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1. Introduction

Locatinganetwork serviceor adeviceondemandis achal-
lengingtaskfor enablingmobileandpervasivecomputing.
Thereexists a variety of network protocolsand architec-
turesthatenableanapplicationto discover a network ser-
vice with little manualconfiguration.Most existing work
supportsan attribute-baseddiscovery aswell asa simple
namelookup to locatea service.Usually thereareonly a
setof primitive attribute types,suchasstring andinteger,
to characterizea service.Thus,theservicediscovery pro-
cessis primarilydoneby typematching,stringcomparison,
or integer comparison.Whentherearecomplex attribute
types,suchasin Jini (Edwards,2000),theservicediscov-
ery is doneby exactly matchingattributevaluesin a query
with thosein aregistration.For representingrealworld ob-
jectssuchasnetwork services,it is necessaryto havemore
complex datastructuresto capturerichersemantics.More-
over, a usermay not be able to specify the exact values
of interestedattributes. Thus,approximatematchingsare
desirable.To thebestof our knowledge,no existing work
allowsbothaservicedescriptionwith arbitrarycomplex at-
tributetypesandasetof meaningfulcomparisonoperations
basedon thesemanticsof thoseattributes.For example,if
aservicehasanattributethatspecifiesits 3-dimensionGPS
location,it is difficult for a client to posea querywith the
exactvalueof theattribute.A clientusuallywantsto find a
servicethatis closeto it. Thenotationof physicalproxim-
ity is bestcapturedby comparingthedistancebetweentwo
locations,insteadof syntacticallycomparingtwo location
expressions,or comparingthevaluesindependentlyateach
dimension.

In thispaper, wearticulatetheconceptualissuesinvolvedin
servicediscoveryprotocols.Structuredservicerepresenta-
tionsarenotsufficientto definedatasemantics.Theseman-
tics of datais conveyed by how dataare interpreted.We
alsopresenta framework for discoveringanetwork service
basedon the semanticsof its representation.The frame-
work canalsobeappliedto discoveringgeneraldistributed
objects.
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2. The Design Framework

As in most existing servicediscovery work, we assume
therearethreecomponentsin thesystem,which area ser-
vice agent,a client agentanda directoryagent.A service
agentregistersits descriptionwith a directoryagentanda
client agentrequestsa serviceby submittinga queryto the
directoryagent.Theuniquepointsin our framework lie in
theway servicesaredescribed,queriesareformatted,and
queriesanddescriptionsarematched.

2.1 Ontological Level Issues

In themobileandpervasivecomputingenvironment,there
aretwo problemsneededto be solved. First, how doesa
client discover a service?Second,how doesa client usea
service?For a client to beableto usea service,it expects
to get a reply pointing to the “right” serviceafter it poses
a query for that service. For example,the client who is-
suesaqueryfor “printer” shouldgetareply thatpointsto a
printerservice.This requiresthatboth theserviceandthe
clientagreeonthemeaningof “printer”. As computerscan
do nothingbut symbolcomputing,this agreementis actu-
ally onebetweenhumanswho createthe queryandthose
who createthe servicedescription. Figure1 shows what
happensin this process.First,a humanformsa conceptual
modelabouta real world objector an object type, which
is a setof objectsthatsharecommonfeatures.Second,to
enablecommunication,sharedsymbolsarecreatedamong
humansto representtheconceptualmodel.We call this set
of sharedsymbolswith agreedmeaningsasharedontology.
The ontologyreflectsthe sharedconceptualmodelof the



service,which includeswhata serviceis capableof doing
(e.g. the functional interfaceof the service),the termsin
which theserviceis described(e.g.,the datatypesfor de-
scribing the service)andthe meaningsof the terms(e.g.,
what they standfor and what operationsare allowed on
them).This sharedontologyis passedto softwarethrough
the efforts of programmersor softwareusers. Therefore,
thesoftwareproducedwill show behaviors consistentwith
human’s conceptualmodel. For the servicediscovery to
work, we require that in our framework, the client of a
serviceand the servicesharea commonontology on the
servicerepresentation,which is ultimatelysharedbetween
humanswho createtheservicedescriptionandwho create
thequery.

2.2 The Logical Structure of a Service Representation
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Figure2. An Exampleof aServiceRepresentationof Primitive Types

In mostof theexistingservicediscoveryarchitectures,fea-
turesof aservicearerepresentedby asetof attribute-value
pairs. The logical structureof the representationcan be
viewed as a one-level tree, as shown in Figure 2. This
modelis limited becauseit doesnot have enoughcomplex
datastructuresto capturearbitraryservicemodels. In our
framework, a serviceis modeledby anarbitrary-depthtree
structure.Figure3 showsanexample.For a complex type
suchasGPSLocation, a simplefloating point comparison
at eachdimensionmaynot make sense.A naturalway of
usingthis informationis to matchit with a servicewithin
somedistancefrom theclient. Thus,a complex typesuch
as the GPSLocation may requirea customizedmatching
operationthatcapturesthesemanticsof thetype.

2.3 Semantic Aware Query-Representation Matching

A directoryagentis expectedto cachea varietyof service
representations.Thusit is difficult for the directoryagent
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Figure3. An Exampleof aServiceRepresentationof Complex Types

to know the semanticsof all datatypesfor heterogeneous
servicerepresentations.Moreover, it is impossiblefor the
directoryagentto predicatewhat datatypeswill be used
in the future. However, asthe functionality of a directory
agentis to matcha queryagainstservicerepresentations,
unlike clients and services,the directory agentdoesnot
have to know the full semanticsof therepresentations.To
enablesemanticservicediscovery, adirectoryagentneedto
understandhow to matchtwo valuesgiven any datatype,
which may include: 1. whethertwo valuesareequivalent
(the equivalencerelation); 2. whethertwo valuesareap-
proximateequivalent accordingto a user’s criterion (the
approximatelyequivalencerelation);3. whetheronevalue
is “less” thananothervalue(thepartialorderrelation).For
example,adirectoryagentdoesnothaveto know themean-
ingsof “60 minutes”and“an hour”,but it shouldknow they
aresemanticequivalent,despiteof thedifferentsyntaxes.

To achieve thefunctionalityof semanticservicediscovery,
we introducemobile code in our framework. A service
representationalsospecifiestheoperationsfor matchingor
comparingnew datatypesusedin its representation.The
operationsarespecifiedby code. On the serviceregistra-
tion, the directoryagentuploadsthe codeassociatedwith
new datatypes.Whenprocessinga querythatcontainsthe
new datatypes,the directoryagentcalls the codeto com-
parethevaluesin thequeryandthevaluesin aservicereg-
istration. Therefore,the directoryagentis ableto support
semanticservicediscovery for arbitrarydatatypes,includ-
ing thoseunknowntypeswhenthedirectoryagentsoftware
is built.

3. Implementation

In our implementation,we choseXML asthe servicede-
scriptionlanguage.Despiteits verbosity, XML is a well-
definedlanguageandeasyto use. We chooseJava byte-
codeasthemobilecode,for its wide availability andflex-
ible securitymodel. The prototypeis still underdevelop-
ment.

4. Conclusion

In this paper, we describeda framework to enableseman-
tic servicediscovery in the mobileandpervasive comput-
ing environment.For moredetails,pleaseseetheextended
versionof this paper(Yang,2001).
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