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I. Overview


The objective of this assignment is for you to lean how to develop a simple service using the Globus Toolkit 4.0 (GT4).  This assignment will take you through the steps necessary to compile and deploy a prewritten service.  Towards the end of the assignment, you will be required to modify the code that is given to you to help broaden your experience with developing services. This assignment is closely based upon Borja Sotomayor’s Globus Toolkit 4 Programmer’s Tutorial (http://gdp.globus.org/gt4-tutorial/).  See this tutorial for a detailed explanation of the code presented in this assignment.

II. Web Service Resource Framework

In web services, clients make requests from the web services to obtain specified operations.  In assignment 1, the service provided simple mathematical operations, but of course the service could provide much more functionality.  Web services have been developed with agreed standards such as SOAP and XML.  Grid computing leverages on web services and its standards as its basis, but grid computing has some additional requirements.

Web services, as used in assignment 1, are stateless, that is, they do not remember information from one invocation to the next.  When the “math” web service in assignment 1 was invoked, the service would perform an operation using the arguments provided and return the result based only on the operation and the values of the arguments. The result was not remembered for the same client or another client to access on a subsequent request.  However for grid computing, one would also like to use information that has been stored from previous service invocations, that is, have the concept of state.

The Web Services Resource framework (WS-RF) is a way of providing the structure needed for grid computing that has been implemented in Globus Toolkit 4.0.
  In WS-RF, state information is held in a “resource” that is separate from the web service (conceptually if not actually). This approach maintains the statelessness of web services and enables existing tools and standards to be used with the web services.  For example, WSDL can be used. For a simple math service in this environment, a resource could be simply a variable that is being updated by a client.  More generally, each resource could be much more complex.  It could be a large database.  The WSRF specification called WS-ResourceProperties describes how the resources are defined and accessed.


In this assignment, we will create a service with a single associated resource. The service is accessed by a single client. There are many other aspects of WS-RF, including using multiple resources, resource lifetime, and notifications of changes.

III. Assignment Specifics
Step 1 – Getting Started


As with assignment 1, it is required that you log onto your assigned server.  At the command prompt, we will type the following command. 

[yourname@yourserver yourname]$ wget \
http://cs.wcu.edu/~certauthority/new_assignment2.tar.gz
To extract the file that you just downloaded, enter the following command:

[yourname@yourserver yourname]$ tar xvfz new_assignment2.tar.gz
A new directory will be created called ‘assignment2’.  Move into the new directory using the following command:

[yourname@yourserver yourname]$ cd assignment2
[yourname@yourserver assignment2]$
There are several important directories and files within this directory.  A listing of those files may be seen using the ‘ls’ command.

[yourname@yourserver assignment2]$ ls

build.mappings  globus-build-service.py  namespace2package.mappings

build.sh        globus-build-service.sh  org

build.xml       nameChanger.sh           schema

There are several script files (‘*.sh’) that will be used for this assignment.  The next few steps will explain the files that exist in these directories. 

Step 2  – Define the Service Interface Using WSDL


The service for this assignment is a simple Math service that can perform basic arithmetic for a client. This Math service will access a resource with two properties:

(a) An integer value, called a, which can be operated upon by the service

(b) A string value that holds string describing the last operation

The service itself will have three remotely accessible operations that operate upon a:

(a) add, that adds a value to the resource property a.

(b) subtract that subtracts a value from the resource property a.

(c) getValueRP that returns the current value of a

Usually, the best way for any programming task is to begin with an overall description of what you want the code to do, which in this case is the service interface. The service interface describes how what the service provides in terms of names of operations, their arguments and return values. A Java interface for our service is:

public interface Math {

public void add(int a);

public void subtract(int a);

public int getValue();

}

In assignment 1, we wrote the Java class that implemented the methods shown in the interface above. We then generated a WSDL description of the interface using the Java2WSDL tool.  However, the WSDL file for GT 4 has to include details of the resource properties and will simply be given here. Assuming that you are in your ‘assignment2’ directory, the WSDL file for the service is in

‘schema/examples/MathService_instance/Math.wsdl’.  The contents of this file are shown below:

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

<definitions name="MathService"
    targetNamespace="http://www.globus.org/namespaces/examples/core/MathService_instance"

    xmlns="http://schemas.xmlsoap.org/wsdl/"

    xmlns:tns="http://www.globus.org/namespaces/examples/core/MathService_instance"

    xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"

    xmlns:wsrp="http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceProperties-1.2-draft-01.xsd"

    xmlns:wsrpw="http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceProperties-1.2-draft-01.wsdl"

    xmlns:wsdlpp="http://www.globus.org/namespaces/2004/10/WSDLPreprocessor"

    xmlns:xsd="http://www.w3.org/2001/XMLSchema">

<wsdl:import namespace=

    "http://docs.oasis-open.org/wsrf/2004/06/wsrf-WS-ResourceProperties-1.2-draft-01.wsdl"

    location="../../wsrf/properties/WS-ResourceProperties.wsdl" />

<!--============================================================

                      T Y P E S

  ============================================================-->

<types>

<xsd:schema targetNamespace="http://www.globus.org/namespaces/examples/core/MathService_instance"

    xmlns:tns="http://www.globus.org/namespaces/examples/core/MathService_instance"

    xmlns:xsd="http://www.w3.org/2001/XMLSchema">

        <!-- REQUESTS AND RESPONSES -->

        <xsd:element name="add" type="xsd:int"/>

        <xsd:element name="addResponse">

                <xsd:complexType/>

        </xsd:element>

        <xsd:element name="subtract" type="xsd:int"/>

        <xsd:element name="subtractResponse">

                <xsd:complexType/>

        </xsd:element>

        <xsd:element name="getValueRP">

                <xsd:complexType/>

        </xsd:element>

        <xsd:element name="getValueRPResponse" type="xsd:int"/>

        <!-- RESOURCE PROPERTIES -->

        <xsd:element name="Value" type="xsd:int"/>

        <xsd:element name="LastOp" type="xsd:string"/>

        <xsd:element name="MathResourceProperties">

        <xsd:complexType>

                <xsd:sequence>

                        <xsd:element ref="tns:Value" minOccurs="1" maxOccurs="1"/>

                        <xsd:element ref="tns:LastOp" minOccurs="1" maxOccurs="1"/>

                </xsd:sequence>

        </xsd:complexType>

        </xsd:element>

</xsd:schema>

</types>

<!--============================================================

                       M E S S A G E S

  ============================================================-->

<message name="AddInputMessage">

        <part name="parameters" element="tns:add"/>

</message>

<message name="AddOutputMessage">

        <part name="parameters" element="tns:addResponse"/>

</message>

<message name="SubtractInputMessage">

        <part name="parameters" element="tns:subtract"/>

</message>

<message name="SubtractOutputMessage">

        <part name="parameters" element="tns:subtractResponse"/>

</message>

<message name="GetValueRPInputMessage">

        <part name="parameters" element="tns:getValueRP"/>

</message>

<message name="GetValueRPOutputMessage">

        <part name="parameters" element="tns:getValueRPResponse"/>

</message>

<!--============================================================

                       P O R T T Y P E

  ============================================================-->

<portType name="MathPortType"

    wsdlpp:extends="wsrpw:GetResourceProperty"

    wsrp:ResourceProperties="tns:MathResourceProperties">

        <operation name="add">

                <input message="tns:AddInputMessage"/>

                <output message="tns:AddOutputMessage"/>

        </operation>

        <operation name="subtract">

                <input message="tns:SubtractInputMessage"/>

                <output message="tns:SubtractOutputMessage"/>

        </operation>

        <operation name="getValueRP">

                <input message="tns:GetValueRPInputMessage"/>

                <output message="tns:GetValueRPOutputMessage"/>

        </operation>

</portType>

</definitions>

There are a lot of different things taking place in the XML above.  Notice each of the bold sections above.  The bold sections are the most important parts of the code above.  

The first bold section of importance looks like the following:

<definitions name="MathService"

    targetNamespace="http://www.globus.org/namespaces/examples/core/MathService_instance"

The first line sets the name of the service that we are trying to implement, in this case, ‘MathService’.  The second name specifies the namespace for this definition.  Note that the URL given, ‘http://www.globus.org/namespaces/examples/core/
MathService_instance’, does not exist on the Globus website. 

The next bold section of importance looks like the following:

<xsd:element name="add" type="xsd:int"/>

        <xsd:element name="addResponse">

                <xsd:complexType/>

        </xsd:element>

The first line says that there will be a method called ‘add’ that takes a parameter of type ‘int’.  The next line sets the return type of the method ‘add’ which is a complex type, not a primitive type.

The next bold section, shown below, sets the message types that will be passed.

<message name="AddInputMessage">

        <part name="parameters" element="tns:add"/>

</message>

<message name="AddOutputMessage">

        <part name="parameters" element="tns:addResponse"/>

</message>

Notice that there are input and output messages for the ‘add’ method.

The next section ties everything together by providing the messages that should occur on each operation. Each method must have all of the similar entries as shown for the ‘add method’.

<portType name="MathPortType"

    wsdlpp:extends="wsrpw:GetResourceProperty"

    wsrp:ResourceProperties="tns:MathResourceProperties">

        <operation name="add">

                <input message="tns:AddInputMessage"/>

                <output message="tns:AddOutputMessage"/>

        </operation>

        <operation name="subtract">

                <input message="tns:SubtractInputMessage"/>

                <output message="tns:SubtractOutputMessage"/>

        </operation>

        <operation name="getValueRP">

                <input message="tns:GetValueRPInputMessage"/>

                <output message="tns:GetValueRPOutputMessage"/>

        </operation>

</portType>

There is also a correlation between the Java code and the WSDL that is generated.  Below is a table that shows that correlation.

	WSDL Element
	Java Equivalent

	Port Type
	A Java Interface

	Operation
	A Java method

	Input Message
	All the “in” parameters of a Java method; all parameters are “in” parameters in Java since Java uses pass-by-value

	Output Message
	All the “out” parameters of a Java method; this means the return value of the Java method

	A “part tag” in a WSDL input message
	A single “in” parameter of  a Java method

	A “part tag” in a WSDL output message 
	A single “out” parameter of  a Java method which means the return value of the method

	The WSDL “element” has a particular “type” 
	The type of a parameter of a Java method or the return type of a Java method

	The “complexType” 


	A Java type which is a class that has multiple fields and no methods (this is how multiple “out” parameters are handled; they are wrapped into a single complexType which becomes the return value

	WSDL resource and its resource properties
	A Java field of a class along with some helper methods about features of that field


For more general information on the structure of WSDL files, visit the W3C website at http://www.w3.org/TR/wsdl#_wsdl. The WSDL file here is tailored to GT4 requirements. The WSDL file for a GT4 service does not have any binding entries such as were present in the WSDL file in assignment 1 because these bindings are rather special and will be created automatically by a GT4 tool used when the service is built. Also note that the WSDL file contains reference to a MathQName class.  This class is described in Borja Sotomayor’s Globus Toolkit 4 Programmer’s Tutorial (http://gdp.globus.org/gt4-tutorial/), and is present to simplify referring to the services’s qualified names.
Step 3  – Writing the service code in Java

We have said that the service and resource are separate entities.  For this assignment, we will put both the code for service operations and for the resource properties in the same class for convenience. More complex services and resources would be defined in separate classes. Assuming that you are in the ‘assignment2’ directory, suitable Java code for the service and its resource properties is located at

 ‘org/globus/examples/services/core/first/impl/MathService.java’.

The contents of the file is:

package org.globus.examples.services.core.first.impl;

import java.rmi.RemoteException;

import org.globus.wsrf.Resource;

import org.globus.wsrf.ResourceProperties;

import org.globus.wsrf.ResourceProperty;

import org.globus.wsrf.ResourcePropertySet;

import org.globus.wsrf.impl.ReflectionResourceProperty;

import org.globus.wsrf.impl.SimpleResourcePropertySet;

import org.globus.examples.stubs.MathService_instance.AddResponse;

import org.globus.examples.stubs.MathService_instance.SubtractResponse;

import org.globus.examples.stubs.MathService_instance.GetValueRP;

public class MathService implements Resource, ResourceProperties {

        /* Resource Property set */

        private ResourcePropertySet propSet;

        /* Resource properties */

        private int value;

        private String lastOp;

        /* Constructor. Initializes RPs */

        public MathService() throws RemoteException {

                /* Create RP set */

                this.propSet = new SimpleResourcePropertySet(

                                MathQNames.RESOURCE_PROPERTIES);

                /* Initialize the RP's */

                try {

                        ResourceProperty valueRP = new 

                                                  ReflectionResourceProperty(

                                        MathQNames.RP_VALUE, "Value", this);

                        this.propSet.add(valueRP);

                        setValue(0);

                        ResourceProperty lastOpRP = new  

                                                  ReflectionResourceProperty(

                                       MathQNames.RP_LASTOP, "LastOp", this);

                        this.propSet.add(lastOpRP);

                        setLastOp("NONE");

                } catch (Exception e) {

                        throw new RuntimeException(e.getMessage());

                }

        }

        /* Get/Setters for the RPs */

        public int getValue() {

                return value;

        }

        public void setValue(int value) {

                this.value = value;

        }

        public String getLastOp() {

                return lastOp;

        }

        public void setLastOp(String lastOp) {

                this.lastOp = lastOp;

        }

        /* Remotely-accessible operations */

        public AddResponse add(int a) throws RemoteException {

                value += a;

                lastOp = "ADDITION";

                return new AddResponse();

        }

        public SubtractResponse subtract(int a) throws RemoteException {

                value -= a;

                lastOp = "SUBTRACTION";

                return new SubtractResponse();

        }

        public int getValueRP(GetValueRP params) throws RemoteException {

                return value;

        }

        /* Required by interface ResourceProperties */

        public ResourcePropertySet getResourcePropertySet() {

                return this.propSet;

        }

}

As you can see, MathService implements Resource and ResourceProperties.  Both of these classes are part of the org.globus.wsrf package that Globus Toolkit 4.0 provides.  The primary method we are interested is the ‘add’ method, which will be used by the clients.  The constructor and the methods must throw a RemoteException because the services use Java Remote Method Invocation (RMI) behind the scenes.

Step 4 – Writing the Deployment Descriptor


The deployment descriptor gives several different important sets of information about the service once it is deployed.

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

<deployment name="defaultServerConfig"

    xmlns="http://xml.apache.org/axis/wsdd/"

    xmlns:java="http://xml.apache.org/axis/wsdd/providers/java"

    xmlns:xsd="http://www.w3.org/2001/XMLSchema">

    <service name="examples/core/first/MathService" provider="Handler" use="literal" style="document">

        <parameter name="className" value="org.globus.examples.services.core.first.impl.MathService"/>

        <wsdlFile>share/schema/examples/MathService_instance/Math_service.wsdl</wsdlFile>

        <parameter name="allowedMethods" value="*"/>

        <parameter name="handlerClass" value="org.globus.axis.providers.RPCProvider"/>

        <parameter name="scope" value="Application"/>

        <parameter name="providers" value="GetRPProvider"/>

        <parameter name="loadOnStartup" value="true"/>

    </service>

</deployment>

This file is available at the following location:

org/globus/examples/services/core/first/deploy-server.wsdd

The line that looks like the following specifies where the service will be located.  

<service name="examples/core/first/MathService" provider="Handler" use="literal" style="document">
If you combine the ‘name’ entry from above to the base directory for all services, you get the following:

http://localhost:8080/ogsa/services/examples/core/first/MathService

Once your container is running, the new service should appear at the previous URL. The lines that look like the following are important for the follow-up to the first building.

<parameter name="className" value="org.globus.examples.services.core.first.impl.MathService"/>

        <wsdlFile>share/schema/examples/MathService_instance/Math_service.wsdl</wsdlFile>

These lines specify where the class name for the service may be found and where the WSDL file for that service may be found.  For the purposes of this assignment, you will NOT change these lines.

Step 5 – Building the Math Service


From your ‘assignment2’ directory, you can build your Math Service by using the build script.  The build script takes one argument.  It is linked to the name of your service that you would like to deploy.  For our purposes, it will be listed as ‘first’.  To run the build script, perform the following:

[yourname@yourserver assignment2]$ bash build.sh first
This command calls the ‘nameChangeScript’ that changes several entries in several files.  After the ‘nameChangeScript’ has executed, the ‘globus-build-service’ command is used.  The ‘globus-build-service’ script references a file called ‘build.mappings’ that is used to store information about the service to be built.  The entry ‘first’ will be changed to the entry ‘yourusername_first’ for the remaining parts of this exercise.

The output should look similar to the following. (Note that ‘yourusername’ should be replaced with your user name.)

===========================================

Running nameChanger.sh first...

===========================================

Editing  build.mappings...

Editing  deploy-jndi-config.xml...

Editing  deploy-server.wsdd...

Editing  java implementation files...

Renaming org/globus/examples/services/core/first...

Renaming schema/examples/MathService_instance...

Finished.

===========================================

Running globus-build-service.sh yourusername_first...

===========================================

Buildfile: build.xml

init:

    [mkdir] Created dir: /home/yourusername/assignment2/build

    [mkdir] Created dir: /home/yourusername/assignment2/build/classes

    [mkdir] Created dir: /home/yourusername/assignment2/build/lib

    [mkdir] Created dir: /home/yourusername/assignment2/build/stubs-org_globus_examples_services_core_yourusername_first

    [mkdir] Created dir: /home/yourusername/assignment2/build/stubs-org_globus_examples_services_core_yourusername_first/src

    [mkdir] Created dir: /home/yourusername/assignment2/build/stubs-org_globus_examples_services_core_yourusername_first/classes

    [mkdir] Created dir: /home/yourusername/assignment2/build/stubs

    [mkdir] Created dir: /home/yourusername/assignment2/build/stubs/classes

    [mkdir] Created dir: /home/yourusername/assignment2/build/schema

     [copy] Copying 30 files to /home/yourusername/assignment2/build/schema

flatten:

WSDLUptodate:

flatten:

     [echo] Processing WSDL in Math.wsdl

     [java] Retrieving document at '/home/yourusername/assignment2/build/schema/examples/yourusername_MathService_instance/Math.wsdl'.

     [java] Retrieving document at '../../wsrf/properties/WS-ResourceProperties.wsdl', relative to 'file:/home/yourusername/assignment2/build/schema/examples/yourusername_MathService_instance/Math.wsdl'.

generateBindings:

bindingUptodate:

generateBinding:

     [echo] Generating bindings for Math_flattened.wsdl

stubs:

mergePackageMapping:

     [echo] Merging /home/yourusername/assignment2/namespace2package.mappings

generateStubs:

     [echo]  Generating stubs from Math_service.wsdl

     [java] {http://schemas.xmlsoap.org/ws/2004/03/addressing}Action already exists

factoryFlatten:

generateFactoryBindings:

factoryStubs:

compileStubs:

    [javac] Compiling 10 source files to /home/yourusername/assignment2/build/stubs-org_globus_examples_services_core_yourusername_first/classes

    [javac] Note: Some input files use unchecked or unsafe operations.

    [javac] Note: Recompile with -Xlint:unchecked for details.

     [copy] Copying 10 files to /home/yourusername/assignment2/build/stubs/classes

jarStubs:

      [jar] Building jar: /home/yourusername/assignment2/build/lib/org_globus_examples_services_core_yourusername_first_stubs.jar

compile:

    [javac] Compiling 2 source files to /home/yourusername/assignment2/build/classes

jar:

      [jar] Building jar: /home/yourusername/assignment2/build/lib/org_globus_examples_services_core_yourusername_first.jar

dist:

makeGar:

testJars:

copyJars:

     [copy] Copying 2 files to /home/yourusername/assignment2/tmp/gar/lib

testSchema:

copySchema:

     [copy] Copying 4 files to /home/yourusername/assignment2/tmp/gar/schema

testEtc:

copyEtc:

     [copy] Copied 1 empty directory to 1 empty directory under /home/yourusername/assignment2/tmp/gar/etc

  [antcall] Parent project doesn't contain any reference '${garshare.id}'

testShare:

copyShare:

  [antcall] Parent project doesn't contain any reference '${gardocs.id}'

testDocs:

copyDocs:

  [antcall] Parent project doesn't contain any reference '${garbin.id}'

testBin:

copyBin:

     [copy] Copying 1 file to /home/yourusername/assignment2/tmp/gar

     [copy] Warning: Could not find file /home/yourusername/assignment2/org/globus/examples/services/core/yourusername_first/deploy-client.wsdd to copy.

     [copy] Copying 1 file to /home/yourusername/assignment2/tmp/gar

      [jar] Building jar: /home/yourusername/assignment2/org_globus_examples_services_core_yourusername_first.gar

   [delete] Deleting directory /home/yourusername/assignment2/tmp/gar

all:

BUILD SUCCESSFUL

Total time: 8 seconds


During the build process, a new directory is created in your ‘assignment2’ directory that is named ‘build’.  All of your stubs and class files that were generated will be in that directory and its subdirectories.  More importantly, there is a GAR file called ‘org_globus_examples_services_core_yourusername_first.gar’, where ‘yourusername’ is your username.  The GAR file is the package that contains every file that is needed to successfully deploy your Math Service into the Globus container.  The files contained in the GAR file are the Java class files, WSDL, compiled stubs, and the deployment descriptor.

Step 6 – Deploying the Math Service

To deploy the Math Service, you will use a tool provided by the Globus Toolkit.  The deploy command is called ‘globus-deploy-gar’.  In order to deploy the service, your /home directory must have world read permissions.  In order to do this, please type in the following command:

[yourname@yourserver assignment2]$ chmod 755 /home/yourusername

In order to protect the permissions of the file system, you will be required to use sudo to run this command:

[yourname@yourserver assignment2]$ sudo –u globus \

globus-deploy-gar \

org_globus_examples_services_core_yourusername_first.gar
*Where the word ‘yourusername’ is replaced by your username.

If you are asked for a password for the previous command, type in the password for your account.  If this does not work, please contact your system administrator.  (As a note, each time you fail to use sudo correctly, an e-mail is sent to the system administrator.)  The output of the command should look similar to the following:

Deploying gar file...

  Deploying gar with profile: <default>

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar

  Skipping fileset for directory /usr/local/globus/share/globus_wsrf_common/tmp. It is empty.

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/schema

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/etc

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/bin

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/docs

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/share

  Created dir: /usr/local/globus/share/globus_wsrf_common/tmp/gar/lib

  Expanding: /home/yourusername/assignment2/org_globus_examples_services_core_yourusername_first.gar into /usr/local/globus/share/globus_wsrf_common/tmp/gar

  Copying 4 files to /usr/local/globus/share/schema

  Skipping fileset for directory /usr/local/globus. It is empty.

  Skipping fileset for directory /usr/local/globus/bin. It is empty.

  Copying 2 files to /usr/local/globus/lib

  Skipping fileset for directory /usr/local/globus/share/licenses. It is empty.

  deploying server config...

  Created dir: /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first

  Copying 1 file to /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first

  deploying JNDI config...

  Copying 1 file to /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first

  Deleting directory /usr/local/globus/share/globus_wsrf_common/tmp/gar

Deploy successful

The service has now been deployed.  Any container that is started on the server you are using by any user will list your service as one of the deployed (and thus, available) services.

Step 7 – Compiling the Client


The client is the application that talks to the service.  A client has already been provided for the Math Service and is located at ‘/home/yourusername/assignment2/org/globus/examples/clients/MathService_instance/Client.java’ and contains the following code:

package org.globus.examples.clients.MathService_instance;

import org.apache.axis.message.addressing.Address;

import org.apache.axis.message.addressing.EndpointReferenceType;

import org.globus.examples.stubs.MathService_instance.MathPortType;

import org.globus.examples.stubs.MathService_instance.GetValueRP;

import org.globus.examples.stubs.MathService_instance.service.MathServiceAddressingLocator;

public class Client {

        public static void main(String[] args) {

                MathServiceAddressingLocator locator = new 

                            MathServiceAddressingLocator();

                try {

                        String serviceURI = args[0];

                        // Create endpoint reference to service

                        EndpointReferenceType endpoint = new 

                                     EndpointReferenceType();

                        endpoint.setAddress(new Address(serviceURI));

                        MathPortType math;

                        // Get PortType

                        math = locator.getMathPortTypePort(endpoint);

                        // Perform an addition

                        math.add(10);

                        // Perform another addition

                        math.add(5);

                        // Access value

                        System.out.println("Current value: "

                                + math.getValueRP(new GetValueRP()));

                        // Perform a subtraction

                        math.subtract(5);

                        // Access value

                        System.out.println("Current value: "

                                + math.getValueRP(new GetValueRP()));

                } catch (Exception e) {

                        e.printStackTrace();

                }

        }

}


When the client is run from the command line you pass it one argument.  The argument is the GSH (Web service Handle).  The GSH is a URL that specifies where the service resides.  The location of the service is relative to the namespace the Math Service was deployed to.  We use a “MathServiceAddressingLocator” along with an “EndpointReferenceType” to choose the Math Service that we just deployed. (That will be passed in as a command line argument.)  Notice that the call to the service (add and subtract method calls) must be in a ‘try {} catch(){}’ block because a ‘RemoteException’ may be thrown.  The code for the “MathServiceAddressingLocator” is created during the build process.  (Thus you don’t have to write it!)  

To compile the new client, type in the following commands:

[yourname@yourserver assignment2]$ source /etc/profile

[yourname@yourserver assignment2]$ javac -classpath \

./build/classes/org/globus/examples/services/core/yourusername_first/impl/:$CLASSPATH \

org.globus.examples.clients.MathService_instance.Client.java
*Where ‘yourusername’ is replaced by your user name.

Step 8 – Finding Which TCP Ports are in use


In the next step, you will want to start a container process running.  A container process listens on a TCP port when it is running.  If you do not specify what port it will listen on then it will choose port 8443 by default.  Often another process is using port 8443.  Since only one process can be listening on a port at a time, you need to determine which ports are free before you start the container.  The ‘netstat’ command can be used to find this information.

[yourname@yourserver assignment2]$ netstat –t -all
The ‘-t’ flag and the ‘-all’ flag causes the netstat command to show all the TCP ports that are currently in use. A sample output is provided below (not all ports are listed, for security reasons):

Active Internet connections (servers and established)

Proto Recv-Q Send-Q Local Address           Foreign Address         State

tcp        0      0 *:32768                 *:*                     LISTEN

tcp        0      0 localhost.localdo:32769 *:*                     LISTEN

Step 9 – Start the Container for your Service


Now that the client code is compiled, you can start the Globus container.  The Globus container contains all services that have been deployed.  To start the container, we will use the ‘globus-start-container’ command.  The ‘sudo’ command is used to run the Globus container as the user globus.  To start the container, do the following:

[yourname@yourserver assignment2]$sudo -u globus  \

globus-start-container -nosec –p your_port_number_here

The string ‘your_port_number_here’ is a placeholder for the port you determined is free from using the netstat command in the previous step.  If the command exits stating that the address is already in use, you can try using a different port number in the range from 8081 to 65535.  


Starting a container usually takes under a minute.  Once you receive a listing of several URLs, you know that the container is successfully running.  Note that there are quite a number of services listed.  Any service that has been deployed on this machine by any user will appear in this list.  A service will remain deployed until it is explicitly undeployed.  How to undeploy a service is described later in this assignment.

Step 10 – Run the Client


To start the client, you need to open another terminal connection to your assigned server.  This is because the container will not return to the command prompt once it starts running.  Once you logon a second time to your assigned server, move to your ‘assignment2’ directory.


To start the client from your ‘assignment2’ directory, do the following which passes the GSH of the service as an argument.  Note that the middle of the GSH is the string ‘yourportnumber’.  This is a placeholder that you will replace with the port number on which your container is listening.  As always the string ‘yourusername’ must be replaced by your username on your assigned server.

[yourname@yourserver assignment2]$ java –classpath \

./build/classes/org/globus/examples/services/core/yourusername_first/impl/:$CLASSPATH \

org/globus/examples/clients/MathService_instance/Client \

http://localhost:yourportnumber/wsrf/services/examples/core/yourusername_first/MathService
Which should give the output:

Current value: 15

Current value: 10

Step 11 – Undeploy the Math Service and Kill a Container

Before we can add functionality to the Math Service, we must undeploy the service.  This is done using the ‘sudo’ command and the ‘globus-undeploy-gar’ file.  To undeploy the service, type in the following command:

[yourname@yourserver assignment2]$ sudo -u globus \

globus-undeploy-gar \

org_globus_examples_services_core_yourusername_first
*Where ‘yourusername’ is replaced with your username.

which should result with the following output: (Replace ‘yourusername’ with your username.)

Undeploying gar...

  Deleting /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first/server-config.wsdd

  Deleting /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first/jndi-config.xml

  Deleting directory /usr/local/globus/etc/org_globus_examples_services_core_yourusername_first

  Deleting: /usr/local/globus/lib/org_globus_examples_services_core_yourusername_first.jar

  Deleting: /usr/local/globus/lib/org_globus_examples_services_core_yourusername_first_stubs.jar

  Deleting: /usr/local/globus/share/schema/examples/yourusername_MathService_instance/Math.wsdl

  Deleting: /usr/local/globus/share/schema/examples/yourusername_MathService_instance/Math_bindings.wsdl

  Deleting: /usr/local/globus/share/schema/examples/yourusername_MathService_instance/Math_flattened.wsdl

  Deleting: /usr/local/globus/share/schema/examples/yourusername_MathService_instance/Math_service.wsdl

  Deleting: /usr/local/globus/etc/globus_packages/org_globus_examples_services_core_yourusername_first/undeploy.xml

  Deleting directory /usr/local/globus/etc/globus_packages/org_globus_examples_services_core_yourusername_first

Undeploy successful

To kill the container, we must use a bash script that calls the ‘globus-stop-container’ command.  To stop your container, type in the following command:

[yourname@yourserver assignment2]$ sudo –u globus \ stopcontainer.sh YOUR_PORT_NUMBER
You should receive the command prompt back as confirmation that the container is killed.

Step 12 – Adding Functionality to the Math Service


At this point, you have created, compiled, deployed, tested, and undeployed a service.  However, you are not finished yet.  You need to modify the Math Service to support multiplication.  You must edit the ‘MathService.java’ file, the WSDL file for the Math Service, and the client in order to add the multiplication functionality.  Going through and editing the files as we visited them in the assignment handout would be the most efficient way to solve this step. Note:  Instead of using the ‘bash build.sh first’ command as previously done, do the following command:

[yourname@yourserver assignment2]$ bash  \
globus-build-service.sh yourusername_first
The way the scripts were created, using ‘bash build.sh first’ would give an error because the entry for ‘first’ would no longer exist.  The entry for ‘first’ is removed when the nameChanger script executes.  Using any other command would change the directory structure that the nameChanger created when you first ran the script.  Instead of designing another script, accessing the build-service script directly would be the most efficient way to re-build your service.

This step of the assignment requires you to add the functionality to the files that we have already seen. (MyMathService.java, the WSDL file, and the client, for example.)  Once this is completed you must go through deploying your service again in order to have the new functionality available.  This includes stopping and restarting the container.  Instructions on this step have been provided earlier in this handout.
Once you have completed this step, make sure that your service has been undeployed.

Acknowledgements

This new version of this assignment is based upon the GT 4.0 tutorial on services, located at http://gdp.globus.org/gt4-tutorial/.  

The original version of this assignment (version .41) was derived from:

“Classroom Exercises for Web services” by A. Apon, J. Mache, Y. Yara, and K. Landrus, Proc. 5th Int. Conference on Linux Clusters: The HPC Revolution, May 2004.
The nameChanger and build scripts were written by Steve McKinney from Appalachian State University.  These scripts combined with the globus-build-service.sh script provided by the GT 4.0 tutorial provides an efficient way to allow multiple users run the same service on the same computer.

� Globus Toolkit version 3 implemented an earlier approach with the standard called Open Grid Services Infrastructure (OGSI), which involved extending web services to include having state when needed. An extended Web Service Description Language was devised called Grid Web Service Description Language (GWDSL). The extended web service was called a grid service. This approach was not embraced by the grid computing community at large.





� http://gdp.globus.org/gt3-tutorial/multiplehtml/ch03s03.html





18 of 21

