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Abstract

OSGi enables services to be dynamically discovered through its service registry for fostering
interactions among themselves, positioning itself as one of the most prominent SOA technologies.
Web Services also provide a mature technical base of open business services being employed over
the Internet and allow more value-added applications to be built up from component services. In
this paper, we propose a new architecture, built on the concept of dynamic service binding, to
support interbred service compositions of OSGi and Web Services. Web Services are imported into
OSGi domains, and the compositions are described in WS-BPEL language. The support for
crossbred compositions of OSGi services and Web Services opens up a new opportunity of a wider
range of applications beyond their respective traditional target domains of home gateways in LAN
environments and business applications in global Internet environments.
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Fig. 1. Utility Payment Scenario
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Fig. 2. Service Interconnection on OSGi Framework
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Fig. 3. Service Composition Support by Plumber System
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{process name="BankTransfer” ....... 7y
<variables>
<variable name="clientRequest”
messageType="
BankTransferRequestMessage”/>

<variables>
<partnerLinks>

<partnerLink
name="MyBankTransferService”
partnerLink Type="BankTransferService”
1/JartnerRole:”BankTransferServiceProvider"
>

</partnerLinks>
<sequence>
<receive name="receivelnput”
partnerLink="client”
portType=" BankTransfer”

operation="startprocess”
variable="clientRequest”

createlnstance="yes"/>
<invoke
partnerLink="MyBankTransferService”
portType=" BankTransferService”
operation="checkBalance”
inputVariable="CBRequest”
outputVariable="CBResponse”/>
<invoke
partnerLink="MyBankTransferService”
portType="BankTransferService”
operation="transfer”
inputVariable="transferRequest”
outputVariable="transferResponse”/>

</sequence>

</process>

32| 4. BankTransfer BPEL Zi&A]
Fig. 4. BankTransfer BPEL Description
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150 @B FEERES ®mIGE(2009. 11)

k= BPEL Z2A2 4ol H2l¥ clientRequest B2 ¥
F S 4 o} #7 FAE Fashe AHlzoltt. 239
WS-BPEL Z2AA%E g0y Ae]HE (sequence) &
HHERY AA TaAavt B3 Aot o] (sequence)
JYAEE UFe) JeEIE SAUR st 2E on)
seg e (receive) AEHEIRE HyPHrt. o]
JEHIE}S Agshe BPEL 2429 o8 Au|Acte] &
Ae sevgzd AFoldrl (invoke) HEHEIE BW
MyBankTransferService FEWH A= 71€49] SEVE
A Reld 2J&) BankTransferService HEUEIe]gke A

%%

<?xml version="1.0" encoding="UTF-8"7>
<definitions name="MyBankTransferService” .......

<message name="debitRequest”>--</message>

<portType name="BankTransferService">
<operation name="checkBalance”--->
<inputmessage="CBRequest"--/>
<outputmessage="CBResponse”-/>
</operation>
<operation name="transfer”-->
</portType>
<binding
name="BankTransferServiceSoapBinding”
type="BankTransferService">
</binding>
<service name="FooBankTransferService”>
<addresslocation="http://localhost:8080/axis/
services/FooBankTransferService”"/>
</service>
<partnerLinkType
name="BankTransferService"”>
<role
name="BankTransferServiceProvider”>
<portType
name="BankTransferService”/>
</role>
{role
name ="BankTransferServiceRequester”)
{portType
name ="BankTransferCallback”/»
{/role)
</partnerLink Type>
</definitions>

2| 5. BankTransfer Z2MA Ad|A2] WSDL
Fig. 5. WSDL Descriptioin for BankTransfer Service
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Fig. 6. Service Interaction via Partner Link
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i1, o] o]&3ld BPEL descriptor2%€ WSDL %9
FRE A3 T o|2RH Mula FAE S| Al

o A4g ¢ A Enh

<?xml version=“1.0"?>
<BPELProcess id=“BankTransfer”
src="BankTransfer.bpel”>
<partnerLinkBindings>
<partnerLinkBinding
name="“BankTransferService”>
<property name="“wsdlLocation”>
http://localhost:8080/axis/services/MyBan
kTransferService?WSDL
</property>
</partnerLinkBinding >
</partnerLinkBindings>
</BPELProcess>

2| 7. BPEL Descriptor® WSDL i &5
Fig. 7. WSDL Location Information in BPEL Descriptor
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Fig. 8. Service Interactions across Heterogeneous Domains
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Fig. 9. Service Composition Process
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ServiceFactory factory = ServiceFactory. nevdnstance(};
QName serviceQNamoe = new QName(sorviceNamae);

Service servics = factory.

Sorvice{ser Name};
QName portQName = new QName{PortType);
javax.xmirpe.Call call = service.createCall{portQName);
call.setTargetEndpointAddress{serviceURi)
call.setProperty(Call. ENCODINGSTYLE);
call.setOperationName{operationamey;

calladdParameter(Qtype, Paramsterhode. IN);
calladdParameter( Qtype, ParameterModeN);
QName TYPE = new QGName(xsd, type):

call. setReturnType({TYPE);

{mozsage tamo=trag Raguest’,

<P} versions*1.0° encoding="UIF -7 -
£ detinitions ... gmineiusd> T i www w3 erg /200 /XML Scheme™>

<part nameinl
<{part namo=ini

{fmessage?
Cmassage name~"traneferRes

pOnsR’”
<part name~"transtarRetun’ type~*asd double’

<fmeesaged

< mxt'l'm Tame = BankT musterServicy’

<aperation nama~"transter Ordar=ind inl"> .. <A

oo ype>
<binding name="MyHariT ravef

nnnnnnn

typeRankT ranst ine">
) *mis0ap.0re. Mrsep'S>.

<Cwsdlseapbinding stylee’rpe® transport="betpif/s

WEATEA OVETANED doapaction"fr
Siaput mames faif o
Cwadizoapdoddy rncodingStylew"hitp:
Auput®
<ontput pame"trangdteBesionss™>
Sz0apbod dingStylenhit

chanms. xmiseaporg/eoaploncodion/y ., £&

<1fsch s feo2p/ancoding s £
< Jeutpur>

<Aelinitions>

13l 10. BankTransfer Mu|AS 95t Call 24| 4
Fig. 10. Call Object Creation for BankTransfer Service
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WSellyst#715 22 & Win Aulzel ¢eloleb =
4 59 olslEd tigdtl &, Proxy Managere ¢ A
uj29| oHE glaviel 8T Yt

52 Proxy AlH|2

Proxy AHlae € Au| 2] tielzi2A OSGE Z#id4
3d| @ AMu|2g S2=o] 0SGi Mu|x9 AF AZE &
Qofof slmz, 9 Mulxel diF] 7|%g Sy A3
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FAlel A dsfol et

Proxy AHl&E ¢ M2 BE, OSGI &, WAIA W

2 259 A FEoz A 9A 9 Aula 5&/4q
BES Axis(11)eM ¢ AMulz 328 H3) Agshke
JAX/RPC Elgle] APIQ! Call A9 invoke() WAEE
B3 9 Mulas) uiklg @} ol ¥xe AY Zeiav
4 Mu)xe] QdEHo|A glo] Call AME ©187 T4 5%
QlE}#|o] ~(dynamic invocation interface) ZelolAdES]
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ypdated} ..
poll(}
pfée

poll()

Update()
response() peled(}..} Producer
invoke( Consumer updated(},..)
l pige '

" Update()

poltediyl..}
Producer

22| 11, Proxy AdAg]| sAX] Xz
Fig. 11. Proxy Service's Message Processing
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a3 118 ZEA|9] AAHQ F3E vepn sl 19
9 WX A 28 HA 5199 AR Aul e Al
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gal7] 948 ol Aol update() WA=E FEFT o
go]zo]  ypdate() WATDE A9 ZEA Mul2x9
updated() WA=E &3 Hi1, updated WA=E Y
o] ol ¢ rulx Ha] g o8] 9 Mu|ag) 3
gl ojn 9je] MujazRE AEH o] AMSHD
A Mulx T20] A3 g A9 Anix Mu|2oA A
e}, olskE HHE poll() AAEE AMgaled A9l Ay
27} 3l9le) MH|AE 328 £5 e, TEA HaE
polled() wla=o] Held ¢ MH|x= 55 ZEL B3 AH|
2 873% Aewo,
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Plumber A¥]2= BPEL 71$X41& #4331 T Au|x
E< 0SGi Zed2 B7olM Melx~ 255 4 3 3
s Al AH|2ele}, o] B9 AH] 27t § Al As
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/services/MyBankTransferService?WSDL'E  sl&tn|g]
FOZ 3lo] ZFA9 S 8ol Pt olojr] ZEA]
A ga7) ER1E F Hlol 28 o3l AulaE PPt

54 &3 MH|A HiolH

WS-BPEL 219 71€A1E o] &3 Xulx 23] £4]
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Q3G framework

r‘ }Dynamlc partnerfink f (.} iDynamicservice binding

23] 12. A=FHQIE HHHAE 0185 S& AH|A HloIE
Fig. 12. Dynamic Service Binding via Endpcint Reference

73 12 WS-BPEL-IM 4M18 Y12 EndpointReference
Fol MFE ARl Fedeln, A Mulae Z2A2 F
Z AN gtk B3 SEURIAC o3 ZAH=
BPEL Z2A29] 53t #4& BoZr}t 2dg BY w4
(1) EndpointReference® 811814, (2) LA Ae &Y
ke HEY YaE Fx3kn, (3) descriptor Y& E4
WSDLY) 48 #Isld, (4) 28 139 22 WSDL #
e Bl HA Au)29 o|FF T4 HEE IS5 A
o=z A3 defje] BPELH vlwala Fod Hujxe] A
5 ulgel #F 332 59 A vE F RS sl
Aul s 23] fAXNS Addhe Ao B ¢ 3ot

2 AFgA e oleix L o vkt FH Au)x n}
Adolgle Az /YL AtEl Hqula 23] {AS
Fgrldoz 7ldstdet. ol 7122} BPEL descriptor %
2ol FEER G OSGi Ml HAAERE A3l A}
£ U228 FHo2 WAE ¢ I=E It & BH A
H] 2 W1 & Au] 2ol i3t A=IIEES Fzxsl7] Y3 2
2 129 G4 (4)9 o] 0SGi Mu|2 YR 2ELE o] &
g},

<?xml version="1.0" encoding="UTF-8"?>

<service name="“FooBnakTransferService”>
<port name="BankTransferService” binding =
“BankTransferServiceSoapBinding” >
<addresslocation="-
/FooBankTranferService"/>
</port>
</service>
<service name="BarBankTransferService”>
<port name="BankTransferService” binding =
"Bank TransferServiceSoapBinding”>
<addresslocation="-
/BarBankTranferService"/>

</port>
</service>

<'/”\;vsdl ‘definitions>

72| 13. BankTransfer Ale|2e] WSDL
Fig. 13. BankTransfer Service WSDL Description

28 14% OSGi MM~ HRA2ELE o468 + U=s
2% 79 BPEL desciptor e OSGi AM¥|& 327}
718 g BodEnt. 189 osgilocation 901 F7 A
H) 2 FH Plumber AH|2ol o3 F& Mu]x 743 v}
oo} o] g5t} & £, Plumber AMH]2E 0OSGi Zd|
A9 29] getServiceReference() WAEE E38] 0SGi A
H& HRAEE HMstm, Mu|AE9] property FEE
golsld org.osgi.service. PartnerlinkType property”Z}
BankTransferServiced! 48|28 &t OSGi Myl
AR 2Ee]7} Mu)xe] e AEE THoB A3 HiY
3o 7] W FAR Mulze @ AFA 7P 2
Au|2dg BAEE 4= glAl 9ot

<?xml version="1.0"7>
<BPELProcess id="BankTransfer”
src="BankTransfer.bpel">
<partnerLinkBindings>
<partnerLinkBinding name=
"BankTransferService”>
<property name="osgiLocation">
BankTransferService.osgi </property>
<property name="wsdlLocation"”>
http://localhost:8080/axis/services/BankTransferService
IWSDL</property >
</partnerLinkBinding>
</ partnerLinkBindings>
</BPELprocess>

a7 14. SXQ) M| vRRIEE I8t BPEL descriptor
Fig. 14. BPEL Descriptor for Dynamic Service Binding
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A Avx vkIge Mu) 2 AF A shEHE =9} deseriptor
ol g Azdled OSG A& HIR| AER) 2 RE] ME| A9 o]
&3 48 AMela, 12402 dEIQE s vge
A F el AMHAE dAsle A8 Azt g B2 A
] z9) uRRIgE A gt o] FF AHlx wlelg 7pde) 7]
3] AAIE 0SGig 9 olF =rlle] Aula 23 Al2ag
< 7129 ¢ 0SGi &% 7} vm3lH Plumber AH]
28] Bo]Zg o] &5f MH|AE uiQidFdoeN e Mulx
233 A7t 7hedithe Aot T, &J, Aula 2
¥ 712l WS-BPEL& AHE3] W&ol 71429 Edie} gt
A4S 2EE F A3, ML E 59 MR 712 97
AHE I = o]4% & ke Ao} ok

VI, A|lAH =2 EElQ] 73

S 3730 AR B e FF8F 9 AuReE
& 3k OSGi ZelYdla 87oM 08Gi Aulzel 4 A
B8 B8l 2L 58S PSR AW 28 Al2E
Zzrelgle] FHE 2 A Atk 78 #7380z ¢
AH]2 2 WS-BPEL &2 EW JVM J2SE 6.02 7¥te.
2 3o Axis A1 373E 919 Tomceat 5.57F AMSH Y=
g Aulx AR A28 8l Apache Axis 2.0(11)7} A
459t Eg WS-BPELS ¢l BPEL 3oz
Active-BPEL 5.0(13)¢] Tomcat 5.5 344 AF-EQ
o} OSGi ZHUYZ SelMe JVM J2SE 6.0% 7)ute.
2 81 0SGi 2% T8E Knopflerfish 2.05 AollA A
Hlx 28 A~ Z2EEllE el

<?xml version="1.0" encoding="UTF-8"?>
<{Process  ..ocoeen.. >
Zéééuence>
<{receive...... variable="AutoPaymentVar">

<invoke partnerLink="To-Do_list"
operation="schedule"
outVariable="scheduleVar”>

<switch name = “MeterReadings”>

<case
condition="getVariableDate(‘scheduleVar.t
ype')='gas’">

<invoke partnerLink="gas meter"
operation="read"/>
</case>
<case
condition="getVariableDate(‘scheduleVar.t
ype')="water’”>
<invoke partnerLink="water meter"
operation="read"/>

</case>

<case
condition="getVariableDate(‘scheduleVar.t
ype')=electicity’”>

<invoke partnerLink="wattmeter"

operation="read">

</case>
</switch>

<invoke-- partnerLink="utilityCharge"--
operation="calculate">
</invoke>
<invoke operation="startprocess"
partnerLink="BankTransferRequest” >
{assign name="DynamicServiceBinding")
{copy)
<from>
<EndpointReference...>
<Address />
</EndpointReference> </from>
<to variable="partnerReference" />
{/copy)
(/assign)
</invoke>
<reply ....>
</ sequence>
<{/process>

3] 15. AutomaticPayment BPEL 7&A]
Fig. 15. AutomaticPayment BPEL Description
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Fig. 16. System Prototype Implementation
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