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Nowadays, the workflow management systems of Grid systems are developed
and implemented based on proprietary technologies and systems. These systems are
not interoperable and have limited management tools. Furthermore, there is no standard
workflow specification of Grid systems. To resolve these problems, this thesis proposes
the use of BPEL specification to manage Grid workflows. BPEL is currently a de-facto
workflow standard in distributed systems. This thesis use BPEL to orchestrate OGSI-
based Grid services. In facts, the use of BPEL orchestrating Grid services has many
problems. BPEL processes are not able to use OGSl-based Grid services’ mechanisms

and features. They also can not orchestrate secure Grid services.

This thesis proposes BPEL-Orchestrated Framework for Grid Services. Our
framework act as convergence layer between Grid services and BPEL processes. This
framework proposes three important components; helper Web services, WSDL
modification tools and security proxy. By using these components, we can use BPEL
process to orchestrate -and: use all features and mechanisms .of both non-secure and
secure Grid services without modifying standard BPEL specification. For testing the
framework; this ‘thesis: developed BPEL processes to orchestrate secured sample Grid
services and Globus’'s GRAM Grid services. Using GRAM Grid service via BPEL process
encourages the use of Grid systems for non-scientific domain as well as simplifies the

development of Grid applications.
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2.2.2 On Using BPEL Extensibility to Implement OGSI and WSRF Grid Workflows
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Our Proposed Framework
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Grid Service Factory
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Web Services
Client —

[ 1 <enveloper>

1 <enveloper> | <header>

H <header> H <name>XXX</name>
<name>XXX</name> i </header>

vV

</header>

<body>
- : <

</body> 4 <fenveloper>

}
!
!
:
: :
e \
'

Create an instance named XXX

®
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Helper Web Services

BPEL Process
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i <body>
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Subscribe ! <lbody>
<correlationSet> 1 <lenveloper>.
1234 i
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<Jenveloper> \
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v

Grid Service
Notification Source A

A A
A A

BPEL Process Helper Web Services

Notfication Msg.

i notification msg.
<correlationSet>. i <lbody>
1234 | </enveloper>
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dy> H

<enveloper> { <enveloper>
<body> \ gy | <body> @
H

<Ibx
<Jenveloper>
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None-Secure Grid Service

BPEL Process HelperWebService
Instance

I I T
I I |
| | I
1 createServicelnstance() 1 :
I |
I ] . |
: : createService() :
| I —pl
: : createServiceResponse :
I ) K- — e 4
: createServicelnstanceResponse : :

_____________________________ 1 |
:é_ | I
| I |
I I |
I I |
| | |
| | |
: subscribeToHelperWithCorrelation() : :
1 » I
i gl . I
I | subscribe() :
I |
1 T - —P
: : subscribeResponse :
[ e I St e 4
: subscribeToHelperWithCorrelationResponse : :
K —————————— g — 3 S — o 1 |
| | |
I I |
I I |
: L deliverNotification() !
I A |
L deliverNotificationWithCorrelation() ! :
" 1 I
| | |
I | |
| I |
I I |
| ! :
: otherOperation() I
| | R
I T
: otherOperationResponse 'i
e T 1
I I |
I | |
I I |
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| | |
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| destroy() |
— 1 =I
: destroyResult !
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<securityConfig xmIns="http://www.globus.org"”
xmins:autodock="http://chemistry.thaigrid.org/portal/gridservices/autodock/transient/instance"
xmins:ogsi="http://www.gridforum.org/namespaces/2003/03/0GSI" >
<method name="autodock:submitAutodock">
<auth-method>
<gSi>
<protection-level>
<privacy/>
</protection-level>
</gsi>
</auth-method>
</method>
<method name="autodock:setAutodockJobStatus">
<auth-method>
<pkey/>
</auth-method>
</method>
<method name="destroy">
<auth-method>
<gsi/>
</auth-method>
</method>

<method name="subscribe">
<auth-method>

<none/>

</auth-method>

</method>

</securityConfig>
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<securityConfig xmIns="http://www.globus.org" ...

>

<grim-policy-handling>
<ignore/>

</grim-policy-handling>

<credential-delegation>
<full/>

</credential-delegation>

<credential type="MyProxy">
<host>apollo1.cp.eng.chula.ac.th</host>
<username>g46pan</username>
<password>5a44e3e1</password>

</credential>

</securityConfig>
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GSlSecureMessage M snannnsnaFelndlasauuumnudaeniadniulsranunsa

Lasaaligh 21

<securityConfig xmIns="http://www.globus.org"
xmins:ogsi="http://www.gridforum.org/namespaces/2003/03/0GSI">
<method name="ogsi:createService">
<auth-method>
<pkey/>
</auth-method>
</method>
<method name="ogsi:destroy">
<auth-method>
<pkey/>
</auth-method>
</method>
<credential type="MyProxy">
<host>apollo1.cp.eng.chula.ac.th</host>
<username>g46pan</username>
<password>5a44e3e1</password>
</credential>

</securityConfig>
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a

Start
proxy.createServicelnstance
proxy.setAutodockJobStatus
proxy.subscribeToProxyByName
pick a deliverNotificationFromProxy message

End
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<definitions ...
xmins:bpws="http://schemas.xmlsoap.org/ws/2003/03/business-process/"
S>>
<bpws:property name="correlationInteger" type="xsd:int"/>
<bpws:propertyAlias propertyName="tns:correlationinteger"

messageType="tns:subscribeToProxyByNameRequest" part="parameters'

query="/tns8:subscribeToProxyByName/tns8:correlationinteger"/>

</definitions>
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<partnerLinks>
<partnerLink name="client" partnerLinkType="tns:DemoAutodockBPELProcessForThesis"
myRole="DemoAutodockBPELProcessForThesisProvider"
partnerRole="DemoAutodockBPELProcessForThesisRequester"/>
<partnerLink name="AutodockProvider"
partnerLinkType="autodock:TransientAutodockInstancePortTypeOLink"
partnerRole="TransientAutodocklnstancePortTypeOProvider"/>

</partnerLinks>
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<variables>
<variable name="input" messageType="tns:DemoAutodockBPELProcessForThesisRequestMessage"/>->
<variable hame="output" messageType="ths:DemoAutodockBPELProcessForThesisResponseMessage"/>
<variable name="input4SetAutodockJobStatus" messageType="autodock:setAutodockJobStatusRequest'/>
<variable name="output4SetAutodockJobStatus"
messageType="autodock:setAutodockJobStatusResponse"/>

<variable name="input4CreateServicelnstance" messageType="autodock:createServicelnstanceRequest'/>

<variable name="output4CreateServicelnstance"

messageType="autodock:createServicelnstanceResponse'/>

<variable name="input4Destroy0" messageType="autodock:destroyORequest"/>
<variable name="output4Destroy0" messageType="autodock:destroyOResponse"/>
<variable name="input4SubscribeToProxyByName"
messageType="autodock:subscribeToProxyByNameRequest"/>

<variable name="output4SubscribeToProxyByName"
messageType="autodock:subscribeToProxyByNameResponse"/>

<variable hame="inputFromNotificaitonProxy"

messageType="tns:DeliverNotificationFromProxylnputMessage"/>

</variables>
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<correlationSets>

<correlationSet name="correlationinteger" properties="cor:correlationinteger"/>

</correlationSets>
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<sequence hame="main">
<receive name="receivelnput" partnerLink="client" portType="tns:DemoAutodockBPELProcessForThesis" operation="initiate"

variable="input" createlnstance="yes"/>
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<invoke name="createServicelnstance" partnerLink="AutodockProvider"
portType="autodock:TransientAutodockinstancePortType0" operation="createServicelnstance"
inputVariable="input4CreateServicelnstance" outputVariable="output4CreateServicelnstance"/>
<assign name="assignInput4SetAutodockJobStatus">
<copy>
<from variable="input" part="payload"
query="/tns:DemoAutodockBPELProcessForThesisRequest/tns:autodockJobNumber"/>
<to variable="input4SetAutodockJobStatus" part="parameters"
query="/package:setAutodockJobStatus/package:autodockJobNumber"/>
</copy>
<copy>
<from variable="input" part="payload"
query="/tns:DemoAutodockBPELProcessForThesisRequest/tns:autodockJobStatus'/>
<to variable="input4SetAutodockJobStatus" part="parameters"
query="/package:setAutodockJobStatus/tns1:jobStatus"/>
</copy>
</assign>
<invoke name="setAutodockJobStatus" partnerLink="AutodockProvider"
portType="autodock:TransientAutodockinstancePortType0" operation="setAutodockJobStatus"
inputVariable="input4SetAutodockJobStatus" outputVariable="output4SetAutodockJobStatus"/>
<assign name="assign4SubscriptionByName">
<copy>
<from variable="input" part="payload"
query="/tns:DemoAutodockBPELProcessForThesisRequest/tns:correlationinteger"/>
<to variable="input4SubscribeToProxyByName" part="parameters"
query="/package:subscribeToProxyByName/package:correlationInteger"/>
</copy>
<copy>
<from>
<serviceDataName xmIns="http://g1108706624806.generated.proxy.ws.zeus.com">
TransientAutodockData
</serviceDataName>
</from>.
<to variable="input4SubscribeToProxyByName" part="parameters"
query="/package:subscribeToProxyByName/package:serviceDataName"/>
</copy>
<copy>
<from>
<sink xmIns="http://g1108706624806.generated.proxy.ws.zeus.com">
<handle>
http://localhost:9700/orabpel/default/DemoAutodockBPELProcessForThesis
</handle>
</sink>
</from>
<to variable="input4SubscribeToProxyByName" part="parameters"
query="/package:subscribeToProxyByName/package:sink"/>

</copy>
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<copy>
<from>
<expirationTime
xmlns="http://g1108706624806.generated.proxy.ws.zeus.com">2547-04-05T11:05:46.051Z</expirationTime>
</from>
<to variable="input4SubscribeToProxyByName" part="parameters"
query="/package:subscribeToProxyByName/package:expirationTime"/>
</copy>
</assign>
<invoke name="subscribeToProxyByName" partnerLink="AutodockProvider"
portType="autodock:TransientAutodocklnstancePortType0" operation="subscribeToProxyByName"
inputVariable="input4SubscribeToProxyByName" outputVariable="output4SubscribeToProxyByName">
<correlations>
<correlation set="correlationInteger" initiate="no" pattern="out"/>
</correlations>
</invoke>
<pick name="pick-1">
<onMessage partnerLink="client" portType="tns:DemoAutodockBPELProcessForThesis"
operation="deliverNotificationFromProxy" variable="inputFromNotificaitonProxy">
<correlations>
<correlation set="correlationInteger" initiate="no"/>
</correlations>
<sequence>
<empty name="emptyAtOnMessage"/>
</sequence>
</onMessage>
</pick>
<invoke name="destroy0" partnerLink="AutodockProvider"
portType="autodock:TransientAutodockinstancePortType0" operation="destroy0" inputVariable="input4Destroy0"
outputVariable="output4Destroy0"/>
<invoke name="callbackClient" partnerLink="client" portType="tns:DemoAutodockBPELProcessForThesisCallback"

operation="onResult" inputVariable="output"/>

</sequence>

7171 27 davdszmanasninaudenssuauns nanaiau

qN3UT 27 wanasostianIsvinanuanmiilu 9 dugen T

o v a v ~ X s o o .
1. ‘E‘LI"II'E]NNZ\]ﬂqﬁ‘L';TEIﬂSL?]ﬂﬁ‘zll'Juﬂ’]ﬁ‘llLW@u@Wﬂiﬁ@Lﬂuﬂ Iﬁﬂiﬂ]ﬂﬁ@\i receive

2. Banldlawlafisdu createServicelnstance WNA%519N3 AT ABUA LAY 1

anunsnzanldannls TnaldAnds invoke

3. Ansendeyaandenanundiiainlaaewiliundananuiiiuaunm

avsuFanldleilesisdu setAutodockJobStatus InaldAnde assign




61
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<securityConfig xmIns="http://www.globus.org">
<method name="start">
<run-as>
<caller-identity/>
</run-as>
<auth-method>
<gsi/>
</auth-method>
</method>
<method name="subscribe">
<auth-method>
<none/>
</auth-method>
</method>
<l-- defaults -->
<auth-method>
<gsi/>
<pkey/>
</auth-method>
<grim-policy-handling>
<ignore/>
</grim-policy-handling>
<credential-delegation>
<full/>
</credential-delegation>
<credential type="MyProxy">
<host>apollo1.cp.eng.chula.ac.th</host>
<username>g46pan</username>
<password>5a44e3e1</password>
</credential>

</securityConfig>
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<securityConfig xmIns="http://www.globus.org"
xmlins:ogsi="http://www.gridforum.org/namespaces/2003/03/0OGSI|">

<method name="ogsi:createService">

<auth-method>
<pkey/>

</auth-method>

</method>

<credential type="MyProxy">
<host>apollo1.cp.eng.chula.ac.th</host>
<username>g46pan</username>
<password>5a44e3e1</password>

</credential>

</securityConfig>
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<assign name="assignRsI2Ext">
<copy>
<from>
<createService xmlns="http://www.gridforum.org/namespaces/2003/03/0GSI"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<creationParameters>
<rsl:rsl xmIns:enum="http://www.globus.org/namespaces/2004/02/rsl/enum"
xmins:gram="http://www.globus.org/namespaces/2004/02/rsl/gram"
xmins:rs|="http://www.globus.org/namespaces/2004/02/rs|">
<gram:job>

<gram:executable>

</gram:executable>

<gram:directory>

</gram:directory>

<gram:arguments>

</gram:arguments>

<gram:environment>

</gram:environment>

<gram:stdin>

</gram:stdin>

<gram:stdout>

</gram:stdout>

<gram:stderr>

</gram:stderr>
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<gram:count>

</gram:count>

<gram:jobType>

</gram:jobType>

<gram:gramMyJobType>

</gram:gramMyJobType>

<gram:dryRun>

</gram:dryRun>
</gram:job>
</rsl:rsI>
</creationParameters>
</createService>
</from>
<to variable="input4CreateService" part="parameters" query="/k1001:createServicelnstance0"/>
</copy>

</assign>
<invoke name="createService" partnerLink="GramProxy" portType="service:ManagedJobPortType" operation="createServicelnstance0"

inputVariable="input4CreateService" outputVariable="output4CreateService"/>
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scope{
ext=RSL;
proxy.createServicelnstance(ext);
proxy.start();
proxy.subscribeToProxyByName();
wait(INFINITY);

}

OnMessage( notificationMessageFromProxy){
jobStatus = query job status from notificationMessageFromProxy;
If( jobStatus == ."Done™) {

proxy.destroy();

terminate();
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<assign name="assign4SubscriptionByName">
<copy>
<from>
<subscriberEndpointLocation xmins="http://ws.zeus.com/proxy/notification/subscribe/generic">
http://localhost:8082/ogsa/services/org/thaigrid/chemistry/portal/gridservices/gaussian/persistent
</subscriberEndpointLocation>
</from>
<to variable="input4GenericSubscriptionByName" part="parameters"
query="/generic:subscribeToProxyByName/generic:subscriberEndpointLocation"/>
</copy>
<copy>
<from>
<serviceDataName
xmlns="http://ws.zeus.com/proxy/notification/subscribe/generic">PersistentGaussianData</serviceDataName>
</from>
<to variable="input4GenericSubscriptionByName" part="parameters"
query="/generic:subscribeToProxyByName/generic:serviceDataName"/>
</copy>
<copy>
<from>
<sink xmIns="http://ws.zeus.com/proxy/notification/subscribe/generic">
<handle>http://localhost:9700/orabpel/default/TestOrchestratingGeneratedGramProxyAtOGSA</handle>
</sink>

</from>

<to variable="input4GenericSubscriptionByName" part="parameters" query="/generic:subscribeToProxyByName/generic:sink'/>

</copy>
<copy>
<from>
<expirationTime xmIns="http://ws.zeus.com/proxy/notification/subscribe/generic">
2547-04-05T11:05:46.051Z
</expirationTime>
</from>
<to variable="input4GenericSubscriptionByName" part="parameters"
query="/generic:subscribeToProxyByName/generic:expirationTime"/>
</copy>
</assign>
<invoke name="invokeGenericSubscriptionProxyByName" partnerLink="GenericNotificationProxy"

portType="generic:NotificationProxyPortType" operation=

subscribeToProxyByName" inputVariable="input4GenericSubscriptionByName"
outputVariable="output4GenericSubscriptionByName">
<correlations>
<correlation set="correlationinteger" initiate="no" pattern="out"/>
</correlations>

</invoke>
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<wsdl:definitions ...>
<wsdl:types ..>

<schema ...>

<element name="retrieveManagedJobState">
<complexType />
</element>
<element name="retrieveManagedJobStateResponse">
<complexType>
<sequence>
<element name="retrieveManagedJobStateReturn" type="xsd:string" />
</sequence>
</complexType>
</element>
</schema>

</wsdl:types>

<wsdl:message name="retrieveManagedJobStateResponse">

<wsdl:part element="tns1:retrieveManagedJobStateResponse" name="parameters" />
</wsdl:message>
<wsdl:message name="retrieveManagedJobStateRequest">

<wsdl:part element="tns1:retrieveManagedJobState" name="parameters" />

</wsdl:message>

<wsdl:portType name="ManagedJobPortType">
<wsdl:operation name="retrieveManagedJobState">

<wsdl:input message="impl:retrieveManagedJobStateRequest" name="retrieveManagedJobStateRequest" />
<wsdl:output message="impl:retrieveManagedJobStateResponse" name="retrieveManagedJobStateResponse" />
<wsdl:fault message="impl:ExtensibilityTypeFaultType" name="ExtensibilityTypeFaultType" />
<wsdl:fault message="impl:GSSException" name="GSSException" />
<wsdl:fault message="impl:TargetinvalidFaultType" name="TargetInvalidFaultType" />
<wsdl:fault message="impl:ExtensibilityNotSupportedFaultType" name="ExtensibilityNotSupportedFaultType" />
<wsdl:fault message="impl:FaultType1" name="FaultType" />
<wsdl:fault message="impl:MyProxyException" name="MyProxyException" />

</wsdl:operation>

<wsdl:portType>

<wsdl:definitions>
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scopef
ext=RSL,;
proxy.createServicelnstance(ext);
proxy.start();
while(true){
wait(XXX);
jobStatus=proxy.retrieveManagedJobStatus;
If( jobStatus == “Done”){
proxy.destroy;
client.callback();

Terminate();

}
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<invoke name="start" partnerLink="GramProxy" portType="service:ManagedJobPortType" operation="start0" inputVariable="input4Start"
outputVariable="output4Start"/>
<while condition="true()">
<scope name="while-scope">
<sequence>
<wait for="PT5S" name="wait-1"/>
<invoke name="retrieveManagedJobState" partnerLink="GramProxy" portType="service:ManagedJobPortType"
operation="retrieveManagedJobState0" inputVariable="input4RetrieveJobState" outputVariable="output4RetrieveJobState"/>
<switch>

<case condition

="bpws:getVariableData('output4RetrieveJobState','parameters','/k1001:retrieveManagedJobStateOResponse/k 1001 retrieveManagedJobStateOReturn')

='Done">
<sequence name="switch-scope">
<invoke name="destroy" partnerLink="GramProxy" portType="service:ManagedJobPortType" operation="destroy0"
inputVariable="input4Destroy" outputVariable="output4Destroy"/>
<invoke name="callbackClient" partnerLink="client"
portType="tns:TestOrchestratingGeneratedGramProxyAtOGSACallback" operation="onResult"
inputVariable="output'/>
<terminate/>
</sequence>
</case>
</switch>
</sequence>
</scope>
</while>
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<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmiIns:xs="http://www.w3.0rg/2001/XMLSchema" xmIns="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="http://gs.zeus.com/security/config" xmins:tns="http://gs.zeus.com/security/config">
<complexType name="tProtection-level">
<choice>
<element name="privacy"/>
<element name="integrity"/>
</choice>
</complexType>
<complexType name="tGsi">
<sequence>

<element name="protection-level' type="tns:tProtection-level'/>
</sequence>
</complexType>
<complexType name="tPkey">
<sequence>
<element name="protection-level" type="tns:tProtection-level'/>
</sequence>

</complexType>

<complexType name="tAuth-method">

<sequence>
<choice>
<element name="gsi" type="tns:tGsi"/>
<element name="pkey" type="tns:tPkey"/>
<element name="none"/>
</choice>
</sequence>

</complexType>
<complexType name="tMethod">
<sequence>
<element name="auth-method" type="tns:tAuth-method"/>
</sequence>
<attribute name="name" type="xs:QName"/>
</complexType>

<complexType hame="tGrim">
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<attribute name="idenity" type="string"/>
</complexType>

<complexType name="tGrim-policy-handling">

<sequence>
<choice>
<element name="grim" type="tns:tGrim"/>
<element name="ignore"/>
</choice>
</sequence>

</complexType>
<complexType name="iCredential-delegation">
<choice>
<element name="no"/>
<element name="limited"/>
<element name="full"/>
</choice>
</complexType>
<complexType name="tCredential">
<sequence>
<element name="host" type="string"/>
<element name="username" type="string"/>
<element name="password" type="string"/>
</sequence>
<attribute name="type" type="string"/>
</complexType>
<complexType name="tSecurityConfig">
<sequence>
<element name="method" type="tns:tMethod" minOccurs="0" maxOccurs="unbounded"/>
<element name="auth-method" type="tns:tAuth-method" minOccurs="0" maxOccurs="1"/>
<element name="grim-policy-handling" type="tns:tGrim-policy-handling" minOccurs="0"
maxOccurs="1"/>
<element name="credential-delegation" type="tns:tCredential-delegation"/>
<element name="credential" type="tns:tCredential"/>
</sequence>
</complexType>
<element name="securityConfig" type="tns:tSecurityConfig"/>

</xs:schema>
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<definitions ...
xmins:defBpelNotif="http://bpel.zeus.com/natification/sink/default”
xmins:cor="http://bpel.zeus.com/test/notification/ProcessCorrelation"
xmins:bpws="http://schemas.xmlsoap.org/ws/2003/03/business-process/"
xmlns="http://schemas.xmlsoap.org/wsdl/"
>

<types>

<schema targetNamespace="http://bpel.zeus.com/notification/sink/default"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmins:defBpelNotif="http://bpel.zeus.com/notification/sink/default"
xmins="http://www.w3.0rg/2001/XMLSchema">
<complexType name="BPELExtensibilityType">
<sequence>
<any namespace="##any"/>
</sequence>
</complexType>
<element name="deliverNotificationFromProxy">
<complexType>
<sequence>
<element name="correlationInterger" type="xsd:int"/>
<element name="message"
type="defBpelNotif:BPELExtensibilityType'/>
</sequence>
</complexType>
</element>
</schema>
</types>

<bpws:property name="correlationInteger" type="xsd:int"/>
<message name="DeliverNotificationFromProxylnputMessage">
<part name="parameters" element="defBpelNotif:deliverNotificationFromProxy"/>

</message>
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<bpws:propertyAlias propertyName="cor:correlationinteger" messageType="tns:DeliverNotificationFromProxyInputMessage"

part="parameters" query="/defBpelNotif:deliverNotificationFromProxy/defBpelNotif:correlationInteger"/>

<portType name="DefaultNotificationSinkPortType">
<operation name="deliverNotificationFromProxy">
<input message="tns:DeliverNotificationFromProxyInputMessage"/>
</operation>

</portType>

</definitions>
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<process ...>
<correlationSets>
<correlationSet name="correlationinteger" properties="cor:correlationinteger"/>

</correlationSets>

</scope>
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<sequence>

<pick name="pick-1">
<onMessage partnerLink="client" portType="tns: DefaultNotificationSinkPortType "
operation="deliverNotificationFromProxy" variable="inputFromNotificaitonProxy">
<correlations>
<correlation set="correlationinteger" initiate="no"/>

</correlations>

<sequence>
</sequence>
</onMessage>
</pick>
</sequence>
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<scope name="mainScope”>

<eventHandlers>
<onMessage partnerLink="client" portType="tns: DefaultNotificationSinkPortType "
operation="deliverNotificationFromProxy" variable="inputFromNotificaitonProxy">
<correlations>
<correlation set="correlationInteger" initiate="no"/>
</correlations>

<sequence>
</sequence>
</onMessage>

</eventHandlers>

</sequence>
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>GWSDLAutomaticGenerator

http://127.0.0.1:8082/ogsa/services/org/thaigrid/chemistry/portal/gridservices/autodock/transient/instance
autodockX AutodockX.gwsdl
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