the non standard inference
mechanisms o&bductionand contractionare applied for
*This work has been partially supported by the MAIS (Multichal
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ian Ministry of Education, University and Research, and hyENIN- the provided one, expressed by means of DL expressions.
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The compared descriptions could be incomplete or not fully 2  Ontology-based service modeling

compatible, so when an element in the request not consis-

tent with an element in the offer is found, it is removed Starting from the WSDL document of a service and map-
(contraction) and each required element that is not presenping it into a Description Logic expression, a service func-
in the offer is added (abduction). Each time an element is tional interface can be formally represented as a conjancti
removed or added, a penalty value is increased. The higheof:
is the penalty, the lower is the compatibility between the
request and the advertisement. The METEOR-S Web Ser-
vice Discovery Infrastructure presented in [14] extends tr
ditional UDDI Registries, including also semantic aspects

of service descriptions by means of shared domain specific ¢ one or more concepts in the form
ontologies. While searching for services, relevant domain JhasOperation.OP, where OP is a concept
ontologies can be referred to, enabling semantic matchmak-  representing an operation of the service; each concept
ing of services. Moreover, registries are organized into do OP is described as a conjunction of:

mains to enable domain-based classification of all services

e a concept in the forndhasCategory.C AT, where
CAT is a concept representing the associated service
categories;

— the operation name, expressed by means of an
atomic concept;

Our aim in this work is to propose an ontology-based — one or more conceptShasInput./N, where
hybl’ld approach where different kinds of comparison strate IN isa concept representing an input parameter
gies are combined together to provide a flexible and efficient of the operation;

matchmaking between service descriptions. We extend the
keyword-based approach of UDDI Registry by considering
semantic matchmaking on the basis of a Domain Ontology
(that provides the general knowledge about concepts of the
business domain in which services are used) and a Service [N andOUT are specified in the forBR.C, whereR
Ontology (where services are organized by means of semanrepresents the name of the parameter@msla concept rep-

tic relationships at multiple levels of abstraction). Fer-s resenting admitted values (that is, the range of the parame-
vice discovery two matchmaking strategies are proposed: aer). C' can be defined as an atomic concept, an enumeration
deductive strategy based on Description Logics, with area-{o;, 0s, .. .0, } of nominals or a complex concept obtained
soning procedure exploiting ontology knowledge to assesshy applying theintersectionoperator (1), the unionopera-

the type of match between services [2]; a similarity-based tor (L) and thenegationoperator ).

strategy, exploiting retrieval metrics to measure the degr The Description Logic family used corresponds to the
of match between services [3]. The similarity approach is A£CO one, that is, the4£C logic enhanced with con-
applied after the deductive one in order to rank selectedstructs to manage nominals. However, we serialize our ser-
services according to the measured matching degree. Alsaice descriptions using OWL-DL, that can be consistently
in [7] a mixed matchmaking approach has been proposedmapped intaSHOZN (D+), including also role hierarchy
however, the similarity-based part of this approach exploi (%), number restrictionX) and concrete datatype®{).

IR techniques that are not tailored to service description This choice is twofold: to use OWL-DL as a recommended
comparisons and, during the deductive matchmaking pro-Web-based language to represent our ontologies and to al-
cedure, no terminological relationships are considered be |ow for future extentions of service descriptions, enhagci
tween names of elements used for service descriptions. Ouexpressiveness.

approach overcomes these limitations.

— one or more concepihasOutput.OUT, where
OUT is a concept representing an output param-
eter of the operation.

2.1 Adding semantics to service description

The paper is organized as follows: in Section 2 we  In order to add semantics to service descriptions, we ex-
present the semantic-enriched framework for service mod-ploit in a combined way a Domain Ontolo@omONT,
eling using ontologies; Section 3 and 4 describe the deduc-that contains the OWL-DL definitions of the elements used
tive and similarity-based matchmaking strategies and theto describe services (input/output parameters, operation
hybrid approach that exploits the framework. Finally, con- names, service categories) in termgohceptaindseman-
clusions are presented in Section 5. tic relationshipsbetween them, a thesaurus automatically



derived from the lexical system WordNet [6], that contains the middle layer we have the Abstract Services, that are in-
terminological relationshipbetween names of ontology el-  troduced to summarize the functionalities of sets of simila
ements (e.gsynonymyhypernymyetc.) to better capture Concrete Services; these ones are positioned in the lower
their meaning, and a Service Ontola8yrvONT, that or- level of the ontology and are directly invocable services th
ganizes services on different layers of abstraction as ex-implement the functionalities represented by Abstract Ser
posed in the Section 2.2. Ontologies, as well as servicevices. Finally, at the top layer of the ontology Subject Cat-
descriptions, are described using the OWL-DL language, egories organize Abstract Services into standard availabl
allowing for the creation of an overall ontological frame- taxonomies (in particular, we considered threspscclas-
work in which service descriptions are completed with the sification) to provide a topic-driven access to them; these

semantics provided by ontologies. categories are the same that are used in the UDDI Registry
The Domain Ontology provides several kinds of seman- to classify published Concrete Services (in this sense, our
tic relationships, in particularconcept specializatiqrcon- Service Ontology is built upon traditional UDDI Registry

cept equivalenceconcept disjunctiomndconcept compo-  structure); in particular, each Abstract Service is agdedi
sition. Moreover, given a sel’ of terms used as names to the set of Subject Categories related to the Concrete Ser-
of ontology elements and following a procedure similar to vices represented by that Abstract one.
that proposed in [5], the thesaurus is built according to the  |n the example, we consider the Abstract Services:
following rules: (i) if ¢ € T and an entry for exists in - Fi ndFi r m that, starting from a firm type and a geo-
WordNet, thert is defined asimple termand added to the  graphical zone, returns a list of firm addresses situatein t
thesaurus;, (ii) ift € T"is not a simple term, butitis a con-  gegjred zone: this service can be further specialized by pro
catenation of simple terms= (st1, sta, ... stn), thentis  yiging also some photos of the desired firms (by means of
defined axomposite termln this case an entry is defined £ ndFi r M t hPhot os service); roughly speaking, we
in the thesaurus farand for eachst;,i = 1,...n. say that théFi ndFi r Ml t hPhot os service is aspecial-
Terminological relationships between simple terms in ization of the Fi ndFi r mservice if the first one provides

the thesaurus are set by considering relationships amongt |east the same functionalities of the second one, pyssibl
synsets in WordNet, as shown in Table 1. In addition, for adding new functional features;

each composite termwe follow the intuition in [12] and
add to the thesaurus the relationships BT ¢ (to denote
thatst,, is a Broader Term thahor, equivalently, that is a
Narrower Term NT thant,,) andst; RT¢,i =1...n—1(to
denote thatt; andt are Related Terms). In fact, as usual
in English, in a composite termthe last simple ternst,,
denotes the central concept represented, byhile the re-
maining simple terms are used to better specify the meanin
of st,.

- CreateMap, that prints the geographical map
of a given address; this service is specialized in the
Fi ndNear est Feat ur es service, that represents on a
geographical map a list of requested features closer to a
given address;

- Fi ndFi r mOnMap, that, starting from a firm category,
represents a list of firms on a geographical map; we say that

g[his service is composed of tiké ndFi r mandCr eat e-

Map services, that is, roughly speaking, the functionalities
of Fi ndFi r mOnMap includes the union set of functional-
ities of Fi ndFi r mand Cr eat eMap; the first service is

Our approach is being exploited in the MAP Project, called thecqmposﬂenne, while the other ones are tbem-
conceived by the Industrial Association of Brescia -AlB- ponentservices.
in cooperation with Chamber of Commerce of Brescia, Uni- AS an example, theSHOZN (D+) expression for the

versity of Brescia and University Cattolica del Sacro Cuore Fi NdFi r mservice is the following:
aiming at giving to local firms a set of services to better

2.2 Case study

know the surroundings and the impact of firms’ activities FindFirm=

on the environment, to compare industrial environmental 3hasCat egory. Geogr aphy| nf or mat i onSer vi ce T

impact with the impact of other human activities like traf- ShasQperation. (firnRetrieval M

fic and to display all the information on interactive maps. Shasi nput. (3i ndustrial Area. | ocation) M

Here we focus on this last aspect to provide application ex- Jhasi nput . (3type. firnfype) M

amples of the approach. Figure 1 shows a portion of the ShasQut put . (3f i r mAddr esses. addressLi st))

Service Ontology used for geographical information ser-
vices. We can distinguish three layers of abstraction. In The specialization and composition relationships cautstit



Thesaurus entries Relationships in WordNet Relationships added
to the thesaurus

st;, st; simple terms | st;, st; belongs to the same synset sti SYN st;
a hypenymy/hyponymy relationship st; BT/NT st;
exists between synsets &f;, st;
a meronymy relationship exists st; RT st
between synsets at; andst; or st; and
st; are coordinate terms

t = (sty, sta,...Sty) sty BT t

composite term st;RTt,i=1...n—1

Table 1. Terminological relationships between the names of Domain Ontology elements.

association

— specialization Information Service
::> composition

[ Geography Information Service 1 [ Travel Service ]

SUBJECT
CATEGORY
LAYER

[ Geography and map skills resources and accessoriesJ [ Accomodation Service ]

ABSTRACT
SERVICE
LAYER

Concrete Services
Implementations

CONCRETE
SERVICE
LAYER

Figure 1. A portion of Service Ontology for geographical inf ormation services.



two kinds of semantic relationships between Abstract Ser-
vices that will be exploited to speed up the discovery algo-
rithm, as shown in the Section 4.

3 Semantic-enriched matchmaking
3.1 Deductive matchmaking

The thesaurus introduced in Section 2.1 is exploited to
compute theName Affinitycoefficient between names of
input/output parameters and operations. A weight €
[0, 1] is associated to each kind of terminological relation-
ship tr € {SYN, BT/NT, RT} in the thesaurus, in order
to evaluate its implication for affinity; in particular, we
haveosyn > opr/nr > orr (in our experimentation,
osyn = 1, OBT/NT = 0.8 andogrr = 0.5). The the-

C,D € DomONT and (C C D) is satisfied in
DomONT, whereC denotes the usual subsumption
in Description Logics;

only CeDomONT and GC(C)NDrn#0D, where
GC(C) = {X€DomONT | CEX} and D7y is
the set of terms that have name affinity with that is,
Dryn ={yeTH | (dn~y)};

only DEDomONT and SC(D)NCrx#0, where
SC(D) = {XeDomONT | XED} andCryy is the
set of terms that have name affinity with, that is,
Crn ={yeTH | (ca~y)};

if C,D ¢ DomONT, there exists name affinity be-
tweenc,, andd,,, thatis,(c,, ~ d,,).

Obviously, C=7D holds if and only ifC E44 D

saurus can be viewed as a matrix, where each cell isrepreand D T, C. This kind of subsumption checking

sented in the form{(¢,t'), tr, o+.), wheret,¢' are two en-

between concepts is exploited to verify the kind of match

tries of the thesaurus (respectively, the source and the tarpetween the Description Logic expressions that describe an

get terms of the relationshifp). Two terms can be related
by one or more chains of terminological relationships: we
call pathof length! between two terms, ¢, denoted with

t —! ¢, a finite ordered sequence of terminological rela-
tionships(try, tro, . . . tr;), where the source term of, is

t and the target term af, is t. Thestrengthof t —! ¢’ is
the product of the weights of all the relationships beloggin
tot —! ¢/, thatis,r(t —' t') = [[4_, (04 ) € [0, 1]. Since

advertisemen& and a requesk. Following an approach
similar to the one exposed in [9], we define five kinds of
matches, that will be described in more details. To verify
the kind of match, service description components are
considered separately. Firstly, we consider the service
categories’ AT of the request an@ ATs of the offer and

we verify if CATr Cry CATs. If this condition is not
verified, then the match fails, otherwise the other kinds of

between two terms in the thesaurus there can exist morematches are investigated.
than one path, the one with the highest strength is chosen.

The Name Affinitycoefficient between andt’, denoted by
NA(t,t'), is computed as follows:

1 ift=1t
max)(T(t =) ift#t A
0 otherwise

We say that andt’ havename affinity(t~t’) if and only
if NA(t,t') > «, wherea > 0 is a threshold given by
experimental results to select only terms with high values
of the Name Affinitycoefficient.

We introduce a definition of non standard subsumption

Exact match denotes thaR andS present thesame
functionalities, that is, what is required By is exactly
provided byS. Formally, we say that

match(R,S) =’ exact’ &
Vopf op’s such that |

(megk Em%:linfgk =1H inib) A

(Vout%% Eoytfgk: ouzﬁ% =71H OUtfgk) A
(Name_opyy, =74 Name_opk).

Note that this is a very strong condition. Each operation
of R is compared with each operation 8f In the match-
making process (for each kind of match) we require that
for each comparison between two operations (respectively,

between concepts based on the semantic relationships ifbetween corresponding parameters of two operations)

DomONT and name affinity according to the thesaurus
7TH. Given a pair of concepts' andD with names:,, and

d,, respectively, we say th&t is subsumed by with re-
spect to7 H, denoted byC' T, D, if and only if one of
the following conditions holds:

when a kind of match is established for a pair of operations
(respectively, corresponding parameters) such opesation
(respectively, parameters) do not participate in further
comparisons.



Pl ug- i n match, that isS presents @l ug- i n match Example 3.1 Let consider the request to search for met-
with R whensS presentsat leastthe functionalities ofR allurgy firms in the TrompiaValley zone; the response to
(what is required byR is provided bysS), but S provides the request should provide a geographical map with the
also other capabilities or information that are not reqiire  firm locations and the list of their addresses. Using a
Formally, we say that SHOIN (D+) expression, the request looks like:
match(R,S)=' pI ug-i n e FindMetal | urgyFirms =

Yop, Jop’s such that

(Vinék Em%m% CErn znjsk) N
(Voutih Eoutfgk: outih Ty owffsk) A
(Name_opt, Cry Name_opk)

JhasCat egory. Geogr aphyl nf or nati onServi ce 1M
JhasOper ati on. (firnmBearching M
Jhas| nput. (Jarea. Tronpi aval | ey) M
Jhasl nput. (3type. Metal lurgyFirm n
JhasQut put . ( 3map. Geogr aphi cal Fi rmvap) M

. JhasCQut put . (3fi r MAddr esses. addr essLi st))
Subsune match, that isS presents dubsumnme match

with R whenS presentsome but not althe functionalities

If we compare this expression with tl8H{OZN (D+)
of R. Formally, we say that

expression used for thé&i ndFi r m service given in
the Section 2.2 we see that all the inputs required
match(R,S) =" subsume’ « from the FindFirm service are effectively pro-
Vops Jopy, such that _ vided by the request, while there is a required output
(Vinjg Jin': in' Crw ing) A ( 3hasQut put . (3map. Geogr aphi cal Fi r nivap) )
(Vouts' Jout: outl Cry outig) A that is not provided. Thus, there is subsume match
(Name_ops Exr Name_opy) between the request and the offer. 0

I ntersection match denotes thakR and S have 3.2 Similarity-based matchmaking
some commofunctionaties, that is, there are some capabil-
ities or information that are required, but not provided and  Thename affinityintroduced in Section 3.1 is exploited
some capabilities or information that are provided, but not to compute thesimilarity coefficientshown in Table 2. The
required (this is the most general case). Formally, we sayEntity-based similaritgoefficientF Sim takes into account

that the 1/0O parameters of the overall service descriptions to
measure how much the two services are based on the same
match(R,S) =" intersection < information. TheFunctionality-based similaritgoefficient
Jop%, opjS such that FSim compares pairs of operations together with their cor-
(az‘ng’“, inih: m{g’c Crp inil v responding 1/0O parameters to measure how much the two
inih Ty mfjj) Vv services perform the same functionalities. Finalysim
Goutil, outly: outit Cry outh v and F'Sim are combined in th&lobal similarity coeffi-
outf;k Ty outih) v cientG.Sim. If the value ofG\Sim is equal or greater than a
(Name_oph, Crn Name_op% vV threshold given by experimental result® andS are con-
Name_op% Cry Name_opl) sideredsimilar. These coefficients are based on the Dice’s

formula and widely experimented in [4]. They are more
If all the previous comparisons fail, then the match fails Oriented towards a comparison between services and follow
(ni smat ch). A qualitative ranking among the kinds of the structure of a service description in terms of operation
matches can be considered, thatégact > pl ug-in and corresponding I/O parameters better than traditidtal |
~ subsume > i nt ersecti on > ni smat ch. To ver- metrics, where service descriptions are simply viewed as

ify these kinds of matches, a DL-based reasoner is usedvectors of terms.

(RACER [8]). Note that, from the request viewpoint, the gy 5mnie 3.2 Let consider the request and the offer com-
fl_rst tvx_/o kinds of matches could _be conS|dereq (_equalent, pared in the Example 3.1. If we compute the similarity
since in both casgs the offer fulflls the request; |p the Case pefficients in Table 2, we have:

of subsume andi nt er sect i on match, otherwise, the

offer satisfies only partially the request. ESim(R,S) = 2.(14+1) + 21 =1.667



ENTITY-BASED SIMILARITY

, _ 2-Atot(INR,INs) | 2-A1or(OUTR,0UTs)
ESim(R,S) = =fiaTiivsr T Tovmeroors— € 10,2

INg,INg - sets of input parameter names/ofandS
OUTgr,OUTs - sets of output parameter namegoandS
Aot() - sum of values of th&lame Affinitycoefficient for all the pairs of paramete
names that have affinity; each parameter name participetesst in oneA,; () evalu-
ation

| OPERATION SIMILARITY |

=

2:Avot (INR ,INY)
[INZ |+|INE|

2-Asot (OUT), ,OUTL)
|OUTE |+|oUTE|

OpSim(ops, , opg) = N A(opl, 0pf§)+ + € [0, 3]
opls s Opé - names of-th operation ofR andj-th operation ofS

IN%,, INY% - sets of input parameter names of thth operation ofR and thej-th
operation ofS

OUT},OUTY - sets of output parameter names of it operation ofR and thej-th

operation ofS

| FUNCTIONALITY-BASED SIMILARITY |

. QAZi,j OpSi'rrL(op%z,opfg)
FSim(R,8) = “os RS ¢ 0,3

OP(R),0OP(S) - sets of operation names &f andS
| GLOBAL SIMILARITY |

GSim(R,S) = wy - NormESim(R,S) + wa - NormFSim(R,S) € [0, 1]

w1, ws - Weights introduced to assess the relevance of each kinindaety (w; €
[0, ].] andwy =1 — ’Ll}l)
NormESim(), NormFSim() - ESim() andF Sim() normalized to the rangé, 1]

Table 2. Similarity Coefficients between service descripti ons R (request) and S (supply).
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(@)
3)
(4)

(5)
(6)
(7)
(8)
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(10)
(11)
12)
(13)
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(15)
(16)
17)

(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
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(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)

FC-MATCH
Inputs: arequesik;
ServONT; DomONT; TH,
a threshold;
Outputs: a list Results of candidate concrete servic€ss
with GSim(R,CSs) > §, ranked with respect to values GfSim();

begin
load fromServONT into AS the list of abstract services;
Candidates :#; Results :={;
foreachS € AS do
if (SUBSUMPTION-CHECKING(C ATR ,C ATs,DomONT , TH) ==t r ue) then
if (S ¢ Candidates)hen
removeS from AS;
TypeO fMatchs := CLASSIFY-MATCH(R,S,DomONT ,TH);
if (T'ypeO f M atchs <> 'mismatch’)then
GSim(R,S) := EVALUATE-SIMILARITY (R,S,DomONT , TH);
add< §,TypeO f M atchs,GSim(R,S) > to Candidates;
foreachS; € AS do
if S; is a specialization of in ServONT AND
(TypeO f M atchs ='exact’ ORTypeO f M atchs = 'plugin’) then
TypeO f Matchs, = 'plugin’;
GSim(R,S;):=GSim(R,S);
add to Candidates the tupteS;, T'ypeO f M atchs,,GSim(R,S;)>;
removesS; from AS;
endif
endforeach
else
foreachS; € AS do
if S; is a generalization af in ServONT then
removeS; from AS;
endforeach
endif
endif
endif
endforeach
foreach < S, TypeO f Matchs,GSim(R,S)>¢€ Candidatesio
foreachconcrete servic€'Ss associated witks in ServONT do
add< CSs,TypeO f Matchs,GSim(R,S) > to Results;
endforeach
remove from Results the tuples with similaritys;
order tuples in Results on the basis of similarity vajue
return results;
end

Figure 2. The Fc-MATcH hybrid matchmaking algorithm.




OpSim(opt,, opfg) =14 1.667=2.667 to the following intuition: if an abstract servicg, matches
with a given service reque®, then also abstract services

FSim(R,S) = OpSim(opk,, opé) =2.667 that provide the same functionalities&f (as expressed by
means of semantic relationships) match wRh The re-

GSim(R,8)=0.5-L87 4 05. 2667 =0.862 [ sulting candidate abstract services are then replaced with
their corresponding concrete ones (rows 33-36) and only

4 Hybrid matchmaking concrete services that present a similarity degree equal or

greater than the threshoddare proposed as search results

The deductive and similarity-based matchmaking ap- (row 37). Finally, the selected concrete services are nke

proaches are combined together to enhance precision anith réspect to their similarity degree and proposed to the

flexibility of the service discovery process. The algorithm USer (rows 38-39).

for hybrid matchmaking is shown in Figure 2. The solu-

tion is primarily based on the functional comparison of ser- 5 Conclusions and future work

vice descriptions, so we called the algorith@(Functional

Comparison)-MTcH. The algorithm starts with some ini- The paper presents a novel approach to service discov-
tialization instructions (rows 6-7), loading from the ser- ery that combines a fully deductive matchmaking based on
vice ontology the list of abstract services that constitiee ~ Description Logics and a similarity-based matchmaking de-
available services to be compared with the request. Afterrived from the information retrieval area. The approachb als
performing subsumption checkitgATr C74 C ATs be- exploits semantic organization of services in a Service On-
tween service categorieslBSUMPTION-CHECKING func- tology to speed up semantic discovery. The combination
tion on row 9), the comparison is performed in three steps of two types of matchmaking strategies enhances flexibility
(rows 10-30). Firstly, through the deductive approach, the and effectiveness of the matchmaking process, while use of
kind of match between the requeBt and each available  Service Ontology improves efficiency. The experimentation
serviceS is classified CLASSIFY-MATCH function on row of the approach is in progress and is being performed in dif-
12), according to the five kinds of matches proposed in Sec-ferent application domains.

tion 3.1. Similarity evaluation is then applieBALUATE -

SIMILARITY function on row 14) to further refine and quan- References
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