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SummarySummary

Web Web ServicesServices introductionintroduction

TechnicalTechnical aspectsaspects

WSRF and GT4 WSRF and GT4 

The GT4 containerThe GT4 container

GT4 Core GT4 Core installationinstallation and and testingtesting
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Web Web ServicesServices
A Web service is a software system designed to support A Web service is a software system designed to support 
interoperable machineinteroperable machine--toto--machine interaction over a network. It machine interaction over a network. It 
has an interface described in a machinehas an interface described in a machine--processableprocessable format format 
(specifically WSDL).(specifically WSDL).

Systems interact with the Web service in a manner prescribed by Systems interact with the Web service in a manner prescribed by 
its description using SOAP messages, typically conveyed using its description using SOAP messages, typically conveyed using 
HTTP with  XML messages in conjunction with other WebHTTP with  XML messages in conjunction with other Web--related related 
standards.standards.
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Primary Web Services TechnologiesPrimary Web Services Technologies

Simple Object Access Protocol (SOAP)Simple Object Access Protocol (SOAP)
Structure for transporting XML documentsStructure for transporting XML documents
Over SMTP, HTTP, FTP, RPCOver SMTP, HTTP, FTP, RPC

Web Service Description Language (WSDL)Web Service Description Language (WSDL)
XML technology XML technology ---- describes interface of a WSdescribes interface of a WS
Standardizes input/output representationStandardizes input/output representation

Universal Description, Discovery, and Integration Universal Description, Discovery, and Integration 
Language (UDDI)Language (UDDI)

Registry for web servicesRegistry for web services
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General Web Service invocation modelGeneral Web Service invocation model
Web ServiceWeb Service

Interface

Web
Service

WSDL

Run-time environment
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General Web Service invocation modelGeneral Web Service invocation model

Interface

Web
Service

message

message

address

Web Service 
Endpoint Reference

Run-time environment

Web ServiceWeb Service
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Simple Object Access Protocol (SOAP)Simple Object Access Protocol (SOAP)

A SOAP message is fundamentally a oneA SOAP message is fundamentally a one--way way 

transmission between transmission between SOAP nodesSOAP nodes, from a , from a SOAP SOAP 

sendersender to a to a SOAP receiverSOAP receiver

SOAP messages are expected to be combined by SOAP messages are expected to be combined by 

applications to implement more complex interaction applications to implement more complex interaction 

patterns:patterns:

request/response request/response 

multiple, backmultiple, back--andand--forth "conversational” forth "conversational” 

exchangesexchanges

etcetc..
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SOAP SOAP -- Acronym forAcronym for

SimpleSimple: Transporting XML structured messages across : Transporting XML structured messages across 
internet using HTTPinternet using HTTP

ObjectObject: transportation of COM objects: transportation of COM objects

Common Object Model (COM):Common Object Model (COM): open software open software 
architecture from DEC, Microsoft, allowing interoperation architecture from DEC, Microsoft, allowing interoperation 
between between ObjectBrokerObjectBroker and OLEand OLE

Microsoft evolved COM into DCOM.Microsoft evolved COM into DCOM.

AccessAccess -- a philosophy: services will be easier to deploy a philosophy: services will be easier to deploy 
when binding them to common protocols (HTTP)when binding them to common protocols (HTTP)

Most firewalls already pass through web page dataMost firewalls already pass through web page data

Protocol: Protocol: SOAP is an XML based protocol used to exchange SOAP is an XML based protocol used to exchange 
distributed data over HTTPdistributed data over HTTP

Origins in RPCOrigins in RPC
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SOAP ArchitectureSOAP Architecture
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SOAP Components and ElementsSOAP Components and Elements
ComponentsComponents::

Formatting conventionsFormatting conventions

Transport/protocol bindingTransport/protocol binding

Encoding rulesEncoding rules

RPC mechanismRPC mechanism

ElementsElements::

EnvelopeEnvelope: Required: Required

HeaderHeader [Optional] [Optional] -- use:use:

Transaction dataTransaction data

BodyBody: Required, use:: Required, use:

Method callMethod call and its and its 
parametersparameters
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SOAP Syntax RulesSOAP Syntax Rules

A SOAP message MUST be encoded using XMLA SOAP message MUST be encoded using XML

A SOAP message MUST use the SOAP Envelope A SOAP message MUST use the SOAP Envelope 

namespacenamespace

A SOAP message MUST use the SOAP Encoding A SOAP message MUST use the SOAP Encoding 

namespacenamespace

A SOAP message must NOT contain a DTD referenceA SOAP message must NOT contain a DTD reference

A SOAP message must NOT contain XML Processing A SOAP message must NOT contain XML Processing 

InstructionInstruction
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SOAP Request/Response ExampleSOAP Request/Response Example

POST /InStock HTTP/1.1

Host: www.stock.org

Content-Type: application/soap+xml; charset=utf-8

Content-Length: nnn

<?xml version="1.0"?>

<soap:Envelope

xmlns:soap="http://www.w3.org/2001/12/soap-

envelope"

soap:encodingStyle="http://www.w3.org/2001/12/soa

p-encoding">

<soap:Body 

xmlns:m="http://www.stock.org/stock">

<m:GetStockPrice>

<m:StockName>IBM</m:StockName>

</m:GetStockPrice>

</soap:Body>

</soap:Envelope>

HTTP/1.1 200 OK

Content-Type: application/soap; charset=utf-8

Content-Length: nnn

<?xml version="1.0"?>

<soap:Envelope

xmlns:soap="http://www.w3.org/2001/12/soap-

envelope"

soap:encodingStyle="http://www.w3.org/2001/12/soa

p-encoding">

<soap:Body 

xmlns:m="http://www.stock.org/stock">

<m:GetStockPriceResponse>

<m:Price>34.5</m:Price>

</m:GetStockPriceResponse>

</soap:Body>

</soap:Envelope>
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Web Services Description Language (WSDL)Web Services Description Language (WSDL)

You now know how to make and XML docYou now know how to make and XML doc

You now know how messages are exchanged with You now know how messages are exchanged with 

XML between a client and a server.XML between a client and a server.

Client Client RequestRequest: select a : select a methodmethod, submit , submit datadata

Server Server ResponseResponse: return XML : return XML datadata

WSDL is an XML document that WSDL is an XML document that describes a Web describes a Web 

service. service. 

It specifies the location of the It specifies the location of the serviceservice and the and the 

operationsoperations (or methods) the service exposes.(or methods) the service exposes.
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Web Services Description Language (WSDL)Web Services Description Language (WSDL)
WSDL is WSDL is written in XMLwritten in XML

WSDL is an XML documentWSDL is an XML document

WSDL is used to :WSDL is used to :

locatelocate Web services Web services 

describedescribe Web servicesWeb services

WSDL is used by WSDL is used by WSRFWSRF

not yet a W3C standard: “a not yet a W3C standard: “a suggestionsuggestion for describing for describing 

services for the W3C XML Activity on XML Protocols”services for the W3C XML Activity on XML Protocols”

http://www.w3.org/TR/wsdlhttp://www.w3.org/TR/wsdl
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WSDL Document StructureWSDL Document Structure

<definitions>: Root WSDL Element

<types>: data types to be transmitted<types>: data types to be transmitted

<messages>: message to be transmitted<messages>: message to be transmitted

<portType>: operations (functions) supported<portType>: operations (functions) supported

<bynding>: message transmission protocol<bynding>: message transmission protocol

<service>: service location<service>: service location
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WSDL WSDL exampleexample
<?<?xmlxml version=version="1.0" "1.0" encoding=encoding="UTF"UTF--8"?>8"?>
<definitions name="HelloService"<definitions name="HelloService"

targetNamespace="http://www.ecerami.com/wsdl/HelloService.wsdtargetNamespace="http://www.ecerami.com/wsdl/HelloService.wsdl"l"
xmlns="http://schemas.xmlsoap.org/xmlns="http://schemas.xmlsoap.org/wsdlwsdl/"/"
……
<<messagemessage name=name=""SayHelloRequestSayHelloRequest">">

<part name="firstName" type="<part name="firstName" type="xsdxsd::stringstring"/>"/>
<<//messagemessage>>
……
<<portTypeportType name=name=""Hello_PortTypeHello_PortType">">

<operation name="sayHello"><operation name="sayHello">
<input message="tns:SayHelloRequest"/><input message="tns:SayHelloRequest"/>
<output message="tns:SayHelloResponse"/><output message="tns:SayHelloResponse"/>

</operation></operation>
<</portType/portType>>
<<bindingbinding name="Hello_Binding" name="Hello_Binding" type=type=""tnstns::Hello_PortTypeHello_PortType">">

<soap:<soap:bindingbinding style=style=""rpcrpc“ “ transport=transport="http://schemas.xmlsoap.org/soap/http"/>"http://schemas.xmlsoap.org/soap/http"/>
<operation name="sayHello"><operation name="sayHello">

<soap:operation soapAction="sayHello"/><soap:operation soapAction="sayHello"/>
<input><input>

<soap:body<soap:body
encodingStyle="http://schemas.xmlsoap.org/soap/enencodingStyle="http://schemas.xmlsoap.org/soap/encoding/"coding/"
namespace="urn:examples:namespace="urn:examples:helloservicehelloservice""
use=use=""encodedencoded"/>"/>

</input></input>
<output><output>

……
</output></output>

</</operationoperation>>
<<//bindingbinding>>
……

</</definitionsdefinitions>>
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Useful LinksUseful Links
Good Books:Good Books:

D. D. ChappelChappel, T. Jewell, , T. Jewell, ““Java Web Services,Java Web Services,”” OriellyOrielly, 2002, 2002
E. E. CeramiCerami, , ““Web Services Essentials,Web Services Essentials,”” OriellyOrielly, 2002, 2002
OellermannOellermann, “Architecting Web Services,”  AI Press, 2001, “Architecting Web Services,”  AI Press, 2001

ANT: ManualANT: Manual
http://ant.apache.org/manual/index.htmlhttp://ant.apache.org/manual/index.html

Web Services Arch:Web Services Arch:
http://www.w3.org/TR/2004/NOTEhttp://www.w3.org/TR/2004/NOTE--wsws--archarch--20040211/20040211/

XML 1.0 Standard:XML 1.0 Standard:
http://www.w3.org/TR/2000/REChttp://www.w3.org/TR/2000/REC--xmlxml--2000100620001006

XML Schema:XML Schema:
http://www.w3.org/TR/xmlschemahttp://www.w3.org/TR/xmlschema--0/0/
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OGSA Defines Basic CapabilitiesOGSA Defines Basic Capabilities

Infrastructure ServicesInfrastructure Services

Execution Management ServicesExecution Management Services

Data ServicesData Services

Resource Management ServicesResource Management Services

Security ServicesSecurity Services

SelfSelf--Management ServicesManagement Services

InformatioInformation Servicesn Services

Security ConsiderationsSecurity Considerations
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OGSA,  WSRF, and GT4OGSA,  WSRF, and GT4
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WSWS--Resource: Resource: StatefulStateful ResourcesResources

WsWs--Resource = Web Service + WSRFResource = Web Service + WSRF

A A statefulstateful resource is something that exists even when resource is something that exists even when 

you're not interacting with it.you're not interacting with it.

E.g. database backend serviceE.g. database backend service

StatefulStateful resources have resources have propertiesproperties that define statethat define state

these properties are how you interact with themthese properties are how you interact with them

Properties have valuesProperties have values

Add/remove/change properties and values dynamicallyAdd/remove/change properties and values dynamically

WSRF Specification:WSRF Specification:

a WSa WS--Resource is the combination of a Web service and Resource is the combination of a Web service and 

a a statefulstateful resource on which it acts.resource on which it acts.
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WSWS--Resource: Resource: StatefulStateful ResourcesResources
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WSRF SpecificationsWSRF Specifications
List is still changing, but basically includes..List is still changing, but basically includes..

CoreCore::

WSWS--Resource Framework Resource Framework (WSRF)(WSRF)

WSWS--ResourcePropertiesResourceProperties (WSRF(WSRF--RP)RP)

WSWS--ResourceLifetimeResourceLifetime (WSRF(WSRF--RL)RL)

WSWS--ServiceGroupServiceGroup (WSRF(WSRF--SG)SG)

WSWS--Base Faults(WSRFBase Faults(WSRF--BF)BF)

RelatedRelated::

WSWS--NotificationsNotifications

WSWS--AddressingAddressing
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WSWS--AddressingAddressing
Web Services have always had addressing:Web Services have always had addressing:

URIsURIs (Uniform Resource Identifiers)(Uniform Resource Identifiers)
Looks like URLs:Looks like URLs:

http://http://webservices.mysite.com/weather/us/Weatherwebservices.mysite.com/weather/us/Weather
ServiceService

For a Web Service URI:For a Web Service URI:
Typically pass URI to a programTypically pass URI to a program
If you typed a Web Service URI into your web If you typed a Web Service URI into your web 
browser, you would probably get an error message browser, you would probably get an error message 
or some unintelligible codeor some unintelligible code

Some services include a polite response pageSome services include a polite response page
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WSWS--Resource FactoryResource Factory

DefinitionDefinition: : any Web service capable of bringing a any Web service capable of bringing a 
WSWS--Resource into existence and assigning the new Resource into existence and assigning the new 
WSWS--Resource an identityResource an identity..
PhasesPhases of the of the creationcreation processprocess::
1.1. a new stateful resource instance is created;a new stateful resource instance is created;
2.2. the created instance is assigned an identity;the created instance is assigned an identity;
3.3. the new stateful resource is assigned to a Web servicethe new stateful resource is assigned to a Web service..

The response message of a WSThe response message of a WS--Resource factory operation Resource factory operation 
must include a must include a WSWS--ResourceResource--qualified endpoint referencequalified endpoint reference
containing a WScontaining a WS--Resource context that refers to the new WSResource context that refers to the new WS--
Resource Resource 

The WSThe WS--ResourceResource--qualified endpoint reference can be implicitly qualified endpoint reference can be implicitly 
returned by placing it into a registry for later retrieval.returned by placing it into a registry for later retrieval.
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WSWS--ResourceResource: : explicitexplicit WSWS--ResourceResource factoryfactory

Run-time environment

Interface

Web
Service

Requestor

Resource 1

1 request
1 A request is sent
to a Web Service, 
which controls one 
resource instance
(Resource 1)

3 WS-Resource
Qualified EPR

Resource 2

WS-Resource

2 The processing of the request
results in the creation of a stateful
resource (Resource 2). The Web 
Service is an explicit WS-
Resource factory.

3 The endpoint reference of WS-
Resource instance n.2 is returned. 
Endpoint reference = wsa:Address + 
wsa:ReferenceProperties

WS-Resource

2 Creation
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The WSThe WS--Resource framework modelResource framework model

contex
t

Interface

Web
Service

messageid

message

id

address

resource

Run-time environment

Endpoint 
Reference

Address
Resource id

Using a Web service to access a WSUsing a Web service to access a WS--ResourceResource
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The WSThe WS--Resource framework modelResource framework model

context

Interface

Web
Service

messageid

message

id

address

resource

resource

Endpoint 
Reference

Endpoint 
Reference

Run-time environment

Using a Web service to access another WSUsing a Web service to access another WS--ResourceResource
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WSRF and GlobusWSRF and Globus--specific features of WSDLspecific features of WSDL
Resource propertiesResource properties: : 

wsrp:ResourcePropertieswsrp:ResourceProperties attribute of the attribute of the portTypeportType element  element  ----
specify service resource properties are. Remember that the resouspecify service resource properties are. Remember that the resource rce 
properties are were we'll keep all our state information.properties are were we'll keep all our state information.

WSDL PreprocessorWSDL Preprocessor
wsdlpp:extendswsdlpp:extends attribute of the attribute of the portTypeportType element allows existing element allows existing 
WSRF WSRF portTypesportTypes to be included in our to be included in our portTypeportType without having to without having to 
copycopy--andand--paste from official WSRF WSDL files. paste from official WSRF WSDL files. 
use the value of that attribute to generate correct WSDL which use the value of that attribute to generate correct WSDL which 
includes our own includes our own portTypeportType definitions plus any WSRF definitions plus any WSRF portTypeportType we we 
might need in our service. might need in our service. 
GlobusGlobus--specific feature that is included to make life easier for specific feature that is included to make life easier for 
programmers.programmers.

createResourcecreateResource operationoperation: : 
analogous to object creation returning "instance name" or an analogous to object creation returning "instance name" or an 
"instance reference". "instance reference". 
extra operation besides service specific ones. extra operation besides service specific ones. 

createResourcecreateResource operation returns an endpoint reference (EPR)operation returns an endpoint reference (EPR)
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WS Software stack used by GT4 WSRF WS Software stack used by GT4 WSRF 
HTTP ServerHTTP Server

Apache HTTP ServerApache HTTP Server

Application ServerApplication Server

Apache TomcatApache Tomcat

SOAP EngineSOAP Engine

Apache AXISApache AXIS

SupportsSupports wsdl2javawsdl2java tool tool --

build Java proxies and build Java proxies and 

skeletons from WSDL docs.  skeletons from WSDL docs.  

Web ServiceWeb Service

User AppUser App
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Definition of a GT4 ContainerDefinition of a GT4 Container

GT4 containers:GT4 containers: term that denotes Web service term that denotes Web service 
containers with a set of common features:containers with a set of common features:

implements SOAP over HTTP as a message implements SOAP over HTTP as a message 
transport protocoltransport protocol and transportand transport--level  and WSlevel  and WS--
Security messageSecurity message--level security for all level security for all 
communications;  communications;  
implements implements WSWS--Addressing, WSRF, and WSAddressing, WSRF, and WS--
NotificationNotification functionalityfunctionality
supports logging via Log4j, which implements the supports logging via Log4j, which implements the 
Jakarta Commons Logging APIJakarta Commons Logging API
defines WSRF WSdefines WSRF WS--ResourcesResources with properties with properties 
providing access to information about  services providing access to information about  services 
deployed in the container and container properties deployed in the container and container properties 
such as version and start time. such as version and start time. 
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GT4 Java ContainersGT4 Java Containers

GT4 Java WS Core codeGT4 Java WS Core code

implements WSRF and WSimplements WSRF and WS--Notification as well as supporting Notification as well as supporting 
code  for security and management. code  for security and management. 

code designed to be used with Apache Axis as a SOAP  engine code designed to be used with Apache Axis as a SOAP  engine 
plus other relevant Apache components such as the WSplus other relevant Apache components such as the WS--
Addressing and WSAddressing and WS--Security Security 

To produce a complete GT4 Java container, you can host GT4 To produce a complete GT4 Java container, you can host GT4 
Java WS Core  + Axis combinationJava WS Core  + Axis combination either as a:either as a:

““simple Java containersimple Java container”  (easier installation and administration ”  (easier installation and administration 
---- recommended unless already running Tomcat)recommended unless already running Tomcat)

TomcatTomcat:  more :  more featurefulfeatureful but complex but complex servletservlet containercontainer

This This containtercontainter can also host other GT4 services:can also host other GT4 services:

GRAM, RFT, MDSGRAM, RFT, MDS--Index, MDSIndex, MDS--Trigger, and MDSTrigger, and MDS--Archive. Archive. 
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GT4 RoadmapGT4 Roadmap
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GT WSRF coreGT WSRF core
ContainerContainer

Hosts servicesHosts services
Built on top of Apache AxisBuilt on top of Apache Axis

ClientsClients
Interact with servicesInteract with services

Build toolsBuild tools
For writing new servicesFor writing new services
Based around Apache AntBased around Apache Ant
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GT4 WSRF Core GT4 WSRF Core IstallationIstallation

•• J2SE 1.4.2J2SE 1.4.2+ SDK from + SDK from SunSun, , IBMIBM, , HPHP, or , or BEABEA. . 

•• Ant 1.5.1+Ant 1.5.1+ ((1.6.1+1.6.1+ if using Java 1.5). (Apache web site)if using Java 1.5). (Apache web site)

•• wsws--corecore--4.0.14.0.1--binbin (from Globus site)(from Globus site)

•• globus build toolglobus build tool (optional) (optional) requires Python under Windowsrequires Python under Windows

Make sure you have Make sure you have JAVA_HOMEJAVA_HOME set to the directory set to the directory 
where JAVA is installed on your machine.where JAVA is installed on your machine.

Set Set ANT_HOMEANT_HOME to the directory where Ant is installedto the directory where Ant is installed

Set Set GLOBUS_LOCATIONGLOBUS_LOCATION environment variable to point to environment variable to point to 
the GT4 home directory (i.e. c:the GT4 home directory (i.e. c:\\wsws--corecore--4.0.0).4.0.0).

Add Add ANT_HOMEANT_HOME\\bin bin to the PATH environment variable.to the PATH environment variable.
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QuestionQuestion TimeTime

?? ??
??

?                 ?                 
??

??
The more The more youyou ask…ask…

…the less I question …the less I question youyou!!


