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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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(process name ="BankTransfer”

<variables>
<variable name="clientRequest”
messageType="
BankTransferRequestMessage”/>

<variables>
<partnerLinks>

<partnerLink
name="MyBankTransferService”
partnerLink Type="BankTransferService”
partnerRole="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>

T2l 4. BankTransfer BPEL 71&A
Fig. 4. BankTransfer BPEL Description
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<?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="Bank TransferServiceSoapBinding”
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>

02| 5. BankTransfer Z2AMA AH|A2] WSDL
Fig. 5. WSDL Descriptioin for BankTransfer Service
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<?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>

T2l 7. BPEL Descriptore| WSDL 2fx| &E
Fig. 7. WSDL Location Information in BPEL Descriptor
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<?xml version="1.0" encoding="UTF-8"?>
<definitions ...... xmlns :xsd="http://www w3.0rg/2001/XMLSchema">

SarviceFactory factory = ServiceFactory newinstance();
QName serviceQNams = new QName{serviceNama);
Bervice servics = factory.createService(serviceOName),

= new QN

€3 portQN

<{message name="transfe

PortTypel; /

Request">
type="soapenc:string}/>
type="xsd:double”/>

<part name="in0'
<part name="inl

{/message>
{message name="transferResponse">

Cpart name~"transterReturn] type="xsTdmET}
{/message>

Javaxxmbrpe.Call call = service.crestsCall{ portGliams);

B gt A g

call.setTarg ¥

URIK

ess{sur

call setProperty{ Call ENCODINGSTYLE)

%

callastOperatio et %

calladdParameter{Qtype, PatameterBode [N);

alladdp {Qtype, P Made Ny

QiName TYPE = new QName{isd, typek

callsetReturnTypel{ TYPE)

</portType>
<binding name="MyBankT ransferServiceSoapBinding" type="BankTransferService">

<wsdlsoap'binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>

Wsdlsoap operation soapAction=""/>
<input name=" ferl e
<wsdlsoap:body [encodingStyle="http://schemas.xmlsoap.org/soap/encoding/] ..... />
<finput>
<output name="transferResponse">
<wsdlsoap'body encodingStvle="http://schemas.xmlsoap.org/soap/encoding/" ..., D
</output>

</operation>

¢ pinding>

[service name="BankT

Port binding="M BT Binding" “MuBankT
< - ey

</port>

{/service>

<{/definitions>

T2l 10. BankTransfer AH|AE 25t Call 2| A4A
Fig. 10. Call Object Creation for BankTransfer Service
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“""""’"‘"' 5.3 Plumber Service
lpipe t Plumber AH] 2~ BPEL 71&4 8 #4510] O] Aul~
Update() 55 OSGi ZH YA $HelA] Aulx 23he A8 5 3
response() polied(){..} Producer Bl A] 28l Au] 2olth o] ©he] Au]Art 9 Ajn] 0l Ao

Web Services M Proxy . " =
I corsumer s H&3 Web Gateway AHI~E B3 AHE ZEA] A~
WVOKE

polil)

l pipe t
Update()
polled()...}

T2 11. Proxy AMH|22| HAIX] X2
Fig. 11. Proxy Service’s Message Processing

o2 OSGi &/#2] &S Plumber AH]49] 3}
o|ZZ o]g3le] B} OSGI AMulxage] AAL A3t
Plumber AH]29] slo]Z&= obx Amgd njo} o] FHo]
3 AFAR AulA 238 7FseiAl @tk Plumber A2~
& Ao RN Ak A2 QIEF o] AE HF TESE
0SGi Z2awiv 2date 2] Mujx dZ0] AH5oR o
FolA 3, A7 e BUEY, JH Rigel wet g e
AMulzze] A Bt AdE 5 Qo

opjgko 2 WAlA] Wg REL o]F AMH|AZM] A%
8] 0SGi =rilelzh 9 =ri9l 7 Elojg] wAA] ElS
tohe BEO|T} HAIA] WSk ¢l A

- rE oo

st | Au) 27} Call A &
< B3 SOAPE ¥KRIYE 38, OSGi ZHd¥ae
o] E o] g3 HIRIHo] o] Folx]7] el Fasitt
HAI]

WS vield By Wk o] gt}

a7 118 ZEA9] A F2he Vel givt. 13
o] wiAIA] HEE B WA sk9le] AR Aul s 3919
ZEA] AE|zoA] Ale] Ak vlolHE, & HARE, A
g3l7] 98l gel=Z F9] update() MAEE SE3} o
glo]Zo]  ypdate() WAEE FY ZTFA] AH|A9]
updated() WAEE T&3 =i, updated HAEE
ol gole §) Aul2 ] mEdl o) §) Al S
At olwf 3919 AH|~2FE HEE Fho] AHEE L
A AME 2 320 A gk 3o AnAl A zelA A
Hoh, olof= HHIE poll() MAEE ARSslo] 9] AH]
27} 3919 Mulag 35T & e, ZEA] Aulas
polled() "laEd] HoJd ¢ AMH|2~ 52 252 53l AH|

2 874<& A2t

7F OSGi EHQloA] 2 M| AZ tig)skAl ©th. Plumber
Al e A2 2349 ARssiele 3549 B3 SlolAl
£ ol (2] FARIY, BPELS AHl2 23 7] o]
2 Aesln F Mujaste] A5S TFdsle Web Gateway
EYshe & ASHE s APdAE I

AH] 2z 23 AV @ 9] g WS-BPEL 71417} 0]
A Plumber AMH]2E ©]& BA3k] OSGi 48|29 4 A
HIAE it OSGE Al B 2AIgle] Fo| 28 53
A AMu]~E Web Gateway
Au) 2o ko] 3 73} o] BPEL descriptorE E3f &1
¥ WSDL 3kl “http://localhost: 8080/ axis
/services/MyBankTransferService?WSDL'E  32jv]g]
Fo2 slo] ZEAY AP aslof gt oJojr] ZEA|
A ot IRIE F Tlo] 2E o] 83l AH|~E e

A2

98 = QAT £

=
Faxl

54 X MH|A dioldd

WS-BPEL £€tde] 71$AE o]-ak AH| 2~ 23] 24
e AA=E MRAET O FA7) AR A Elofo} she
ol gt} o3 AlS FHe) 93
Weko 2 WS-BPELS dERlell A AH|AE Hojsts A
7FseH sk sl WS-Addressing #3(12)S =8}
Act, B =RoAE o2 g WS-Addressing ¥52] d=x
9E @9 ¥ A(endpoint reference) S A3 2] HEY
&7 (dynamic PartnerLink) (1)5 OSGi 3gellA] dxAl
A OSGi AH| 2 A 2~Egjol| A g Afu| 27t Au]s 2
Yol AHEE 5 UES B FA A2 vkIE S AR
o] F33it}. 54 AMH|~ HRRIY-S EndpointReference ¥
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OSGi framework

e Dynamic partnerlink U} Dypamicsesvice binding

T8 12, A=ZQIE BHHAE 0|85 S& AH|A HIQIE
Fig. 12. Dynamic Service Binding via Endpoint Reference

T% 12= WS-BPELAK AH1AE QA2 EndpointReference
o] M5 AMgst] Aojstar, AA MRlae ZEAA 5
Z Al dshe B4 SREYR A 9]511 AR e
BPEL Z2A|~9] 22 313 Hoert, 18-S B Hx]
(1) EndpointReference® 215Pd, (2) T=AAE T
st FJEY #g3E Az, (3) descriptor LS 31
WSDLe| 4% 2RIk, (4) 23 137 22 WSDL 3
A B3l AAl AE|29] o] T4 ARE I53e HF
o7 Fgtt ¥#e] BPELY Hlusts Fo] AH]2=9 A
U8 HE 24e 7 AR vE T UEF Sl
A2 23] fAE AYdke ZeZ B 4 ok

B AT A= olddlA] g O volrt FA] Au]s HE
Adoleis 2R 7S AlSkste] Auls 23e] FAdE
gr)1d oz fAEIT} o] 71Z2] BPEL descriptor %
2ol FehelR] ¢a OSGi A& A AERE HA3te] A
S MU AE AR AP F UEF St & T4 A

< Az gk A=FRIES x5}y

oy

RESSEE ] 9lel 2
2 129) @l (4) 2ol OSGi A¥l2 A 2EelE ol%
.

<‘7xml version="1.0" encoding="UTF-8"?>

<Serv1ce name=“FooBnakTransferService”>
<port name="BankTransferService” binding =
“BankTransferServiceSoapBinding” >
<addresslocation=""-
/FooBankTranferService”/>
</port>
</service>
<service name="BarBankTransferService”>
<port name="BankTransferService” binding =
"BankTransferServiceSoapBinding”>
<addresslocation=""--
/BarBankTranferService”/>

</port>
</service>

</W sdl:definitions>

72| 13. BankTransfer AH[A2] WSDL
Fig. 13. BankTransfer Service WSDL Description

I3 14+ OSGi A~ gAIZERE o868 F UES
1% 79] BPEL desciptor 3ol OSGi AH]~ #2273
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BankTransferService$l AH|2~E ZLhT% OSGi AH]2
HAAE 7L M2 e RS FAOR Al vk
Sk 17wl HAE AMHlAE A % %’f 1A 7V A3t
AE|29-S BAS 5= 9lA ")

<?xml version=“1.0"?>
<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
?WSDL</property>
</partnerLinkBinding >
</ partnerLinkBindings>
</BPELprocess>

T2 14, ™ol AMd|A HIRIElE 2fst BPEL descriptor

STl

Fig. 14. BPEL Descriptor for Dynamic Service Binding
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54 Au] A vRIYE M| A 914 A] SEHR A9} descriptor
t2slo] OSGH AH|2 HIR| 2B 25E AH]|49] o
s, 1 AAR JEIIE HHHs weR
AME)2E thAsle] A8 Azl $s] T2 A
H20] wiold & x| g}, o] 57 Ak uielg sde 7]
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rk*l mlm \-N
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B4e 8 oda, N E 5 FeME 71E
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VI Al2H EEY 73

A 3FellA] AN ut &% TEEE HWE AU E
o 2 3lo] OSCi ZHYY g
Hl*—a— Tl 2R S8 ?W Bk Al 23 Al 2E
ZREERIY] FAE B HolA Audtt 7 HoE ¢
AMuz 9 WS-BPEL =& 29 JVM  J2SE 6.0% 7|4k
2 3l Axis AH EE 98 Tomcat 5.57F AHEE 3L
A My 2 wAIR] AE]E Y3l Apache Axis 2.0(11)7F AF
L899 £33 WS-BPELS 93 BPEL dxlez
Active-BPEL 5.0(13)°] Tomcat 5.5 8740l A=
t}. OSGi ZHAYA ZolMe JVM  J2SE 6.0
2 3}a OSGi 282 783k Knopflerfish 2.05 AollA A
vl 23 Aldl ZREER]E U

<?xml version="1.0" encoding="UTF-8"?>
<Process  .eeeeeenn. >
Zééduence>
<receive...... variable="AutoPaymentVar">

<invoke partnerLink="To-Do_list"
operatlon*”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>

7]uko.

2! 15. AutomaticPayment BPEL 7I&A
Fig. 15. AutomaticPayment BPEL Description
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T2 16. AIAE Z2EER| 7
Fig. 16. System Prototype Implementation
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