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Abstract

The emepgence of mobile devicesand wirelessnetworks
has createda new path in the field of e-commere: “m-
commece”. Significantreseach is needed,in the field
of servicediscovery, to supportm-commece applications.
Variousnew applications thatwoulduseservicesavailable
to a mobile device from both the fixed networkbadbone
and peer mobile devicesin its proximity, are beingdevel-
oped. M-commece applicationshavethe challengingtask
of discovering servicesn a dynamicallychangingerviron-
ment. The DARPA AgentMarkup Languaye (DAML) is an
importanttool in the processof developingthe Semantic
Weh In this paper we presenta dynamicservicediscorery
infrastructue that usesDAML to describeservicesand a
Prolog reasoningengineto performmatding usingthe se-
manticcontentof servicedescriptions.\\e believe that the
architectuie we havedesigneds a necessargomponenbf
anym-commeteinfrastructue.

1. Intr oduction

The last few yearshas seenan exponentialgrowth in
the usageof wireless-enablettandhelddevices. This sug-
gestsa changein the way mobile devices are being used
now-a-days. In additionto being usedas standaloneger
sonalorganizersthesedevicesarebeingincreasinglyused
to accesdhe Internet. For example,mostPalm Pilots are
being shippedwith AOL. This hasstarteda new field of
e-commerce:m-commerce. In the nearfuture, we ervi-
sion Palmsusingshortrangead-hocnetworking technolo-
gieslike Bluetooth,to interactwith eachother, possiblyto
supportm-commerceapplications. In suchan ad-hocen-
vironment,we ervision oneor moredevicesproviding and
usingservices.

As businessesffer varioustypesof servicedo their cus-
tomers servicediscoverywill becomeveryimportant.Ser
vicesaredeployedin variousformsandwith differentlevels
of compleities. Someservicesmight be more software-
oriented, such as personalbanking via cellular phoneor
finding a closestrestaurantn alocal area. Someservices
might be more hardware oriented,suchas submittingpic-
turesfrom a digital camer&to a color printer or controlling
homedevices(VCR, SecuritySystemstc.) by usinga mo-
bile device remotely No matterwhat forms the services

take, it is importantfor customergo beableto find thede-
siredservicesffectively andcorrectly

In anad-hocervironment,a priori informationand/orde-
scriptionof theserviceds, moreoftenthannot, unavailable.
This is becausehe location of deviceswould be changing
continuously It is alsoimpracticalto assumehatthe mo-
bile device would have an enumeratedist of all possible
servicesandtheir interfaces. Therefore,a flexible service
discovery infrastructures animportantbasefoundationof
the future m-commercenarket.

Currentlyexisting servicediscovery techniquesisesim-
ple interface-basedr attribute-basedmatching. Service
discovery is effectively doneat a syntacticlevel. We argue
that syntacticlevel matchinganddiscovery is inefficientin
a mobile erwvironment. This is dueto the heterogeneityof
serviceinterfacesin sucha domain. For example,we can
have the sameserviceimplementdifferentinterfaceswhich
could resultin the failure of a syntacticmatchif the ser
vice query doesnot matchwith ary interface. Therefore,
thereis a needto discover servicesin a semanticmanner
An effort hasbeengoingonin the World Wide Webto pro-
videricherandmachineunderstandabldescription®f web
pageqd3]. TheDAML initiativeis aneffort to designanon-
tologyto describametadataboutwebsites We believe that
this ontology canalsobe usedto describedomainspecific
m-services. We can usethe featuresof DAML to reason
aboutthecapabilitiesandfunctionality of differentservices.

The rest of the paperis organizedas follows: In sec-
tion 2 we describesomeexisting servicediscovery archi-
tectureghatwe have surweyed. In section3 we describethe
drawbacksof theseexisting servicediscorery mechanisms
with respecto the demandf the future service-oriented
e-marlet. We alsodescribethe basicsof 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
presenbur conclusionsn section6.

2. Existing Sewvice Discovery Infrastructur es

In this section,we describecurrentservicediscovery in-
frastructuresthat have becomepopulararewidely usedon



wired networks. Someof thesdnfrastructuresike SLPand
Jini areplatformandcommunicatiorprotocoldependent.

The ServiceLocationProtocol(SLP) [7] is a language-
independenprotocolfor automaticresourcediscovery on
IP networks utilizing an agent-orientednfrastructure.The
basisof the SLP discovery mechanismiies on predefined
serviceattributes,which canbe appliedto universallyde-
scribeboth software and hardware services. The architec-
ture consistsof threetypesof agents:UserAgent, Service
AgentandDiscovery Agent. TheUserAgentsareresponsi-
ble for discoveringavailableDirectory Agents,andacquir
ing servicehandleson behalfof end-usepplicationghat
requestservices. The Service Agentsare responsiblefor
adwertising the servicehandlesto Directory Agents. Di-
rectory Agentsare responsibl€for collecting servicehan-
dles and maintainingthe directory of adwertisedservices.
SLP usesmulticastingfor serviceregistrationand discov-
ery, andunicastingor servicediscoreryresponsefom Di-
rectory/ServicéAgents.

Jini [2] is a distributed service-orientedrchitecturede-
velopedby SunMicrosystemsJini servicesanberealized
torepresenhardwaredevices,softwareprogramsr acom-
binationof thetwo. A collectionof Jini servicedformsaJini
federation.Jini servicescoordinatewith eachotherwithin
the federation. The overall goal of Jini is to turn the net-
work into a easily administeredool on which humanand
computationatlientscanfind servicesn aflexible andro-
bustfashion. Jini is designedo make the network a more
dynamicentity thatbetterreflectsthedynamicnatureof the
workgroupby enablingtheability to addanddeleteservices
flexibly.

Oneof thekey componentsf Jiniis theJini Lookup Ser
vice (JLS),which maintainghe dynamicinformationabout
the available servicesin the Jini federation. Every service
mustdiscoser oneor moreJLSbeforeit canenterafedera-
tion. Thelocationof the JLS could be known beforehand,
or they maybe discoveredusingnetwork multicast. A JLS
canbe potentiallymadeavailableto the local network (i.e.
thelocal LAN) or otherremotenetworks(i.e. the Internet).
TheJLScanalsobeassignedo have groupnamessothata
servicemay discover a specificgroupsin its vicinity.

WhenaJini servicewantsto join aJini federationjt first
discorersone or mary JLS from the local or remotenet-
works. The servicethen uploadits serviceproxy (i.e. a
setof Java classes}o the JLS. This proxy canbe usedby
theserviceclientsto contactthe original serviceandinvoke
methodson the service. Serviceclientsinteractonly with
the Java-basedserviceproxies. This allows varioustypes
of servicespoth hardwareandsoftwareservicesto beac-
cessedn a uniform fashion. For instance a serviceclient
can invoke print requestgdo a PostScriptprinting service
evenif it hasnoknowledgeaboutthe PostScriptanguage.

UniversalPlugandPlay (UPnP)[10]extendsthe original
Microsoft Plug and Play peripheralmodelto supportser

vice discovery providedby network devicesfrom numerous
vendors.UPnPworksanddefinesstandardgrimarily atthe
lower-layernetwork protocolsuites,sothatthedevicescan
natively, i.e., languageandplatformindecently implement
thesestandards.UPnPusesthe Simple ServiceDiscovery
Protocol(SSDP)for discovery of servicever P 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-
nouncemento indicateits presencelf alookup serviceis
presentjt canrecordthis adwertisemento be subsequently
usedo satisfyclients’ servicediscoveryrequestsAddition-
ally, eachserviceonthenetwork mayalsoobsenethesead-
vertisementsWhena client wantsto discover a service,it
caneithercontacttheservicedirectly throughthe URL that
is storedwithin theserviceadwertisementor it cansendout
amulticastquerymessagewhichcanbeansweredy either
thedirectoryserviceor directly by theservice.

Salutation [1] is an open standard, communication,
operating-systemand platform-independenservice dis-
coveryandsessiormanagemeryrotocol. Thegoalof Salu-
tationis to solve the problemof servicediscorery anduti-
lization amonga broadsetof appliancesandequipmentn
a wide-areaor mobile ervironment. The architecturepro-
videsapplications servicesand definesa standardnethod
for describingand adwertisingtheir capabilities,aswell as
locatinganddeterminingotherservicesandtheir capabili-
ties. In addition the Salutatiorarchitecturelefinesanentity
calledtheSalutationLookupManageSLM) thatfunctions
asa servicebroker for servicesin the network. The SLM
can classify the servicesbasedon their meaningfulfunc-
tionality, calledFunctionalUnits (FU), andthe SLM canbe
discoveredby both a unicastanda broadcasmethod. The
servicesarediscoveredby the SLM basedon acomparison
of the requiredservicetypeswith the servicetypesstored
in the SLM directory The servicediscovery processcan
be performedacrossmultiple Salutationmanagersywhere
one SLM representsts client while communicatingwith
anotherSLM, to discover services.

3. Drawbacks of Existing Techniques

We believe that existing servicediscovery architectures
like SLR Jini, UPnPandSalutationalthoughpopular have
afew limitationswhich makesthemunsuitablefor wide de-
ploymentin the m-commercedomain. We briefly discuss
andanalyzethesdimitations.

o Lack of Rich Representation: Servicesin the eMar
ket are heterogeneoum nature. Theseservicesshouldbe
definedin termsof the their functionality and capabilities.
The functionality and capability descriptionsof theseser
vicesshouldbeusedby theserviceclientsto discoserthem.



The existing servicediscovery infrastructuredack expres-
sive languagesrepresentationand tools that are good at
representing broadrangeof servicedescriptionsand are
goodfor reasoningaboutthefunctionalityandthe capabili-
tiesof the serviceq4].

« Lack of Constraint Specificationand Inexact Match-
ing: In the existing service discovery infrastructures,it
is impossibleto find serviceswhich requirea specificat-
tribute valuethatcanchangebasedon the dynamiccontent
of the ervironment. In addition, servicefunctionality are
describedat the syntaxlevel or objectlevel. This makes
it difficult to apply approximatematchingrules. For ex-
ample,if the client is attemptingto discover a black and
white printer, anapproximatematchingrule would succeed
onfinding a color printer.

o Lack of Ontology Support: Servicesin the m-
commercerenaneedto interactwith clientsandotherser
vicesacrossenterprisesServicedescriptionsandinforma-
tion needto be understoocand agreedamongvariouspar
ties. In otherwords, well-definedcommonontology must
be presentbefore ary effective servicediscorery process
cantake place. Commonontology infrastructuresare of-
ten either missingfrom or are not well representedn the
existing servicediscovery architectures Architecturedik e
ServiceLocation Protocol, Jini and Salutationdo provide
somesort of mechanismdo captureontology amongser
vices.However, thesemechanismék e Javaclassinterfaces
andad-hocdatastructuresredifficult to bewidely adapted
by the industriesto becomestandards. In the Universal
PlayandPlug (UPnP)architectureservicedescriptionsare
representedth XML (eXtensibleMarkupLanguage)which
providesa goodbasefoundationfor developingextensible
andwell-formedontologyinfrastructure However, service
descriptionsn UPnPdoesnotplay arolein theservicedis-
covery process.

4. DAML: The DARPA Agent Markup Lan-
guage

DAML is asemantidanguagéeingdevelopedby acon-
sortiumof U.S. locatedacademiandbusinesgesearchers
to addresgshe WWW'’s limitations in providing machine-
readablendmoreimportantlymachine-interpretabliafor-
mationoverthe Internet.

Consequentlythe goal of DAML is to enablethe trans-
formation of the presenthuman-orientedNeb, which is
largely usedasa text and multimediarepositoryonly, into
a SemantidMebaservisionedin [3]. This processnvolves
theaugmentatiof thewebpageswith additionalinforma-
tion anddatathatareexpressedn away thatfacilitatestheir
understandindpy machines.

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

Frameavork and ResourceDescriptionFrameavork Schema
(RDFS)[6]areXML applicationghatprovide a numberof
preliminary semanticfacilities requiredfor the realization
of the SemantidVebvision.

XML was developedby the World Wide Web Consor
tium (W3C) asa standardor alternatve dataencodingon
the Internetthat was primarily intendedfor machinepro-
cessing.The XML standardorovidesthe necessaryneans
to declareandusesimple datastructureswhich arestored
in XML documentsand are machine-readableHowever,
sinceXML is definedonly at the syntacticlevel, machines
cannotbe guaranteedo unambiguoushdeterminethe cor-
rectmeaningof the XML tagsusedin a given XML docu-
ment,andconsequentiXML cannotbeusedasalanguage
for representinguiny complex knowledge.

The W3C hasthus developed RDFS with the goal of
addressinghe deficienciesof XML by addingformal se-
manticson the top of XML. Thesetwo standardgrovide
the representatioframeanorks for describingrelationships
amongresourcesn termsof namedpropertiesand values,
which aresimilarto representatioframeavorksof semantic
networksandrudimentaryframelanguagesisin thecaseof
theRDF SchemaHowever, bothstandardsirestill veryre-
strictedasa knowledgerepresentatiotanguagedueto the
lack of supportfor variables,generalquantification,rules,
etc.

TheDAML projectis anattemptto build uponXML and
RDFSto producea languagehatis well suitedfor building
the SemanticWeh It usesthe samemechanisnfor repre-
sentingdataandinformationin adocumentais XML, andit
alsoprovidesall the elementaryrulesanddefinitionssimi-
larto RDFS.In addition,DAML providesrulesfor describ-
ing further constraintsand relationshipsamongresources
including cardinality domainandrangerestrictionsaswell
asunion, disjunction, inverseand transitvity. DAML is,
therefore jntendedto be a universalSemantidVeb markup
languagethat is sufficiently rich to provide machinesnot
only with thecapabilityto readdatabut alsoto interpretand
male inferencedrom the data. DAML will enablethe de-
velopmenbf intelligentagentsandapplicationswhich can
independently(without humaninvolvement)retrieve and
manipulatenformationon the Internet.

5. DReggieOverview and Implementation

TheprojectDReggieis anattemptto enhancehe match-
ing mechanism# Jiniandotherservicediscosery systems.
Thekey ideain DReygieis to enabletheseservicediscov-
ery systemgo performmatchingbasedon semantianfor-
mationassociateavith theservices As is well-known, ser
vice matchingin existing systemss strictly syntactic(i.e.,
stringmatching).Semantianformationof servicesonsists
of their extensie descriptionsncluding, but not limited to,
capabilities,functionality, portability and systemrequire-



ments.Semanticservicematchingintroduceghe possibili-
tiesof fuzzinessandinexactnes®f theresponséo aservice
discoveryrequestin the DReggie systemaservicediscor-
ery requestcontainsthe descriptionof an “ideal” service-
onewhosecapabilitieamatchexactlywith therequirements.
Thus, matchingnow involvescomparisorof requirements
specifiedwith the capabilitiesof existing services Depend-
ing on the requirementsa matchmay occurevenif oneor
morecapabilitiesdoesnot matchexactly. For example,the
requesttould specifythatthe servicemustbe ableto exe-
cuteon an Intel Pentiumll basedsystem.If a servicethe
ability to executeon a Pentiumlll basedsystemis found,
amatchhasoccurred.Servicedescriptionsn the DReggie
systemare marked up in DAML. The semanticmatching
procesghat usesthesedescriptionds performedby area-
soningengine.At the heartof DReggieis anenhancedini
Lookup Service(JLS)thatenablessmartdiscovery of Jini-
enabledservices DReggieretainsthe matchingmechanism
currently employed by the Jini Lookup and Discovery in-
frastructure. Clients attemptingto discover serviceshave
theoptionto utilize eitherof thetwo matchingmechanisms.

Whena serviceregisterswith the enhancedini Lookup
Sener (JLS), it registersa DAML descriptionas well as
its interface. The DAML descriptionstoredin the lookup
sener and updatedwhenever the serviceregistersagain.
A client attempting service discovery createsa DAML
descriptionof the desiredserviceincluding various con-
straints. The DReggie lookup sener consistsof a sim-
ple Java-basednatchingmoduleand an advancedProlog-
basedreasoningengine. In our initial implementationof
the infrastructure the simple Javra-basednodulehasbeen
integratedwith the JLS. The Java-basednoduleperforms
attribute matchingand limited constraint-basedatching.
TheProlog-basedeasoningngineis 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-
tegratethe Prologengineasa modulewith the Jini Lookup
Senerto discorer m-servicesnoreefficiently andsuccess-
fully.

It is assumedhattherequesthata clientissuesusesthe
sameontologythata serviceusesto describdtself. Thisis
averyimportantassumptionlt doesrestrictservicematch-
ing to oneparticularontology, but enablesnoreknowledge
baseddiscovery of services.In thefuture,it is quitelikely
that therewould be translatorservicesthat would enable
translationof one ontology to anotherand henceenable
cross-ontologwervicediscovery. The DAML matchin JLS
handleconstraintsuchasclientrequirements;ost,mobil-
ity etc. It ensureghata clientdiscoversonly thoseservices
thatit is capableof executingin termsof hardwareor soft-
warerequirements.

In order to compare DAML descriptionsin the Jini
Lookup Sener, we have mademaodificationsto Reggie -

Sunsimplementatiorof Jini Lookup Service.Reggie pro-
videsall thefunctionsandmethodsdefinedin the Jini Core
package besidessomeextra functionality. Modifications
andadditionsto this packagenclude:

« Addition of an entry classthat acceptsa well-formed
DAML descriptionasanargument

« Addition of aclassthatimplementghefunctionsrequired
to comparegwo DAML instances

« Modificationto aregistrarclassto enableDReggieto de-
terminethe appropriatamatchingmechanisnto use

« Modificationto alookup classto allow DReggie to find
informationregardingthe appropriatgarseipackageo use

5.1. DAML Representationof Services

We have usedDAML asalanguageo representhe se-
mantic descriptionof the capabilitiesand requirementof
m-services.As mentionedin previous section, XML was
developedas a standardfor alternatve dataencodingon
the Internetthat was primarily intendedfor machinepro-
cessing. However, XML was definedonly at the syntac-
tic level. This restrictionimplies that althougha machine
couldhave the necessargapabilityto retrieve information,
the samemachinemay not be able to preciselyidentify
the intendedinterpretationof the XML syntax presented
in theretrieved information. For example,a machinemay
incorrectly determinethat two instancesof the sametag,
e.g.<DUE-DATE>, in two differentXML documentgro-
videthesameanformation,although,n thefirst documentt
couldrepresenaduedateto shipaproductwhile in thelat-
terdocumentt couldrepresenaduedateto returnalibrary
book. Corversely a machinemay not be ableto correctly
determinethat two differenttags,e.g. <AUTHOR> and
<WRITER>, in fact representhe identical information.
ThusDAML hasbeenusedto facilitateuniforminteraction
anddiscovery of heterogeneouservices.We have created
a DAML ontologyto describem-servicesn termsof their
functionality, capability platform requirementsand other
attributes. It is availableonlineatht t p: / / www. dan .
urmbc. edu/ ont ol ogi es/ dr eggi e- ont . dani .

We shav below a partial view of the ontology we cre-
atedto describeservices.lt is mostly self-explanatory;the
servicecomponen{the Componentlass)formstheroot of
the hierarchy Capabilityandfunctionality descriptionsare
addedaspropertiesof the Componentlass.

<?xm version="1.0" ?>

<r df : RDF
xm ns:rdf = "http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#"
xm ns:rdfs = "http://ww. w3. org/ 2000/ 01/ r df - schema#"
xm ns: dam = "http://ww. dan . org/ 2001/ 03/ dani +oi | #"
xm ns = "http://danl.unbc. edu/ ont ol ogi es/ dr eggi e- ont #"
>

<dam : Ol ass rdf: | D="Conponent">
<rdfs: | abel >Conponent </ rdf s: | abel >
</ dani: d ass>
<dani : Property rdf: | D="Description">
<rdf s: domai n rdf:resource="#Conponent" />



</ dam : Property>

<dam : Property rdf:|D="Servi ceNane" >
<rdfs: domai n rdf:resource="#Description" />
<rdfs:range rdf:resource="#String" />

</ dam : Property>

<dam : Property rdf:1D="ServiceAlias" >
<rdfs: domai n rdf:resource="#Description" />
<rdfs:range rdf:resource="#String" />

</ dam : Property>

<daml : Property rdf: |1 D="Capability">
<rdf s: domai n rdf:resource="#Description" />
<rdfs: range rdf:resource="#CapabilityC ass" />
</ dam : Property>
<dam : Gl ass rdf: | D="Capabilityd ass" />

<dani : Property rdf:|D="Servi ceCapability">
<rdf s: domai n rdf:resource="#CapabilityC ass" />
<rdfs: range rdf:resource="#Type" />
</ dam : Property>
<dam : Property rdf:|D="Requirenents">
<rdfs: domai n rdf:resource="#Description" />
<rdfs: range rdf:resource="#Requirenentsd ass" />
</ dam : Property>
<dam : O ass rdf: | D="Requirenentsd ass" />
<dam : Property rdf: | D="CPURequirenent">
<rdfs: domai n rdf:resource="#Requi renentsd ass" />
</ dam : Property>
<dam : Property rdf:|D="MenoryRequirenent">
<rdfs: domai n rdf:resource="#Requi renentsd ass" />
</ dam : Property>

<dani : Property rdf: I D="Mbility">
<rdf s: domai n rdf:resource="#Description" />
<rdfs:range rdf:resource="#Mbilityd ass" />

</ dam : Property>

<dani : Cl ass rdf: | D="Mobilityd ass" />

<dani : Property rdf:ID="ClientMbility">
<rdf s: domai n rdf:resource="#Mbbilityd ass" />
<rdfs: range rdf:resource="#Type" />

</ dam : Property>

<dani : Property rdf:|D="ServiceMbility">
<rdfs: domai n rdf:resource="#Mbilityd ass" />
<rdfs:range rdf:resource="#Type" />

</ dam : Property>

</ r df : ROF>

5.2. PrologReasonerfor SemanticDiscovery

The DAML serviceontologyis the basisof the seman-
tic matchingprocesdor differentservicesThis ontological
informationis parsedcornvertedinto aform thatthe Prolog
engineusedo performmatchingandloadednto its Knowl-
edgeBase(KB). Theenginealsoaccept®AML profilesof
servicesfrom serviceproviders. This informationis also
parsedandloadedinto its KB. In additionto this informa-
tion, the engineloads DAML relationshiprules (e.g., in-
verse gquivalencedisjointetc.). We have designedandde-
velopedrulesthatusethe ontology serviceprofile informa-
tion andthe parsedjueryfrom the clientto performmatch-
ing basedon relationshipsetweenattributesandtheir val-
ues.Theserulesareloadedinto the KB asthefinal stepof
thestart-upphase.

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

relationshipbetweenvariouscomponent®f a serviceand
their attributes. The Prolog engineusesthis ontology for
validationof serviceprofilesat the time of registrationand
validationof both servicesandattributesat the time of ser
vice queries.The motivationfor this kind of onlinevalida-
tion is that althoughthe information provided/requestets
well-formedDAML, therelationshipsnaybeill-formed.

The actualworking of the Prolog enginefor semantic
matchingis bestdescribedy thefollowing scenario:

o The DAML serviceontology descriptionand a Printer
Serviceprofile basedon this ontology are presente@sin-
putsto the Prologengine.First, the ontologyis parsedand
loaded.Then,the PrinterServiceprofile is parsed For each
parsedDAML statementa validity checkis performedto
ensurehattherelationshign the statementonformsto the
ontology If this checkfails, the profile cannotberegistered
andanerroris returned If thechecksucceedshe statement
is loadedinto the KB. We assumehat the enginehasal-
readyloadedDAML-specificandservice-specificulesinto
its KB.

« Assumethataservicequeryfor the PrinterServicarrives
as a DAML description. The attributes describedin the
queryindicatethatacolor printerusingLaserJetechnology
is required AssumehatthePrinterServicgrofile describes
two typesof printers: a color printer using InkJettechnol-
ogy and a black-and-whiteprinter using LaserJetechnol-
ogy. Furtherassumehatthe client specifiesthat the color
attribute hashigherpriority overthetechnologyattribute.

« The Prologenginefirst parseshe DAML queryandas
before validateseachstatementThe mostimportantcheck
is for the servicebeingrequestedIf this checkfails,aner
ror indicatingunavailability of theserviceis returned How-
ever, attribute validity failuresdo not generatesrrors. They
aresilently discardedandonly valuesfor valid attributesare
returned.Basedonthepriority rules,theenginetriesto find
theclosestmatchto the color attribute. It matcheghecolor
printerbasednthelnkJettechnologyandreturnsinforma-
tion aboutthis serviceirrespectve of thefactthatthe query
alsorequeste LaserJeprinter.

Thereasoningngineis currentlyunderdevelopmentind
testingaspartof a projectto enhancehe BluetoothService
Discovery Protocol (SDP). We briefly describethe work-
ing of the currentversionof the reasoningengine. In the
following paragraph’Server” refersto the device thatcon-
tains information aboutservicesand "Client” is a device
attemptingservicediscovery.

« Senerinitialization codestartsup, loadsthe knowledge
baseandstartsthereasoningngine.

« Clientestablishes connectiorto the Sener afterdevice
discovery.

« Clientsendsa”semanticservicediscovery request’'mes-
sageto the Sener. The messageontains,amongotherin-
formationlike connectionid, transactiond etc.,a DAML
guery asdescribedn thescenaricabove.



« Sener recevesthe messageparsedt and determinest

to bea”"semanticservicediscovery request”.

« Inthe Sener, thefunctionto procesghe semanticsearch
requesis called. This function createsa temporaryfile and
writesthe queryinto it. It alsocreatesan outputfile name
for the reasoningengineto write its resultsout to. Finally,

it passeghis informationto anotherfunction that actually
handleghequery

« The queryhandlingfunction makestwo Prologfunction
callsin orderto handlethe query Thefirst functionis used
to parsethe DAML datainto triples[6]. The secondfunc-

tion invokesthe Prologpredicatdan thereasoningengineto

performthesemanticsearch.

6. Conclusions

Servicediscoverywill playanimportantrole for success-
ful developmentand deploymentof m-commerceapplica-
tions. In this paper we have discussedomeexisting com-
mercialservicediscorery mechanismsWe have presented
DReggie (modified Reggie - animplementatiorof the Jini
specificatiorby SunMicrosystems)aservicediscoveryin-
frastructurethataddressedravbacksof existing discovery
mechanismsDAML is expectedto changetheway people
andmachinedrowsethe WWW. We have shavn thatit can
be usedto changethe way servicesare describedanddis-
coveredin the wired andthe wirelessworld. We conclude
thatcombiningan enhancedReggie, DAML anda power-
ful reasoningenginebasedon Prologwill enablesemantic
servicediscovery for m-commercepplications.
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