Lightweight Ontology-based Service Discovery in Mobile Ewironments*

Devis Bianchini, Valeria De Antonellis, Michele Melchiand Denise Salvi
Universita di Brescia
Dip. di Elettronica per ’Automazione
Via Branze, 38
25123 Brescia - Italy

{bi anchi n| deant one| nel chi or| sal vi }@ng. uni bs. it

Abstract defining what kind of service description is best suitable to
express both static and dynamic aspects and perform match-
The current ever-growing evolution of mobile technolo- making on these descriptions by applying different tech-
gies suggests the possibility of accessing services, itireni  niques ranging from logic-based to similarity-based strat
erant and ubiquitous way, through many kinds of mobile gies [1, 6, 7, 8, 9]. These techniques exploit some semantic
devices (laptops, palmtops, cellular phones and so on). Ondescription frameworks for services, among which OWL-
the other hand, the highly dynamic and context-dependentS [5] and WSMO [10] are the main ones. However, the
requirements of services in distributed environments-moti proposed approaches request that rather complex semantic
vate and recommend the use of ontology-based techniquedescriptions are manually added to the service; in our ap-
and tools to automatically locate services that fulfillagjiv.  proach we rely on WSDL service descriptions since WSDL
user request. has been accepted as industry standard for web service and
Our aim in this work is to propose a lightweight most of available web services support WSDL standards.
ontology-based approach to allow the service discovery onIn [12] a simple service discovery approach based on user’s
mobile terminals, taking into account limited user interac preferences is proposed for tiny mobile devices. They con-
tions supported by this kind of devices. In the proposed ap-sider a simple service ontology, where available servioes a
proach, the user can specify the requested service in termglassified by associating them to the concepts of a domain
of expected capabilities. A semantic-enriched framework ontology that can be browsed on mobile devices. Moreover,
to describe services and an ontology-based discovery ap-service discovery on mobile devices has been addressed
proach where such framework is exploited are applied to also in industry [11].
find services fulfilling the user needs, combining together Our aim is to propose a lightweight semantic-enriched
different kinds of comparison strategies that provide aflex framework to describe services and an ontology-based dis-
ble and efficient matchmaking between service descriptionscovery approach where such framework is exploited and to
adapt it to the service discovery on mobile terminals, tak-
ing into account limited user interactions supported by thi
kind of devices. In the proposed approach, the user can eas-
1 Introduction ily specify the requested service in terms of expected capa-
bilities and requested services fulfilling the user needs ar
found, combining together different kinds of comparison

The current ever-growing evolution of mobile technolo- trategies that provide a flexible and efficient matchmaking

e o usets I acsess serves g imany K hetueen senice descrpions
on). On the other h[;ng ’ngantig \;Veb techn%lo ies, in par- The paper is organized as follows: Section 2 describes
S ' . g1€s, In par-y, lightweight ontological framework exploited for ser®i
ticular ontology-based techniques and tools, are expldite . . . . . .

: . T . discovery, as explained in Section 3; Section 4 concludes
add semantics to service descriptions and to automatically, . :

. ) . Co the paper and underlines possible future work.

locate services that fulfill a given user request in highly dy
namic environments. . ) . . o
Current approaches to automatic service discovery aim a2~ Lightweight semantic service description
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presented in [2]. In this work we describe how we adapted facilities and points of interest such as hospitals or rescu

it to take into account mobile environments requirements areas). The emergency service centre looks for requested
by developing a so calletightweight ontological frame-  services and it is also able to locate (through the GPS sys-
work, to indicate that the adaptation involves a simplified tem) and identify the kind of device from which the request
approach to service discovery to cope with the limited ca- is sent.

pabilities of mobile devices. In fact, the presented apgioa To perform the evacuation task it is important to know
focuses on specifying few elements (the requested servicevhat are the transport facilities and the rescue areas where
service operations and outputs) in the request formulation people could be transfered. Through a mobile device with
This is the basis to define simplified user interfaces and in-a suitable service discovery interface, the following resju
teractions that are suitable to the limited interface cdpab could be sent to the emergency service center:

ties of mobile devices. Request 1 = 3JhasOperati on. di spl ayMap 1l
According to the WSMO approach [10] a service is the ShasCQut put . streets M
provision of value for the requester in some domain. The ShasQut put . r escueAr ea

value provisioning in some given domain has priority on  On the other hand, firemen involved in putting out the fire
how the requester and the provider interact. A requester isshould have information about gas pipes, water resources
therefore interesteth primis in what a service is able to  and streets, sending a request like the following:

provide him, then how the service goal is achieved or what  gequest 2 = 3hascperati on. di spl ayMap M

is needed to enable service execution. As a consequence, a ShasQut put. streets M
service request should mainly express what are the expected ShasQut put . gasPi pes M
capabilities of the service. 3hasQut put . wat er Pi pes O

In the WSDL document, that describes the interface of
a service, the expected capabilities of a service can be de- 1o improve the efficacy and efficiency of service re-
scribed by the operations and the output parameters. Repretrieval, considering in particular dynamic mobile environ
senting these features with a Description Logic expression ments, however, additional semantics should be associated
a service can be described as a conjunction of: to service description. To do this, service descriptiors ar
embedded in a domain-dependent ontological framework
composed of a Domain Ontology, a Thesaurus and a Ser-
vice Ontology. In this section, we discuss how these three
components are related and in Section 3 we will show how

e One or more concepts in the forBhasOutput.OUT, they are exploited for service discovery and selection- Fig
whereOUT is a concept representing an output of the Ure 1 shows a portion of the ontological framework used for
service;,OUT can be defined as an atomic concept, an the domain of our reference scenario.
enumeratio{ o1, 0, . . . 0, } of nominals or a complex The upper layer of the framework presents a taxonomy
concept obtained by applying theersectioroperator ~ Of Subject categories, giving a topic-driven access to the

(r), the union operator (J) and thenegationoperator ~ underlying layers. Selecting a Subject category it is possi
(-). ble to restrict the search of desired services to a particula

domain, referring to a particular Domain Ontology that is
Example 2.1 We explain our approach by means of a run- related to the chosen category. Subject categories are ob-
ning example throughout the paper. We consider the prob-tained from standard available classification just userhin t
lem of fireman squads that want to optimize their work in ditional UDDI Registries. The Domain Ontology is used
emergency situations. In particular, the focus is on the fol to represent the domain knowledge through the conceptual-
lowing scenario: fireman squads reacting to a toxic cloud izations of the elements used in service descriptions {oper
spreading from a fire in a chemical industry. The compo- ation names and output parameters), organized into gener-
nents of squads are equipped with mobile devices (PDAs oralization hierarchies. The Thesaurus (automaticallyeelri
smart phones). Firemen should be able to locate emergencyfrom available lexical systems such as WordNet) is used to
area and features (hospitals, rescue areas or other elesnent relate names of concepts of the Domain Ontology to other
of interest) on mobile devices. Each mobile device commu-terms by means of terminological relationships (esgn-
nicates with a emergency service centre, requesting ®3vic onymy hypernymyetc.) in order to extend matching pos-
that provide useful information to manage the emergency.sibilities between the concept names used in the service re-
In particular, are tipically requesting maps with aerial ph guest and the names used in the descriptions of provided
tos, streets, gas pipes, water pipes and so on. Emergencgervices. The Service Ontology is used to organize ser-
squads are divided in two teams: the first team is in charge vices on different levels of abstraction, distinguishirey b
of putting out the fire (and needs information about gas tween Abstractand Concreteservices. Abstract services
pipes, water resources and streets), while the second one irare connected to the outputs they provide and to the capa-
evacuating people (requesting information about transpor bilities they perform by means of links to the concepts of

e a concept in the formdhasOperation.OP, where
OP is an atomic concept representing an operation
performed by the service;
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Figure 1. A portion of the ontological framework exploited i n the domain of geographic information

services.

the Domain Ontology. They have been introduced to rep- ships. Thélr anspor t Det ai | edVi ewAbstract service
resent sets of similar Concrete services, differentiated b provides all the features of the first one, but additionally
quality parameters such as the kind of device or the locationit can render more detailed vectorial maps where urban
for which they have been implemented. Similarity among streets are visualized and points of interest such as hospi-
Concrete services is established by applying the same coeftals or rescue centers can be localized.
ficients used for similarity-based matchmaking strategy in 0
troduced in Section 3.1. Concrete services, positiondtdn t
lower level of the Service Ontology, are the directly invo- . . .
cable services implementing the %ﬁctionalities reprytmlan 3 Service discovery and selection
by Abstract ones. Abstract services can also be organized
into generalization hierarchies: we say that an Abstraet se ~ After identifying the domain of interest by means of the
viceis a specialization oinother one if it provides at least taxonomy of Subject categories, the discovery and selectio
the same outputs and performs the same capabilities or proef services that are suitable for user preferences is aain
vides/performs more specific outputs/capabilities. in two phases: (i) a hybrid matchmaking approach based
on the ontological framework is firstly applied on the set of
Example 2.2 Figure 1 shows a portion of the ontological Abstract services to find services that match the user needs
framework used in the domain of geographic information from the functional viewpoint; (ii) once the suitable Ab-
services that can be used by the emergency service centrestract service has been identified, corresponding Concrete
Abstract services are related to ontological conceptseepr services are ranked and further refined taking into account
senting their capabilities and information they provider F  the user position and the kind of device. Figure 2 shows
example, théfr ansport Vi aSat el | i t e Abstract ser-  the overall procedure. The proposed ontological framework
vice provides satellite maps overlapped with the network is built upon traditional UDDI Registries: the Service and
of transport facilities (streets and railways). Abstraetrs Domain Ontologies are expressed using the OWL-DL lan-
vices can be related by means of generalization relation- guage and contain references to the descriptions of Con-



crete services in the underlying UDDI Registry, where their where weightsv; andws, with wy, we € [0,1] andw; +
WSDL and URLSs to their implementation on the net are w, = 1, are introduced to assess the relevance of each kind
stored. The results of the overall discovery procedure is aof similarity in computing the global similarity coefficien

list of links to these implementations on the Web, where the

Concrete service execution takes place. 3.2 Deductive strategy

The deductive strategy relies on a non standard test
(namedC C74 D) that we proposed in [3] and that is
— % based on the semantic relationships in the Domain Ontol-
ogy and the affinity according to the Thesaurus.
e
C‘A}m Definition 3.1 (Affinity-based subsumption checking)
ot = Given the Domain OntologPomONT, the thesaurus

S—
T'H and a pair of concepts’ and D with names:,, and

Ontologicalframework o d,, respectively( is subsumed by with respect tol 'H,
denoted byC' Cr4 D, if and only if one of the following
conditions holds:

|
E> % e C,D € DomONT and (C C D) is satisfied in
DomONT,

&<
e onlyC € DomONT andGC(C)NDzy # 0, where
Figure 2. Ontology-based service discovery GC(C) = {X € DomONT|C C X} and Dz is
and selection in mobile environments. the set of terms that have name affinity with that is,

D1y =A{y € TH|(dn ~ y)};

The hybrid approach combines two kinds of strategies: a | only D € DomON'T andSC(D) N Cry # 0, where
deductive strategybased on Description Logics, to assess SC(D) = {X € DomONT| X C D} and 'CTH is
the type of match among services, andimilarity-based the set of terms that have name z;ffinity withthat is
strategy exploiting properly defined metrics [4] to measure Crw = {y € TH|(cp ~ y)} ' '
the degree of match among services and to rank selected " '
services. The hybrid approach has been described in more
details in [2] and in this work will be adapted to the mobile Note that we pos€’ =73 D if both ¢ Ly D and

context. D E7y C hold. O
3.1 Similarity-based strategy This kind of subsumption checking between concepts is
exploited to verify the kind of match between the Descrip-

The Thesaurus is exploited to compute Aféinity coef- tion Logic expressions that describe an advertiserfentd

ficient between names of output parameters and operation& requesR. Following general guidelines in the current lit-

by measuring their terminological relationships [4]. erature, we define five kinds of match, that can be intuitively
The similarity between a service requéstind an offer ~ described as follows:

S is computed through two properly defined coefficients: an - exact matchwhen the request and the offer present the

entity-based similaritycoefficient (£Sim), that measures ~same functionalities (this is a strong condition);

how much the compared service descriptions provide the- plug-in match when the offer provides at least the re-

same outputs, and fanctionality-based similaritycoeffi- ~ quested functionalities and possibly adds new ones;

cient (FSim), that aims at measuring how much the two - subsume matclwhen the functionalities provided by the

services provides the same capabilities. These coefficient offer are less than the requested ones (it is likeg-in

are based on the Dice’s formula and are tailored to com-match but with the roles ofR andS exchanged);

pare service representations presented in Section 2. They intersection matchwhen the request and the offer present

are normalized into the range [0,1] and combined togethersome common functionalities;
to give an overall evaluation of service similarity: - mismatchwhen no common functionalities exist between

_ ‘ the request and the offer.
GSim(R,S) = w1 - NormESim(R, S) + These five kinds of match are formally defined in Ta-

+ws - NormFSim(R,S) € [0,1] (1) ble 3.2.



| Match Formal definition | intuition: if an Abstract servic&, matches with a given ser-

Exact Vopi, Jop’ such that vice request, then also Abstract services that provide at
least the same capabilities 8f (that is, are specializations

of S,) match withR. Finally, note that the discovery pro-

cess is applied at the level of Abstract services. Once the de

sired Abstract service is found, its corresponding Comcret

services are proposed among the searching results without

(Name_opr Ty Name_ops) any further application of the discovery algorithm.
andVout’ Joutk such that

(ouﬁéb2 Cru outfg)
Subsune Vopls Jopi, such that

(Name_opt, =73 N ame_op?s)
andVout), Joutk such that
(outl, =74 outk)
Pl ug-in Vop%, Jops such that

Example 3.1 TheRequest 1 presents @l ug- i h match
with the Tr ansport Det ai | edVi ew Abstract service,

j 5 since
(Name_opl C14 Name_opl) - -
k h aMme_OPR ame_ops
andvout$ Jout’ such that drsplayVp =55 Vi evivep
(O’utf% ETH out%) out;"2 outg
. ; 7 streets Crn transportFacilities
I ntersection | JopYk,ops such that rescucArea Care  pointOklnterest

(Name_opy Exn N ame_op’s or

y . In this case, only the deductive strategy is applied and
Name-ops C1y Name_opi) Or Y gy IS app

the similarity between these two services is directly sét to

Jout, OUtfsk such that The Concrete servicesmww. ar cwebser vi ces. com
(out Sy out’ or www. mar 0s. com} are proposed to the selection phase
outls Ty outly) with a degree of similarity equal to 1.
M smat ch Otherwise On the other hand, Request2 and the

GasWat er Det ai | edVi ew Abstract service present

" . ) ani nt er sect i on match, since
Table 1. Formal definitions of the five kind

: Name_opr Name-ops
of match between an advertisement S and a T SplayMap T, Vi ewbot & TedNEp
request R. out?2 outg

gasPi pes Crn publ i cServices
wat er Pi pes Crn publ i cServi ces

) In this case the similarity strategy must be applied to
3.3 Hybrid matchmaker quantify how much the advertisement is suitable for the re-
quest.
The deductive and similarity-based approaches are com- 0
bined to enhance precision and flexibility of the matching
process [2]. Firstly, the deductive strategy is applied to 3.4 Context-aware service selection
classify the kind of match between the requRsand each
available service, then similarity evaluation is performed Once the candidate Concrete services have been obtained
according to the following rules: from the discovery phase, they are filtered with respect to
- if exactor plug-in matchoccurs, from the request view- the type and the position of the requesting device. We as-
point the offer provides completely the requested funetion sume that each device is equipped with a GPS system or
alities, soGSim(R,S) is directly set to 1 (full similarity) another positioning system and that the central unit is able

without computing the similarity coefficients; to locate it with a satisfying precision. We model the loca-
- if mismatchoccurs,GSim(R,S) is directly set to zero; tion as shown in [4], where it can be identified by zero or
- if subsumeor intersection matctoccurs, the offer ful-  moreGeo Positionsi.e., latitudes and longitudeBjstricts,

fils the request only partially and similarity coefficientea e.g., special-interest ared®@wnsandCountries Denoting
computed to quantify how much the offer satisfies the re- with Location(R) and Location(S) the information about
quest; in this case7Sim(R,S) € (0,1). the position of the requesting device and the information
Only available services for which theSim(R,S) value about the location for which the servie¢gis provided, re-

is equal or greater than a given threshglére proposed  spectively, we filter out the Concrete serviSg from the
among the searching results. The application of this hybrid results if the conditiorLocationR) C LocationS;) is not
approach ensures flexibility and decreases false negativessatisfied (see [4]). We assume that such a comparison is per-
since not onlyexactor plug-in matchare considered, but formed in the basis of information stored in the central,unit
also partial matches are taken into consideration by etralua together with a table stating the maximum and minimum
ing the similarity degree. Moreover, generalization hiera definition admitted for each kind of device: this informa-
chy of Abstract services is exploited to make more efficient tion is exploited to filter out services whose outputs cannot
the service discovery procedure, according to the follgwin be provided on the requesting device.



4 Summary and future work

In this paper we have lightweighted the ontological
framework introduced in [2] to cope with dynamic mobile
environments. In this version of the framework we consid-
ered only generalization/specialization hierarchiesveen
concepts and services (that, is, the most intuitive kindeef s
mantic relationship for the user) and we have modeled in a
more compact way the Domain and the Service ontologies.

The proposed lightweight framework is suitable to work
within a mobile environment not only because of the simpli-

[3] D. Bianchini, V. De Antonellis, M. Melchiori, and

(4]

fied way to express the service request, but also because it[5]

adapts itself to the dynamicity of the mobile environments.
We distinguish among two kinds of dynamicity: the func-
tional one and the location of user. In the first case, the
user changes his functional needs, requesting, for exam-
ple, additional or different outputs or capabilities. Insth
case, starting from the current Abstract service, semantic
relationships can be followed to visit first the Abstract ser
vices that are semantically related to the current one. ©n th
other hand, the user can change his position on the territory
and the system keeps into account this aspect in propos-
ing the services. In this case, the Abstract service is al-
ways the same and suitable Concrete services for the new
user’s requirements are searched for inside the set of Con-
crete services associated to the current Abstract one; with
out re-applying the whole matchmaking algorithm. This en-
hances performances of our system even if we work in an
environment where user’s requirements change very often.

Future work will investigate in more detail these aspects
to better manage dynamicity of mobile environments and
will study other application scenarios where the approach
proposed in this work can be applied. The experimentation
will be conducted in the context of ESTEEM Project plat-
form (http://www.dis.uniromal.it/ esteem/).
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