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Abstract— In ubiquitous-city, a middleware is essential sice performance of the semantic service discovery irarSd.
various kinds of unified services are required in rany different Finally, section 6 gives the conclusion.

applications and flexibility of service is required It should

dynamically discover and invoke services to exploitthe

flexibility and the power of the middleware and the service Il. RELATE WORKS

discovery is very important in the middleware. In his paper, we . .
present a mechanism and elements of semantic semic CooOltown project [3], by Hewlett Packard, tries émpand

discovery which have been implemented and used inwacity the view of physical entities to a virtual world web content,
middleware which is the ever first research in theworld. We Where people, places and things are web-presertltd®m
evaluated the performance of the semantic servicastovery in does not have middleware. Its service discovedpise in the
a u-city middleware and present the performance rasgt in this  manner of being location aware but it is not seioasgrvice
paper. It is also the ever first research in the wid. discovery.

Easyliving [4], by Microsoft, aims to support theohile
Keywords—U-city, Middleware, Semantic Service Discovery, ~ computing technology for intelligent environmentadyliving
Performance Evaluation has the inconcert that is a middleware for distedu
computing not a middleware for u-cities. Easyliviprgpvides a
facility of service abstraction for division amodgvice control,
internal logic, and user interface but does notvidk® any

. INTRODUCTION semantic service discovery.

Ubiquitous computing aims to provide human-beinggw  Gaia [5], developed by University of lllinois at hima-
IT services anytime and anywhere [1]. Context-awaGhampaign, is pursuing to realize the Active Spthee merges
computing enriches ubiquitous computing by providinPhysical Space and Software Infra. GAIA infers wittany
intelligence: "Context-aware computing is commonlkinds of context information, and components in GAkrovide
understood by those working in ubiquitous computimgere context-aware service with one's functional skitirough
it is felt that context is a key in their efforts disperse and interactions each other. It supports framework riabée users
enmesh computation into our lives" [2]. to utilize resource-aware and context-aware sesviesth

The u-city middleware requires the service discpv@r current context. However, GAIA does not support @etic
find the appropriate service to user, since theeeaalot of service discovery. Although it is a kind of middies to build
services in the u-city service list. Conventionarvice active space it covers far smaller space and $arapplications
discovery cannot meet to the complex situatiorhefu-city. than those that a u-city requires. Thus we do nanhtthis as a
There have been many researches on semantic serviefty middleware. Yet there is no research on iserv
discovery in the area of World Wide Web but thesend discovery in the u-city middleware except our one.
research on semantic service discovery in a u-city
middleware. This is the world first research in ggmantic

service discovery in a u-city middleware. In th&ppr, we [ll. DESIGN DETAILS
propose a sem.antic. service discovery mechanism andGmartUM [6] is a prototype ubiquitous computing
elements in a u-city middleware. middleware for u-city as shown in Figure 1. Smartlivable

The outline of the paper is organized as follonecti®n 2 tg adapt operations of application to the curremtext without
briefly analyses related works. Section 3 and sac# explicit user intervention. SmartUM has four chaesistics.
describes the architecture of semantic serviceod&y in a First, it has the common device interface to colie data
u-city middleware, called SmartUM, and the operatiorom heterogeneous sensors and devices. Secafefjies the
(implements) respectively. Section 5 evaluates thggh level context through the intelligent inferenengine

based on ontology: the Context Converter, the GCante
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Analyser, the Context Repository and the Contexivider.
Third, it performs the service discovery semantycand
service execution using the inferred context infation: the
Service Discoverer and the Service Executor. Foutrthas
the common application interface for u-City appticas.

Application Interface

Service
Executor

Service
Discoverer

SmartUM

ware

Context Context Context Context
Converter Analyzer Repository Provider

Device Interface

Figure 1. The architecture of SmartUM

Context Convert converts data of sensors into traecxt

instance of OWL format based on domain ontology for

inference. Context Analyser reasons the contextant®
based on domain ontology and user-defined rule with
pellets reasoner [7]. It provides the context infation to
search appropriate services. It uses data thdtasged into
ontology instances. Inference rules are specifi@th ¥irst-
order logic for a variety of application [8]. Thele is loaded
at inference engine and deals with ontology insanc
Context Provider manages all of the contexts in r8uid.
When context information is requested, context uev
generates query statement and sends it to corgpasitory.

IV. CONTEXT-AWARE SEMANTIC DISCOVERY

We use a user-defined rule, specified in first-ortimic,
which is used to reason contexts. Figure 2 shoapént of the
rule used in the application of the underground ficcident
management. We use the reasoning facility provicgdiena
API [11]. The necessary and sufficient conditiorréason fire
occurrence is as follows. First of all, the tempena is higher
than the predefined value, for example, 120. Sdgortte
value from the spark sensor should be one (trublchwmeans
that the spark is detected. Finally, the value fribia smog
sensor should be one (true), which means that ke is
detected. All conditions must be satisfied at tume time.
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Figure 2. A part of the rule for the application of the underground fire
accident management
to

We extend the profile of OWL-S

‘ServiceTypé The ‘ServiceTypé predefines the type of

services in order to help the service discoveretlagsify the
services before the service matching is performed.
The ‘ServiceType’ in the domain ontology shown igufe

Context Repository executes query statement ana tf% is classified into ‘Fire’, ‘Environment’ and ‘Tific’ class.

returns context information to the context providene data
of sensor, context instances and reasoned cordextsaved
in the context repository.

Service Discoverer searches services and Servieeuix
deploys and executes them according to inferredeson
information. Service Discoverer receives the irddrcontext
from Context Provider and changes its format in\MIOS
format to do semantic matchmaking.

WSDL20OWLS [9] in Service Discoverer collects the

information of the service providers and changesnib
service ontology. Service requester and serviceigeos are
described in form of OWL-S that is one of the seevi
ontology languages. Then, the Semantic Matchmakéhné
Service Discoverer performs semantic matchmaking thie
domain ontology which provides common understanding
The Service Discoverer carries out semantic matkmga
with the Silkroad that is based on greedy algorifd@]. It
uses the domain ontology that includes a varietylagsified
services. In order to semantically match the remguiss
concept of ‘serviceType’, ‘parameters’ and ‘locatido the
provider's concept, our service ontology is extehde
include ‘serviceType’ and ‘location’ of ‘profile:Bfile’ part.
Silkroad provides ranked list according to the tama
between service requesters and service providers.
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The subclasses of ‘Fire’ are ‘FireStation’, ‘Hogfiit and
‘Police’, and the subclasses of ‘Environment’ aidoise’,
‘AirPollution’, ‘WaterQuality’ and ‘WaterQuantity’.

{ k 7ServiceType
————

/ \ \\
— |

P N . ey ~
(_ FireStation —— P " _Environment > Traffic .
o S E d T —
(_Hospital ) -~ i e
= g | ANater
(Police Water -\ quantity
Eliep Cogr,) gl

Noise I pollution ) >

Figure 3. The ‘ServiceType’ domain ontology

We
composed of five steps;
semantically, how services are advertised and ttmitextual
information is published, how users or softwarenageequest
services, how the semantic service discovery Iscagvices
that satisfy the request, and how it uses the ztusé
information to rank the matching services [12]. UflEy 4
describes the five steps.

implement semantic service discovery which
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performance evaluation experiments. We also usedifi@o

Q E— Web Service ) owls-mx [15] that was hybrid semantic web service
Service Service Serice t*|__ matchmaker. Figure 5 shows the result of the perdmce
User equest Discovery < Services . -
T evaluation experiments.

Recall/Precision

CommonKnowledge(Ontology) j 10 S

Figure 4. The mechanism of the semantic service discovery

Pracision
o

The service provider advertises services with WSDL: 04 _\
‘ServiceType’ and ‘location’ are specified by thendce as ] \
provider. Since the WSDL is described syntacticatlye ol
service is not semantically discovered. Hence, weehto s by gl \
change WSDL into service ontology in OWL-S formathw 11— - Sikroad Approach
WSDL20OWLS method to do semantic service discovery. e e e
The format of the user request is converted intoLG8V Recall
format with XML2OWLS converter in order to be uskey
the semantic matchmaker. Now, semantic matchmaker o Figure 5. Performance of the semantic service discovery

Silkroad compares the request with the advertisénmedo
matchmaking. The comparison can be performed with t

content of the profile such as input, output éerviceTypé In the Figure 5, the line A is used to check theigaf the

After the service matchmaking is performed, asrésilt, it "precision”. In line A, the value of the "recal fixed, that is,
returns the matched service list. all curves have the same "recall" value. Therefaecan find

Now, we want to rank the matched services and tWéich curve has better "precision” when the "récadilue is
context attributes such as ‘location’ are used doitd The fixed to a value or same each other. The line @sexd to check

service matchmaker refers to the value of ‘locationthe the value of the "recall". In line B, the valuetb& "precision”

Context Repository. is fixed, that is, all curves have the same "pienlsvalue.

Therefore, we can find which curve has better 'lfeednen the

"precision” value is fixed to a value or same eattter. We can

V. PERFORMANCE EVALUATION see our semantic service discovery based on Sidkebews

For the performance evaluation, we use the perfocma better performance in terms of the "precision” &mel "recall”

index of the precision and recall that are usefultlie than those which use Greedy matching or Bipartiéply based
performance evaluation of semantic web serviceotisgy in -~ Matching.

World Wide Web. A precision (1) is defined as thenber ~ Greedy matchmaking algorithm has four matching eesr

of relevant and retrieved advertisements over tmber of It has false positives and false negatives [16paBite graph

retrieved advertisements. based matching regulates false positives and fatgmtives.

However, like the previous suggestion, it does paivide

| {relevant_document} N{retrieved_documents}| (1) ranking of the matched results. [17] We use theisertype to
precision= [{retrieved _documents | classify further.

A Recall (2) is defined as the number of relevamtl a

retrieved advertisements over the number of relevan V1. CONCLUSIONS

advertisements [13]. In this paper, we have described the mechanism thad
elements of semantic service discovery in a u-titgdleware

_|{relevant_document3 N{retrieved _documents} | 2) which is the ever world first in the area of u-cityemantic

recall = | {relevant_documents} | service discovery has been actively studied and ursthe area

of World Wide Web. We applied the essence of seimant

In order to evaluate semantic service discoventhef Service discovery mechanism to the u-city middlevand
SmartUM, we used owls-tc2 [14] that provided 100$howed what and how we had done in this paper.eSimere
semantic web services written in owl-s 1.1 and @6t t has been no u-city middleware except our one, tisene well-

queries which were associated with relevance satsriduct €stablished methodology and index for the perfooean
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evaluation of the semantic service discovery iritydoefore
our work. Here in this paper, we introduced thefqremance
result when we applied the performance index whicts
used for the evaluation of semantic service disgova
World Wide Web. In the performance result, we shibtt
our

[16] Witold Bednorz, Advances in Greedy Algorithms, |-Tech, Vienna,
Austria, ISBN 978-953-7619-27-5, p. 586, Nov. 2008.

B. Umesh and R. Kulkarnilmproved Matchmaking Algorithm for
Semantic Web Services Based on Bipartite Graph Matching, IEEE
International Conference on Web Service 2007, pR62007.

(17]

approach produced good performance when we

compared our performance result with the performanc

results of other reference cases. Since our approsed in
the u-city and used for the performance evaluasion just
the first step in the area, we think it is just beginning and
have to do many things in our further research.
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