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Abstract
The emergenceof mobile devicesand wirelessnetworks
has createda new path in the field of e-commerce: “m-
commerce”. Significant research is needed,in the field
of servicediscovery, to supportm-commerceapplications.
Variousnew applications,thatwoulduseservicesavailable
to a mobile device from both the fixed networkbackbone
and peermobiledevicesin its proximity, are beingdevel-
oped.M-commerceapplicationshavethechallengingtask
of discoveringservicesin a dynamicallychangingenviron-
ment.TheDARPA AgentMarkupLanguage (DAML) is an
important tool in the processof developingthe Semantic
Web. In this paper, wepresenta dynamicservicediscovery
infrastructure that usesDAML to describeservicesand a
Prolog reasoningengineto performmatching usingthese-
manticcontentof servicedescriptions.We believethat the
architecturewehavedesignedis a necessarycomponentof
anym-commerceinfrastructure.

1. Intr oduction
The last few yearshas seenan exponentialgrowth in

theusageof wireless-enabledhandhelddevices. This sug-
gestsa changein the way mobile devices are being used
now-a-days. In addition to beingusedasstandaloneper-
sonalorganizers,thesedevicesarebeingincreasinglyused
to accessthe Internet. For example,mostPalm Pilots are
being shippedwith AOL. This hasstarteda new field of
e-commerce:m-commerce. In the near future, we envi-
sion Palmsusingshortrangead-hocnetworking technolo-
gieslike Bluetooth,to interactwith eachother, possiblyto
supportm-commerceapplications. In suchan ad-hocen-
vironment,we envision oneor moredevicesproviding and
usingservices.

As businessesoffer varioustypesof servicesto theircus-
tomers,servicediscoverywill becomevery important.Ser-
vicesaredeployedin variousformsandwith differentlevels
of complexities. Someservicesmight be more software-
oriented,such as personalbankingvia cellular phoneor
finding a closestrestaurantin a local area. Someservices
might be morehardwareoriented,suchassubmittingpic-
turesfrom a digital camerato a color printeror controlling
homedevices(VCR, SecuritySystemsetc.)by usingamo-
bile device remotely. No matterwhat forms the services

take, it is importantfor customersto beableto find thede-
siredserviceseffectively andcorrectly.

In anad-hocenvironment,a priori informationand/orde-
scriptionof theservicesis,moreoftenthannot,unavailable.
This is becausethe locationof deviceswould be changing
continuously. It is alsoimpracticalto assumethat the mo-
bile device would have an enumeratedlist of all possible
servicesandtheir interfaces. Therefore,a flexible service
discovery infrastructureis an importantbasefoundationof
thefuturem-commercemarket.

Currentlyexisting servicediscovery techniquesusesim-
ple interface-basedor attribute-basedmatching. Service
discovery is effectively doneat a syntacticlevel. We argue
thatsyntacticlevel matchinganddiscovery is inefficient in
a mobile environment. This is dueto the heterogeneityof
serviceinterfacesin sucha domain. For example,we can
have thesameserviceimplementdifferentinterfaceswhich
could result in the failure of a syntacticmatchif the ser-
vice querydoesnot matchwith any interface. Therefore,
thereis a needto discover servicesin a semanticmanner.
An effort hasbeengoingon in theWorld WideWebto pro-
videricherandmachineunderstandabledescriptionsof web
pages[3]. TheDAML initiativeis aneffort to designanon-
tologyto describemetadataaboutwebsites.Webelievethat
this ontologycanalsobeusedto describedomainspecific
m-services.We can usethe featuresof DAML to reason
aboutthecapabilitiesandfunctionalityof differentservices.

The rest of the paperis organizedas follows: In sec-
tion 2 we describesomeexisting servicediscovery archi-
tecturesthatwehavesurveyed.In section3 wedescribethe
drawbacksof theseexisting servicediscovery mechanisms
with respectto the demandsof the future service-oriented
e-market. We alsodescribethebasicsof intelligentservice
discovery protocols. In section4 we describethe DARPA
Agent Markup Languageandits utilities. In section5 we
describethe DReggie - a Jini basedservicediscovery in-
frastructurewhich usesthe reasoningservicesoffered by
DAML to do a semanticallyricher servicediscovery. We
presentourconclusionsin section6.

2. Existing ServiceDiscovery Infrastructur es

In this section,we describecurrentservicediscovery in-
frastructures,thathave becomepopulararewidely usedon



wirednetworks.Someof theseinfrastructures,likeSLPand
Jini areplatformandcommunicationprotocoldependent.

The ServiceLocationProtocol(SLP) [7] is a language-
independentprotocol for automaticresourcediscovery on
IP networksutilizing anagent-orientedinfrastructure.The
basisof the SLP discovery mechanismlies on predefined
serviceattributes,which canbe appliedto universallyde-
scribeboth softwareandhardwareservices.The architec-
tureconsistsof threetypesof agents:UserAgent,Service
AgentandDiscoveryAgent.TheUserAgentsareresponsi-
ble for discoveringavailableDirectoryAgents,andacquir-
ing servicehandleson behalfof end-userapplicationsthat
requestservices. The ServiceAgentsare responsiblefor
advertising the servicehandlesto Directory Agents. Di-
rectoryAgentsare responsiblefor collecting servicehan-
dles and maintainingthe directory of advertisedservices.
SLP usesmulticastingfor serviceregistrationanddiscov-
ery, andunicastingfor servicediscoveryresponsesfrom Di-
rectory/ServiceAgents.

Jini [2] is a distributedservice-orientedarchitecturede-
velopedby SunMicrosystems.Jini servicescanberealized
to representhardwaredevices,softwareprogramsor acom-
binationof thetwo. A collectionof Jini servicesformsaJini
federation.Jini servicescoordinatewith eachotherwithin
the federation. The overall goal of Jini is to turn the net-
work into a easilyadministeredtool on which humanand
computationalclientscanfind servicesin a flexible andro-
bust fashion.Jini is designedto make the network a more
dynamicentity thatbetterreflectsthedynamicnatureof the
workgroupby enablingtheability to addanddeleteservices
flexibly.

Oneof thekey componentsof Jini is theJini LookupSer-
vice(JLS),whichmaintainsthedynamicinformationabout
the availableservicesin the Jini federation.Every service
mustdiscoveroneor moreJLSbeforeit canentera federa-
tion. Thelocationof theJLScouldbeknown beforehand,
or they maybediscoveredusingnetwork multicast.A JLS
canbepotentiallymadeavailableto the local network (i.e.
thelocal LAN) or otherremotenetworks(i.e. theInternet).
TheJLScanalsobeassignedto havegroupnamessothata
servicemaydiscoveraspecificgroupsin its vicinity.

WhenaJini servicewantsto join aJini federation,it first
discoversoneor many JLS from the local or remotenet-
works. The servicethen uploadits serviceproxy (i.e. a
setof Java classes)to the JLS.This proxy canbe usedby
theserviceclientsto contacttheoriginalserviceandinvoke
methodson the service. Serviceclients interactonly with
the Java-basedserviceproxies. This allows varioustypes
of services,bothhardwareandsoftwareservices,to beac-
cessedin a uniform fashion.For instance,a serviceclient
can invoke print requeststo a PostScriptprinting service
evenif it hasno knowledgeaboutthePostScriptlanguage.

UniversalPlugandPlay(UPnP)[10]extendstheoriginal
Microsoft Plug andPlay peripheralmodel to supportser-

vicediscoveryprovidedby network devicesfrom numerous
vendors.UPnPworksanddefinesstandardsprimarily at the
lower-layernetwork protocolsuites,sothatthedevicescan
natively, i.e., languageandplatformindecently, implement
thesestandards.UPnPusesthe SimpleServiceDiscovery
Protocol(SSDP)for discoveryof servicesoverIP networks,
which canoperatewith or without a lookup servicein the
network. In addition,the SSDPoperateson the top of the
existing openstandardprotocolsutilizing HTTP over both
unicast(HTTPU) andmulticastUDP (HTTPMU). Whena
new servicewantsto join the network, it transmitsan an-
nouncementto indicateits presence.If a lookupserviceis
present,it canrecordthis advertisementto besubsequently
usedto satisfyclients’servicediscoveryrequests.Addition-
ally, eachserviceonthenetwork mayalsoobservethesead-
vertisements.Whena client wantsto discover a service,it
caneithercontacttheservicedirectly throughtheURL that
is storedwithin theserviceadvertisement,or it cansendout
amulticastquerymessage,whichcanbeansweredby either
thedirectoryserviceor directlyby theservice.

Salutation [1] is an open standard, communication,
operating-system,and platform-independentservice dis-
coveryandsessionmanagementprotocol.Thegoalof Salu-
tation is to solve the problemof servicediscovery anduti-
lization amonga broadsetof appliancesandequipmentin
a wide-areaor mobile environment. The architecturepro-
videsapplications,servicesanddefinesa standardmethod
for describingandadvertisingtheir capabilities,aswell as
locatinganddeterminingotherservicesandtheir capabili-
ties. In addition,theSalutationarchitecturedefinesanentity
calledtheSalutationLookupManager(SLM) thatfunctions
asa servicebroker for servicesin the network. The SLM
can classify the servicesbasedon their meaningfulfunc-
tionality, calledFunctionalUnits (FU), andtheSLM canbe
discoveredby botha unicastanda broadcastmethod.The
servicesarediscoveredby theSLM basedon a comparison
of the requiredservicetypeswith the servicetypesstored
in the SLM directory. The servicediscovery processcan
be performedacrossmultiple Salutationmanagers,where
one SLM representsits client while communicatingwith
anotherSLM, to discoverservices.

3. Drawbacksof Existing Techniques

We believe that existing servicediscovery architectures
likeSLP, Jini, UPnPandSalutation,althoughpopular, have
afew limitationswhichmakesthemunsuitablefor widede-
ployment in the m-commercedomain. We briefly discuss
andanalyzetheselimitations.

� Lack of Rich Representation: Servicesin the eMar-
ket areheterogeneousin nature. Theseservicesshouldbe
definedin termsof the their functionality andcapabilities.
The functionality andcapabilitydescriptionsof theseser-
vicesshouldbeusedby theserviceclientsto discoverthem.



The existing servicediscovery infrastructureslack expres-
sive languages,representationsand tools that are good at
representinga broadrangeof servicedescriptionsandare
goodfor reasoningaboutthefunctionalityandthecapabili-
tiesof theservices[4].� Lack of Constraint Specificationand Inexact Match-
ing: In the existing servicediscovery infrastructures,it
is impossibleto find serviceswhich requirea specificat-
tributevaluethatcanchangebasedon thedynamiccontent
of the environment. In addition, servicefunctionality are
describedat the syntaxlevel or object level. This makes
it difficult to apply approximatematchingrules. For ex-
ample, if the client is attemptingto discover a black and
whiteprinter, anapproximatematchingrulewould succeed
onfindinga colorprinter.� Lack of Ontology Support: Services in the m-
commercearenaneedto interactwith clientsandotherser-
vicesacrossenterprises.Servicedescriptionsandinforma-
tion needto be understoodandagreedamongvariouspar-
ties. In otherwords,well-definedcommonontologymust
be presentbeforeany effective servicediscovery process
can take place. Commonontology infrastructuresare of-
ten eithermissingfrom or arenot well representedin the
existing servicediscovery architectures.Architectureslike
ServiceLocationProtocol,Jini andSalutationdo provide
somesort of mechanismsto captureontologyamongser-
vices.However, thesemechanismslikeJavaclassinterfaces
andad-hocdatastructuresaredifficult to bewidely adapted
by the industriesto becomestandards. In the Universal
PlayandPlug(UPnP)architecture,servicedescriptionsare
representedin XML (eXtensibleMarkupLanguage),which
providesa goodbasefoundationfor developingextensible
andwell-formedontologyinfrastructure.However, service
descriptionsin UPnPdoesnotplayarole in theservicedis-
coveryprocess.

4. DAML: The DARPA Agent Markup Lan-
guage

DAML is asemanticlanguagebeingdevelopedby acon-
sortiumof U.S. locatedacademicandbusinessresearchers
to addressthe WWW’s limitations in providing machine-
readableandmoreimportantlymachine-interpretableinfor-
mationover theInternet.

Consequently, the goal of DAML is to enablethe trans-
formation of the presenthuman-orientedWeb, which is
largely usedasa text andmultimediarepositoryonly, into
aSemanticWebasenvisionedin [3]. This processinvolves
theaugmentationof thewebpageswith additionalinforma-
tion anddatathatareexpressedin awaythatfacilitatestheir
understandingby machines.

Thedevelopmentof DAML is baseduponthecapabilities
of an alreadyexisting syntacticlanguage,the eXtensible
Markup Language(XML)[8]. The ResourceDescription

Framework andResourceDescriptionFramework Schema
(RDFS)[6]areXML applicationsthatprovide a numberof
preliminarysemanticfacilities requiredfor the realization
of theSemanticWebvision.

XML was developedby the World Wide Web Consor-
tium (W3C) asa standardfor alternative dataencodingon
the Internetthat was primarily intendedfor machinepro-
cessing.TheXML standardprovidesthenecessarymeans
to declareandusesimpledatastructures,which arestored
in XML documentsand are machine-readable.However,
sinceXML is definedonly at thesyntacticlevel, machines
cannotbeguaranteedto unambiguouslydeterminethecor-
rectmeaningof theXML tagsusedin a givenXML docu-
ment,andconsequentlyXML cannotbeusedasa language
for representingany complex knowledge.

The W3C has thus developedRDFS with the goal of
addressingthe deficienciesof XML by addingformal se-
manticson the top of XML. Thesetwo standardsprovide
the representationframeworks for describingrelationships
amongresourcesin termsof namedpropertiesandvalues,
whicharesimilar to representationframeworksof semantic
networksandrudimentaryframelanguagesasin thecaseof
theRDFSchema.However, bothstandardsarestill veryre-
strictedasa knowledgerepresentationlanguagedueto the
lack of supportfor variables,generalquantification,rules,
etc.

TheDAML projectis anattemptto build uponXML and
RDFSto producea languagethatis well suitedfor building
the SemanticWeb. It usesthe samemechanismfor repre-
sentingdataandinformationin a documentasXML, andit
alsoprovidesall theelementaryrulesanddefinitionssimi-
lar to RDFS.In addition,DAML providesrulesfor describ-
ing further constraintsand relationshipsamongresources
includingcardinality, domainandrangerestrictionsaswell
as union, disjunction, inverseand transitivity. DAML is,
therefore,intendedto bea universalSemanticWebmarkup
languagethat is sufficiently rich to provide machinesnot
only with thecapabilityto readdatabut alsoto interpretand
make inferencesfrom thedata.DAML will enablethede-
velopmentof intelligentagentsandapplications,whichcan
independently(without humaninvolvement)retrieve and
manipulateinformationon theInternet.

5. DReggieOverview and Implementation

TheprojectDReggieis anattemptto enhancethematch-
ing mechanismsin Jini andotherservicediscoverysystems.
Thekey ideain DReggie is to enabletheseservicediscov-
ery systemsto performmatchingbasedon semanticinfor-
mationassociatedwith theservices.As is well-known, ser-
vice matchingin existing systemsis strictly syntactic(i.e.,
stringmatching).Semanticinformationof servicesconsists
of their extensivedescriptionsincluding,but not limited to,
capabilities,functionality, portability and systemrequire-



ments.Semanticservicematchingintroducesthepossibili-
tiesof fuzzinessandinexactnessof theresponseto aservice
discoveryrequest.In theDReggiesystem,aservicediscov-
ery requestcontainsthe descriptionof an “ideal” service-
onewhosecapabilitiesmatchexactlywith therequirements.
Thus,matchingnow involvescomparisonof requirements
specifiedwith thecapabilitiesof existingservices.Depend-
ing on therequirements,a matchmayoccurevenif oneor
morecapabilitiesdoesnot matchexactly. For example,the
requestcould specifythat the servicemustbe ableto exe-
cuteon an Intel PentiumII basedsystem. If a servicethe
ability to executeon a PentiumIII basedsystemis found,
a matchhasoccurred.Servicedescriptionsin theDReggie
systemare marked up in DAML. The semanticmatching
processthatusesthesedescriptionsis performedby a rea-
soningengine.At theheartof DReggieis anenhancedJini
LookupService(JLS)thatenablessmartdiscovery of Jini-
enabledservices.DReggieretainsthematchingmechanism
currentlyemployed by the Jini Lookup andDiscovery in-
frastructure. Clients attemptingto discover serviceshave
theoptionto utilize eitherof thetwo matchingmechanisms.

Whena serviceregisterswith theenhancedJini Lookup
Server (JLS), it registersa DAML descriptionas well as
its interface. The DAML descriptionstoredin the lookup
server and updatedwhenever the serviceregistersagain.
A client attemptingservice discovery createsa DAML
descriptionof the desiredserviceincluding various con-
straints. The DReggie lookup server consistsof a sim-
ple Java-basedmatchingmoduleandan advancedProlog-
basedreasoningengine. In our initial implementationof
the infrastructure,the simpleJava-basedmodulehasbeen
integratedwith the JLS. The Java-basedmoduleperforms
attribute matchingand limited constraint-basedmatching.
TheProlog-basedreasoningengineis capableof morecom-
plex matchingbasedon DAML servicedescriptions.The
capability and functioning of the Prolog module is de-
scribedin section5.2. In our future work, we aim to in-
tegratethePrologengineasa modulewith theJini Lookup
Server to discoverm-servicesmoreefficiently andsuccess-
fully.

It is assumedthattherequestthata client issuesusesthe
sameontologythata serviceusesto describeitself. This is
avery importantassumption.It doesrestrictservicematch-
ing to oneparticularontology, but enablesmoreknowledge
baseddiscovery of services.In the future, it is quite likely
that therewould be translatorservicesthat would enable
translationof one ontology to anotherand henceenable
cross-ontologyservicediscovery. TheDAML matchin JLS
handlesconstraintssuchasclientrequirements,cost,mobil-
ity etc. It ensuresthata clientdiscoversonly thoseservices
that it is capableof executingin termsof hardwareor soft-
warerequirements.

In order to compareDAML descriptionsin the Jini
Lookup Server, we have mademodificationsto Reggie -

Sun’s implementationof Jini LookupService.Reggiepro-
videsall thefunctionsandmethodsdefinedin theJini Core
package,besidessomeextra functionality. Modifications
andadditionsto thispackageinclude:� Addition of an entry class that acceptsa well-formed
DAML descriptionasanargument� Addition of aclassthatimplementsthefunctionsrequired
to comparetwo DAML instances� Modificationto a registrarclassto enableDReggieto de-
terminetheappropriatematchingmechanismto use� Modification to a lookup classto allow DReggie to find
informationregardingtheappropriateparserpackageto use

5.1. DAML Representationof Services

We have usedDAML asa languageto representthe se-
manticdescriptionof the capabilitiesandrequirementsof
m-services.As mentionedin previous section,XML was
developedas a standardfor alternative dataencodingon
the Internetthat was primarily intendedfor machinepro-
cessing. However, XML was definedonly at the syntac-
tic level. This restrictionimplies that althougha machine
couldhave thenecessarycapabilityto retrieve information,
the samemachinemay not be able to precisely identify
the intendedinterpretationof the XML syntaxpresented
in the retrieved information. For example,a machinemay
incorrectly determinethat two instancesof the sametag,
e.g. � DUE-DATE � , in two differentXML documentspro-
videthesameinformation,although,in thefirst documentit
couldrepresentaduedateto shipaproduct,while in thelat-
terdocumentit couldrepresentaduedateto returnalibrary
book. Conversely, a machinemay not be ableto correctly
determinethat two different tags,e.g. � AUTHOR� and

� WRITER� , in fact representthe identical information.
ThusDAML hasbeenusedto facilitateuniform interaction
anddiscovery of heterogeneousservices.We have created
a DAML ontologyto describem-servicesin termsof their
functionality, capability, platform requirementsand other
attributes. It is availableonlineat http://www.daml.
umbc.edu/ontologies/dreggie-ont.daml.

We show below a partial view of the ontologywe cre-
atedto describeservices.It is mostlyself-explanatory;the
servicecomponent(theComponentclass)formstherootof
thehierarchy. Capabilityandfunctionalitydescriptionsare
addedaspropertiesof theComponentclass.

<?xml version="1.0" ?>

<rdf:RDF
xmlns:rdf = "http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs = "http://www.w3.org/2000/01/rdf-schema#"
xmlns:daml = "http://www.daml.org/2001/03/daml+oil#"
xmlns = "http://daml.umbc.edu/ontologies/dreggie-ont#"

>
...
<daml:Class rdf:ID="Component">

<rdfs:label>Component</rdfs:label>
</daml:Class>
<daml:Property rdf:ID="Description">

<rdfs:domain rdf:resource="#Component" />



</daml:Property>
<daml:Property rdf:ID="ServiceName" >
<rdfs:domain rdf:resource="#Description" />
<rdfs:range rdf:resource="#String" />

</daml:Property>
<daml:Property rdf:ID="ServiceAlias" >
<rdfs:domain rdf:resource="#Description" />
<rdfs:range rdf:resource="#String" />

</daml:Property>
...
<daml:Property rdf:ID="Capability">
<rdfs:domain rdf:resource="#Description" />
<rdfs:range rdf:resource="#CapabilityClass" />

</daml:Property>
<daml:Class rdf:ID="CapabilityClass" />
...
<daml:Property rdf:ID="ServiceCapability">
<rdfs:domain rdf:resource="#CapabilityClass" />
<rdfs:range rdf:resource="#Type" />

</daml:Property>
<daml:Property rdf:ID="Requirements">
<rdfs:domain rdf:resource="#Description" />
<rdfs:range rdf:resource="#RequirementsClass" />

</daml:Property>
<daml:Class rdf:ID="RequirementsClass" />
<daml:Property rdf:ID="CPURequirement">
<rdfs:domain rdf:resource="#RequirementsClass" />

</daml:Property>
<daml:Property rdf:ID="MemoryRequirement">
<rdfs:domain rdf:resource="#RequirementsClass" />

</daml:Property>
...
<daml:Property rdf:ID="Mobility">
<rdfs:domain rdf:resource="#Description" />
<rdfs:range rdf:resource="#MobilityClass" />

</daml:Property>
<daml:Class rdf:ID="MobilityClass" />
<daml:Property rdf:ID="ClientMobility">
<rdfs:domain rdf:resource="#MobilityClass" />
<rdfs:range rdf:resource="#Type" />

</daml:Property>
<daml:Property rdf:ID="ServiceMobility">
<rdfs:domain rdf:resource="#MobilityClass" />
<rdfs:range rdf:resource="#Type" />

</daml:Property>
...
...
</rdf:RDF>

5.2. PrologReasonerfor SemanticDiscovery

The DAML serviceontology is the basisof the seman-
tic matchingprocessfor differentservices.Thisontological
informationis parsed,convertedinto a form thattheProlog
engineusesto performmatchingandloadedinto its Knowl-
edgeBase(KB). TheenginealsoacceptsDAML profilesof
servicesfrom serviceproviders. This information is also
parsedandloadedinto its KB. In additionto this informa-
tion, the engineloadsDAML relationshiprules (e.g., in-
verse,equivalence,disjointetc.).Wehavedesignedandde-
velopedrulesthatusetheontology, serviceprofile informa-
tion andtheparsedqueryfrom theclient to performmatch-
ing basedon relationshipsbetweenattributesandtheir val-
ues.Theserulesareloadedinto theKB asthefinal stepof
thestart-upphase.

DAML, by design,imposesa classhierarchyon all ob-
jects. Thus,every classis a subclassof someobjectat the
root of the hierarchyand inheritsall its attributes. In ad-
dition, every classhassomeattributesof its own. Thus,
theDAML basedserviceontologydefinesthis hierarchical

relationshipbetweenvariouscomponentsof a serviceand
their attributes. The Prologengineusesthis ontology for
validationof serviceprofilesat thetime of registrationand
validationof bothservicesandattributesat thetime of ser-
vice queries.Themotivationfor this kind of onlinevalida-
tion is that althoughthe informationprovided/requestedis
well-formedDAML, therelationshipsmaybeill-formed.

The actualworking of the Prolog enginefor semantic
matchingis bestdescribedby thefollowing scenario:� The DAML serviceontology descriptionanda Printer-
Serviceprofile basedon this ontologyarepresentedasin-
putsto thePrologengine.First, theontologyis parsedand
loaded.Then,thePrinterServiceprofile is parsed.For each
parsedDAML statement,a validity checkis performedto
ensurethattherelationshipin thestatementconformsto the
ontology. If thischeckfails,theprofilecannotberegistered
andanerroris returned.If thechecksucceedsthestatement
is loadedinto the KB. We assumethat the enginehasal-
readyloadedDAML-specificandservice-specificrulesinto
its KB.� Assumethataservicequeryfor thePrinterServicearrives
as a DAML description. The attributesdescribedin the
queryindicatethatacolorprinterusingLaserJettechnology
is required.AssumethatthePrinterServiceprofiledescribes
two typesof printers: a color printer usingInkJettechnol-
ogy anda black-and-whiteprinter usingLaserJettechnol-
ogy. Furtherassumethat the client specifiesthat the color
attributehashigherpriority over thetechnologyattribute.� The Prologenginefirst parsesthe DAML queryandas
before,validateseachstatement.Themostimportantcheck
is for theservicebeingrequested.If this checkfails,aner-
ror indicatingunavailability of theserviceis returned.How-
ever, attributevalidity failuresdo not generateerrors.They
aresilentlydiscardedandonly valuesfor valid attributesare
returned.Basedonthepriority rules,theenginetriesto find
theclosestmatchto thecolor attribute. It matchesthecolor
printerbasedon theInkJettechnologyandreturnsinforma-
tion aboutthis serviceirrespectiveof thefactthatthequery
alsorequestedaLaserJetprinter.

Thereasoningengineis currentlyunderdevelopmentand
testingaspartof aprojectto enhancetheBluetoothService
Discovery Protocol(SDP).We briefly describethe work-
ing of the currentversionof the reasoningengine. In the
following paragraph,”Server” refersto thedevice thatcon-
tains information aboutservicesand ”Client” is a device
attemptingservicediscovery.� Server initialization codestartsup, loadsthe knowledge
baseandstartsthereasoningengine.� Client establishesa connectionto theServer afterdevice
discovery.� Clientsendsa ”semanticservicediscoveryrequest”mes-
sageto theServer. Themessagecontains,amongotherin-
formationlike connectionid, transactionid etc.,a DAML
query, asdescribedin thescenarioabove.



� Server receivesthe message,parsesit anddeterminesit
to bea ”semanticservicediscoveryrequest”.� In theServer, thefunctionto processthesemanticsearch
requestis called.This functioncreatesa temporaryfile and
writes the queryinto it. It alsocreatesan outputfile name
for the reasoningengineto write its resultsout to. Finally,
it passesthis informationto anotherfunction that actually
handlesthequery.� Thequeryhandlingfunctionmakestwo Prologfunction
callsin orderto handlethequery. Thefirst functionis used
to parsetheDAML datainto triples [6]. Thesecondfunc-
tion invokesthePrologpredicatein thereasoningengineto
performthesemanticsearch.

6. Conclusions
Servicediscoverywill playanimportantrolefor success-

ful developmentanddeploymentof m-commerceapplica-
tions. In this paper, we have discussedsomeexisting com-
mercialservicediscovery mechanisms.We have presented
DReggie(modifiedReggie - an implementationof the Jini
specificationby SunMicrosystems),aservicediscovery in-
frastructurethataddressesdrawbacksof existing discovery
mechanisms.DAML is expectedto changetheway people
andmachinesbrowsetheWWW. Wehaveshown thatit can
be usedto changethe way servicesaredescribedanddis-
coveredin the wired andthe wirelessworld. We conclude
that combiningan enhancedReggie,DAML anda power-
ful reasoningenginebasedon Prologwill enablesemantic
servicediscovery for m-commerceapplications.

References
[1] The SalutationConsortiumInc 1999. Salutationarchitecturespec-

ification (part 1), version2.1 edition. World Wide Web, http:
//www.salutation.org.

[2] KenArnold, Ann Wollrath,BryanO’Sullivan,RobertScheifler, and
Jim Waldo. TheJini specification. Addison-Wesley, Reading,MA,
USA, 1999.

[3] Tim Berners-Lee,JamesHandler, andOra Lassila. The Semantic
Web. In ScientificAmerican, may2001.

[4] Harry Chen. Developing a Dynamic Distributed Intelligent Agent
Framework Basedon theJini Architecture.Master’s thesis,Univer-
sity of MarylandBaltimoreCounty, January2000.

[5] UC Berkeley ComputerScienceDivision. http://ninja.cs.
berkeley.edu.

[6] ResourceDescriptionFormat.World WideWebConsortium(W3C),
http://www.w3c.org/RDF.

[7] E. Guttman,C. Perkins,J.Veizades,andM. Day. ”rfc2068: Service
location protocol, version2”. ftp://ftp.isi.edu/in-notes/rfc2608.txt,
1999.

[8] ExtensibleMarkupLanguage.World WideWebConsortium(W3C),
http://www.w3c.org/XML.

[9] Bluetooth White Paper. World Wide Web, http://www.
bluetooth.com/developer/whitepaper.

[10] UPnP White Paper. World Wide Web, http://upnp.org/
resources.htm.


