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Ubiquitous Service Composition Technology for
Ubiquitous Network Environments

Yo0J1 YAMATO,t MAKOTO NAKATSUJIt and HIROSHI SUNAGAt

‘We proposed ubiquitous service composition technology which enables end-users to compose
context aware services easily. In ubiquitous network environments in the future, context-aware
services are expected because the context-awareness is one of the most important factors in
ubiquitous network. But it is insufficient in conventional service based on rigid interface
design. Therefore, the flexible service composition based on user context is required. Our
proposed approach is that a service composition engine discovers suitable service components
from the network based on the user context and binds them dynamically in accordance with
a semantic-level service flow. Through the study, implementation and perfomance measure-
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ment, we showed the effectiveness and practicality of porposed technology.
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Fig.1 An image of Service Template.
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Fig.2 Using OWL-S for Service Element description.
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category B ﬁl

If a new category is added,
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Fig.3 Management method of metadata.
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Fig.4 Method of scoreing Service Element.
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Fig.7 Example of description of BPEL and ST.
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Fig.8 Evaluation table of service flow description.
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< fuml version="1.0" encoding="UTF§"2>

<rif:RDF

i = "hitp: /i 3.org 1 999 02/ 22-ref-syntax -nsE"
wmins: rifs="htip: iwww. w3.org/ 200 001 df-schemaz™”

l fl=""ttp: /1 3.010/2002/07 lowl="

xmins: senvi ce="http: fwww.daml.org/servic es/owl s/1.0/Servic e.owlZ">

<owl:Ontology rdfzabout=""">
<owl:versioninfo>1.0</owlversioninfo>
<owl:imports
rdtresource="file:C:'SWEngine_0 ctidata/profile Profile_Monttor.owl™>
<owliimports
rdtresource="file:C:'SWEngine_0 ctidata/process Processhodel_Monitor.owl™/
>

<owl:imports
rdfiresourc e="file: C: 'SWEngine_0 ctidata/ground/Grounding_Menitor.owl™ />
<lowl:Ontology>

<senvice:Service rdflD="Service_Monitor">
<service:resents
ridf:resourc e="fil &: C: SWEngine_0 ct/data/profile Profile_Monitor.owlzProfile_M
onitor/>
<gerviceidescribedBy
rdtresource="file:C:'SWEngine_0 ctidata/process Processhodel_Monitor.owls
menitor_P M-
<service:supports
rdfiresourc e="file: C: 'SWEngine_0 ctidata/ground/Grounding_Menitor.owlZGrou
nding_Monitor™ />
<iservice: S ervice>
<irdf:RDF >

0 14 OWL-S Service 000000
Fig.14 Sample description of OWL-S Service.

< 2uml version="1.0" encoding="UTF§"2>
<rdf:RDF

1f="Tittp: /i

wmins:rifs="Ttip:

J.org 199902 722-rdf-syntax-ns#"
fwww.w3.or g/ 200 001 Tdf-schemaz™
3.01g/2002/07 /owlz™
ices/owl-s/. 0/Profile.owls ">

ile="Tittp:/) daml

<owl: Ontology rd:about="">
<owkversionlnfo>1.0</owkversioninfo>
<owlkimports
rdf:resourc e="file:C: SWEngine_0ctidata/processProcesshodel_Monitor. owl™/
E

<fowl:0ntology>
<profile:Profile rdf1D="Profile_Monitor™>

<profilezhas_process
ridf:resourc e="file:C: SWEngine_0 ctidata/processProcesshModel_Monitor. owlz
monitor_PI >

<profil estextD escription=Auto generated from
it /7192.168.1.3 % 308 0/axis/servic esMonitor Servic e ?wsdl< profile: textDescri
ption>

<profil e: servicellame>&it T3« profile: servic ellame>

<profil ez servic eP arameter>
<profile: S erviceParameter>
<profile:serviceParametertl ame> T UF< jprofile:serviceParameterlame>
<profile:sParameter> 3% ¥ 22120 ¥« profile:sP arameter>
</profilezS erviceParameter>
</profile:serviceParameter>

<profile: serviceCategory=
<profile:ServiceC ategory=
<profile:categoryl ame> £~ 8< jprofile:categoryllame>
<profiletaxonomy=< profilestax ono my>
<profileivalue> < profilezvalue-
<profile:c ode>< profile: code>
< lprofilezS ervice Category =
</profile:serviceCategory>

</profile:Profile>
</rdf:RDF >

015 OWL-S Profile 0000000000000 O0OO0DOODO
00Do000bDO0o00000000b0000000 servi-
ceParameter 00 000000000O
Fig.15 Sample description of OWL-S Profile.
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< 2xml version="1.0" encoding="UTF 3"2>

<rdf:RDF
s rdf= "Titp: Swwwow 3.org 1 999 1027 22-rdf-syntax nsE"
smnlns: refs="Tttp: wwww3.org 200 004 rdf-schemaz”
xmins: owl="http: /www.w3.org2002/07 iowlE"™
xmins: proc ess="http /'www.daml.of g/servic es/owl-s 1.0 Process.owlz">

<owl:0Ontology rdfzabout=""">
<owl:versi oninfo>1.0< /owl:versioninfo>
<rdfs: wment>< >
<owlimports rdfresourc e="htty
<owl:imports rdfresourc e="htt
<lowk:Ontology>

W wl.org 1999 02 22-rdf-syntax-ns">
WWW.W3.0rg/ 1000 01 rdf-schema™>

I P ssModel rdiID=" itor _PIT>
<pr hasProcess rdfr: TEADTAVETE"
<pr hasProcess rdfir ra#F 2 e ET

</proc essiProcessModel>

<proc essinput rdf: I ="voi

<processiparameter Type

rdf resourc e=""http:/ fwww.w3.org 20 01X MLS chema i nstances
<iproc ess:dnput=>

<process:Output rdf 1D ="void_out"™>
<processiparametar Type
rdfiresourc e=""http:/ fwwaw. wi.org /20 017X MLS chema d nstance#nil™:
</proc essiOutput>

<processinput rdf: b =" 32> 22URL"-
<processiparameterType
rdfresoure e=""http:/ fwwaw. w3 .org 20 01X MLS chema Zstring™ />
<iproc essdnput=

<process:AtomicP roc ess rdf:ID =" 15 /% &L ">
<process:hasinput rdfiresource="g 7 2% URL":
</proc ess:Atomic Process>

v

<proc ess:AtomicP roc ess rdf: 1D =" 57+ bk &=
<process:hasinput rdf:resource="svoid_in"/>
<iproc ess:Atomic Process>

<INIERDF>
0 16 OWL-S Process Model 00000000000 Atomic
Process0 200000000000000ODODO0O0O0OOO
SE000000000OOoooooooooooon
Fig.16 Sample description of OWL-S Process Model.
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GroundingOOOOOOOOOOOOO WSDLOO
OO0 SOApOO0O0OOOUOOOOOOOOOO

< 7xml version="1.0"" encoding="UTF $"2>

<rdf:RDF

amins: ref="Ttp: Fwwww3.000/1999 102/ 22-rdf-syntax nss"
i Hs="Ttip: 3.0rg/200 004 /relf-sch ="

amins: owl="" WWW.W3.0rg/2002/0T jowl="

xmins: grounding=""http: 'www.daml.org/semnvi ces'owl-sA1.0/G rounding.owl="=

<owl: intelogy rdf.about:
<owl:versioninfo>1.0< lowl:versioninfo>
<owl:imports

rdfresoure e="file: C:'SWEngine_0Octidata/pr. P sModel_Monitor.owl™/

»

<fowl: Omtology=

g ling:WsdIG ling rdf:1D="G rounding_Monitor">

<groundi i i

ridfiresours e="#monitor _PM_DISPLAY_COHTEHT"/>
<gromnding: i G i

ridfiresours e="#monitor _PM_DISPLAY_DEFAULT_COHTENT"/>
</grounding:Wsdl Grounding >

P PR G 5
) W T

rdf Il ="monitor_PM_DISPLAY_CONTEHT™>
<gr o :owlsProcess

rdfiresoure e="file: C:'SWEngine_0O ctidata/proc ess Processhodel_Monitor.owls
AVFUUERR">

<q gz wadlD hittp: /192.1638.1.34:8 080 /axis/services/MonitorServi
ce?wsdl< igrounding: wsdlD ocument>

<growmnding: wsdioperation>
<grounding:WsdlOperationR f>

cBng: operation>hittp: /1 92,168.1.3 ::808 0/axis/servicesMonitorS ervice?w
HlisplayContent</g fi peration:

< grounding: portType=http: /192.168.1.34:8 080 'axis'services MonitorService ?w
sdEonitorSE < /groun: portType:>

! W sdlO perationRef>

s wesdld peration=

<q gz wsdll ([ hittp: /1 92.168.1.3 4:308 daxis/servicesMonitors
enice? 2l splay ] o ing: wsling; 1)
<gromnding: wsdling geP arts rdf:y Type="Collection™
<g ing: wadiMessagelal
< grounding: wsdiMessageP art>http:/192.168.1.34: 30 30/ axis : i MonitorSe

rvice Zwsdizuri</grounding: wsdiMessagePart>
<grounding:owlsParameter
rdfresourc e="file: C:'SWEngine_0Oct/data/proc ess/Processhodel_Monitor.owls
AFFVURL" =
</grounding:wsdMessageMap>
</ groundi ng: wsdlinputMessageParts=

<l ing: Wsdl Atomic Pr wding=

{1l ing:W icPr 1]
rdfIb="monitor_PM_DISPLAY_DEFAULT_COHTEHT">

“grownding:owlsPrecess
rdfresourc e="file: C:'SWEngine_0Oct/data/proc ess/Processhiodel_Monitor.owls
F2x IhET>

<q gz wsdID hittp: /1921 638.1.34:8 080 axis/servicesMonitorServi
¢e?wsdl< igrounding: wsdiD ocument=

<grownding: wsdlOperation>
< grounding: WsdlOperationR ef -

<grounding: operation> hittp: /192.163.1.3 £308 0/axis'servicesMonitorS ervice?w
sdddisplayD efaultContent</grounding: operation>

< grounding: portType>http: /192.168.1.34:8 080 'axis/'services MonitorService ?w
i itorSE< /gl i Type>
</grounding:Wsdl0 perationRef>
</ groundi ng: wsdl0 peration>

M92.168.1.3 4308 is/servi Monitors

< grounding: wsdlinputMes sage-hty

envice?wsdlZd splayD efaultC equest<igi ling: wsdlinputivk Il
<ig linorWsdl Atomic P sGrounding>
<rdf:RDF >

0 17 OWL-S Grounding 000000
Fig.17 Sample description of OWL-S Grounding.
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< ?xml version=""1.0" encoding="UTF§""?>
<wsl: definitions
targetlamespace="http:/192.168.1. 34: 80 80 /axis /servic es/Monitor Service”
amins="Tttp:/s¢ hemas.amlscap.org/wsdl™
xmins: apac hesoap="htip: “xml.apa che.org/xml-soap™
xmins: impl="htty 2.163.1.34:8 080 /axi siservices Monitors ervice "

Tty

xmins:in 68.1.34:3 080 axisisenvicesMonitorS ervic e”
xmins: soapenc = hemasxmisoap.org/seap/encoding™
xmins:ms1="http: monitor se.smix™
xmins: wsdl="http hemas. xmisoap.orgiwsdl™
kil ] "hittp: s el | soap.org/wedlisoap™
wmins: xed="Ttp: fwww.w3.org 2001 X MLSc| BT 1ty I
targetlamespace=""http://monitor se.smix"™
amins="Tttp: ‘www.wi.org2 001 XMLS c hema™> <import

I "Tttp: /i o1 i ing/” i><complex Type

name="PrinterE Hion"= 1 lcomplexType></sch Twsdl:tyy
es>»
<wsdl:message name="displayContentR equest™>
<wsd:part name="url" type="xsd:string"/>
</wstdl:message>
<wsdl:message name="disp ayD efaultC ontentR equest™=
<wsdl:message>
<wsdl:mes:sage name="outputURLRecuest™>
<wsd:part name="url” type="xsd:sting™/>
</wsdl:message>
<wsdl:message name="outputURLResponse”>
<iwstll:message>
<wsdl:mes:sage name="PrinterException”>
<wed:part name="fault” type="ths1:PrinterkE xception"/>
</wstll:message>
<wsdl:port Type name="MonitorSE™>
<wsd:operation name="displayContent” parameterorder="un"
< H A g

I a ¥ S{Hay M
name="displayContentRequest™>
</wsdl: opreration=
H:operation name="displavD efault Contemnt™-
put messa ge="impl: displayD efaut ContentR equest™
name="displayD efaultContentR equest™/>
</wisdl: operation=
<wsd:operation name="outputURL" parameter Order="url">
<wsdl:input message="impl: outputUR LR equest™
name="outputURLR equest”
< wsdl: output message="impl: outputURLR esponse™
name="outputURLR esponse”
< wstll:fa ult message="Tmpl:PrinterEx cepti
</wsdl: operation=
<lwsdl:portType:>
<wsdl:binding name="Monitor Servic eS
cing style="rpc"”

" name="PrinterEx ception">

PO s0a Y tpTi>
<wsdl:operation name="displayContent">
< wsdl poperation pActi ==
< wsdll:input name="displayConterntRequest™>
<walls oap:body
enc odingStyle="http://schemas.xmisoap.org/soap/encoding ™
namespac e="http: /imonitorse.smix ™ use="encoded"/>
< hwisdlzinput=
</wsdl: operation>
<wsd:operation name="displayD efaultContent™>
< wsdl poperation pActi ==
< wsdl:input name="displayD efault ContentR equest™>
<walls oap:body
enc odingStyle="http://schemas.xmisoap.org/soap/encoding ™
namespac e="http nonitorse.smix ™ use="encoded"/ >
< hwisdlzinput=
</wisdl: opreration=
peration name="outputURL">
roperation soapAction=""">
<wsdl:input name="outputURLR equest™>
<walls oap:body
enc odingStyle="http:/' schemas.xmisoap.org/seap/encoding™
namespac e="http: /monitorse.smix " use="encoded" >
< fwsdlzinput=
< wisdl: oukput name="outptURLR esponse™-
<wsdlls oap:hody
enc odingStyle="http://schemas.xmisoap.or g/scap/encoding™
namespac e="Tttp: /192.163.1.34:3 030 axisservices Monitors ervice”
use="encoded"
< jwsdl: output >
< wsl:fa ult name="PrintesE xc eption™>
<wslls oap-fault
enc odingStyle="http://schemas.xmisoap.org/soap/encoding ™
namespac e="http:/192.168.1.34:3 030 ‘axis/services MoenitorS ervice™
use="encoded"
< jwsdl:fault>
</wsl: opreration=
</wstll: binding>
<wsdl: servic e name="MonitorSES ervice">
A:port hindi itors ervices RBinding™

I
name="MonitorService">
<wsillso apaddress

3 :/192.168.1. 34: 30 80/axis servic es/MonitorServic e’/ >

</wsdl:port>
<iwstll: service>
</wadl:definitions>

018 wsSDLOOOODOO
Fig. 18 Sample description of WSDL.
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