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An Integrated Development Environment to Establish Web Services in Grid Computing
Using .NET Framework 4.5 and Visual Basic 2012

ABSTRACT: The World Wide Web has become pervasive in many facets of our professional and personal lives over a decade.
Today, another Internet revolution is emerging: Grid computing. While Web offers easy access to mostly static information via
Hypertext, the Grid adds another fundamental layer to the Internet, by enabling direct access to and use of underlying
resources, such as computers, storage, scientific instruments and experiments, sensors, applications, data and middleware
services. This paper presents readers both a concrete introduction and a handy reference to web services in grid computing,
first by explaining the foundations of this new breed of distributed services, and then by demonstrating quick ways to create
services with .NET framework 4.5 and Visual Studio 2012 tools. Hence in this article, it is possible to learn the concepts of the
web services in grid computing and get practical advice on building and deploying web services using Visual Basic 2012.
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1. Introduction

A grid is a system consisting of, distributed but connected resources and Software and/or Hardware that provides and manages
logically seamless access to those resources to meet desired objectives. Grid is about conditional sharing of resources, including
computers, storage, sensors and networks based on factors like trust, resource-based policies and negotiation. Grid computing
involves an evolving set of open standards for Web services and interfaces that make services, or computing resources,
available over the Internet.

1.1 Web services resource framework
A grid computing environment consists of a set of resources that are being shared, possibly across organizations. A grid
computing environment is essentially a distributed computing environment that also deals with heterogeneous resource sharing
and management. Various grid resources may require to interact and to integrate with each other depending on business
requirements. An open standard compliant Service Oriented Architecture (SOA) would make it easier to integrate heterogeneous
resources and various layers of the grid architecture.

2. Service-Oriented Architecture

Service-Oriented Architecture (SOA) is an architecture that uses a distributed, discovery-based execution environment to
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expose and manage a collection of service-oriented software assets, using the set of technologies. This set of technologies
currently consists of SOAP, WSDL and UDDI, though other components may be added in the future. The components of the
SOA are our good friends and web services. A web service is a piece of business logic, located somewhere on the Internet, that
is accessible through standard-based Internet protocols such as HTTP or SMTP. Each web service is made up of two parts:

• Service: It is an implementation for a web service. The key requirement is that it be on a network-accessible platform, provided
by the web service provider.

• Service description: It is an interface for a web service. It is expressed in XML and is governed by one or more standards. This

Figure 1. The grid virtualizes heterogeneous, geographically disperse resources

Figure 2. The Service-Oriented Architecture
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description includes the data types, operations, protocol bindings and network location (i.e., the URL etc.) for the web service’s
implementation.

• Participant Roles: The SOA is based upon the interactions between three roles: a provider, a registry (or broker), and a
requester. These roles are illustrated in Figure 2. The interactions between these roles involve publishing information about a
service, finding which services are available, and binding to those services.

2.1 Service-Oriented Architecture in a Web Service
The web services model lends itself well to a highly distributed, service-oriented architecture (SOA). A web service can be
published, located, and invoked within the enterprise, or anywhere on the web. A Service-Oriented Architecture (SOA) may be
intended for use across the public Internet, or built strictly for private use within a single business or among a finite set of
established business partners.

3. The Major Web Services Technologies

Over the decade, three primary technologies have emerged as worldwide standards that make up the core of today’s web
services technology. These technologies are:

Figure 3. Web Services Architecture

3.1 Simple Object Access Protocol (SOAP)
SOAP provides a standard packaging structure for transporting XML documents over a variety of standard Internet technologies,
including SMTP, HTTP, and FTP. It also defines encoding and binding standards for encoding non-XML RPC invocations in
XML for transport. SOAP provides a simple structure for doing RPC (Remote Procedure Calls): document exchange. By having
a standard transport mechanism, heterogeneous clients and servers can suddenly become interoperable. .NET clients can
invoke EJBs exposed through SOAP, and JAVA clients can invoke .NET components exposed through SOAP. SOAP is an XML
based protocol used to exchange information throughout a distributed environment. SOAP messages are fundamentally one-
way transmission from a SOAP sender to a SOAP receiver; however, SOAP messages are often combined to implement patterns
such as request/response.

3.2 Web Service Description Language (WSDL)
WSDL is an XML technology that describes the interface of a web service in a standardized way. WSDL standardizes how a web
service represents the input and output parameters of an invocation externally, the function’s structure, the nature of the
invocation (in only, in/out etc.) and the service’s protocol binding. WSDL allows disparate clients to automatically understand
how to interact with a web service. Since WSDL is just an abstract description of a web service’s interface, it is conceivable that
implementation code can be generated from a WSDL definition and that WSDL definitions can be created automatically from
existing implementation code. From a programming perspective, using WSDL to generate code is one of its biggest values.

3.3 Universal Description, Discovery and Integration (UDDI)
The Universal Description, Discovery, and Integration (UDDI) Project provides a standardized method for publishing and
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discovering information about web services. The UDDI Project is an industry initiative that attempts to create a platform-
independent, open framework for describing services, discovering businesses, and integrating business services. UDDI focuses
on the process of discovery in the service-oriented architecture. UDDI provides a worldwide registry of web service for
advertisement, discovery and integration purposes. Business analysts and technologists use UDDI to discover available web
services by searching for names, identifiers, categories or the specifications implemented by the web service. UDDI provides a
structure for representing businesses, business relationships, web services, specification metadata, and web service access
points.

3.3.1 Relationship between SOAP, WSDL, and UDDI
The relationship between SOAP, WSDL, and UDDI can be described as follows: An application acting in the role of a web
services client needs to locate another application or a piece of business logic located somewhere on the network. The client
queries a UDDI registry for the service either by name, category, identifier, or specification supported. Once located, the client
obtains information about the location of a WSDL document from the UDDI registry. The WSDL document contains information
about how to contact the web service and the format of request messages in XML schema. The client creates a SOAP message
in accordance with the XML schema found in the WSDL and sends a request to the host (where the service is).

3.3.2 Open Grid Services Architecture (OGSA)
Based on widely accepted grid and web services standards, resources communicate with each other and deliver results as
services back to the user. These resources are part of a service-oriented architecture, called OGSA, the Open Grid Services
Architecture. The Global Grid Forum (GGF) has adopted an SOA principles based Open Grid Services Architecture (OGSA) that
provides a framework for implementing a Grid. The OGSA uses Web services technologies like WSDL, SOAP, and WSIL to
abstract platform and implementation differences, giving transparent access to grid services. OGSA is an extension and a
refinement of a Web services architecture.

Figure 4. Discrete components in web services architecture
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hat extend standards in proprietary ways. .NET provides runtime support for SOAP and UDDI as native .NET protocols.
Integrated support is provided in .NET to build and debug XML-based web services. .NET provides business process management
and e-commerce capabilities. .NET claims to target application integration between platforms using XML.

5. WCF Service in .NET 4.5

Let’s walk through the .NET 4.5 Framework to create web services. WCF (Windows Communication Foundation) is a framework
for building services. Originally introduced as part of the .NET 3.5 enhancements, WCF combines support for several different
protocols. WCF is the successor to a series of different distributed communication technologies. The .NET Framework
encapsulated the Web service protocol into objects. WCF is now an integrated part of the service-oriented architecture strategy.
Web services are a subset of the complete WCF communication framework. The goal of WCF is to provide a loosely coupled,
ubiquitous, universal information exchange format.

Figure 5. Logical diagram of the implementation layers of a service

5.1 A WCF service consists of three parts
The service, one or more endpoints, and an environment in which to host the service. A service is a class that is written in one
of the .NET-complaint languages. The class can contain one or more methods that are exposed through the WCF service. A
service can have one or more endpoints, which are used to communicate through the service to the client. Endpoints are made
up of three parts - “address”, “binding” and “contract”. Finally, hosting environment is where the service is contained. This
constitutes an application domain and process. All three of these elements (the service, the endpoints, and the hosting
environment) together create a WCF service offering, as depicted in Figure 5. If an organization is considering establishing an
SOA, the WCF is a framework that works on these principles and makes it relatively simple to implement. We use WCF to
communicate with components on the same machine or on another machine – even accepting calls from a client that is not a
Microsoft-based machine.

5.1.1 Building a WCF Service
Using Visual Studio 2012, we will see the WCF new project templates shown in Figure 6. In order to host a WCF service we will
need Administrator rights.

When we build a WCF project in this manner, the idea is that we build a traditional class library that is compiled down to a DLL
that can then be added to another project. The separation of code and use of multiple projects is a powerful tool for managing
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complexity on larger projects. We can also easily build a WCF service directly in our .NET project, whether that is a console
application or a Windows Forms application. This example will first create a new WCF service in a Service Library. It then
demonstrates how to host the WCF service inside a console application, and finally demonstrates how to leverage Visual studio
2012 to test this service. We start by creating a new Service Library with the name ProVB_WCFCalculatorLibrary. Once we
have created our library project, Visual Studio 2012 will look similar to what is shown in Figure 7.

Figure 6. New WCF project templates

Figure 7. WCF project template interface definition

5.1.1.1 Creating the Interface
To create our service, we need a service contract, which is the interface of the service. This consists of all the methods exposed,
as well as the input and output parameters that are required to invoke the methods. To accomplish this task, rename the file
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IService1.vb to ICalculator.vb. Then we replace the contents of the generated file with the code presented in Listing 1. The
<ServiceContract> is used as part of an interface definition. That interface will expose a series of <OperationContract> method
definitions, which describe what services this service provides.

<ServiceContract()> Public Interface ICalculator
<OperationContract()>

Function Add(ByVal a As Integer, ByVal b As Integer) As Integer
<OperationContract()>
Function Subtract(ByVal a As Integer, ByVal b As Integer) As Integer
<OperationContract()>
Function Multiply(ByVal a As Integer, ByVal b As Integer) As Integer
<OperationContract()> Function Divide(ByVal a As Integer, ByVal b As Integer) As Integer

End Interface

Listing 1: Service Interface Definition – Icalculator.vb

5.1.1.2 Utilizing the Interface
The next step is to create a class that implements the interface. Not only is the new class implementing the interface defined, it
is also implementing the service contract. From Solution Explorer, right click on the generated Service1.vb file and rename this
file as Calculator.vb. Next, replace the code in this file with the code shown in Listing 2. It is a simple class that implements the
ICalculator interface and provides implementations of the Add, Subtract, Multiply and Divide methods.

Public Class Calculator
Implements ICalculator
Public Function Add(ByVal a As Integer, ByVal b As Integer) As Integer

Implements ICalculator.Add
       Return a + b

End Function
Public Function Subtract(ByVal a As Integer, ByVal b As Integer) As

Integer Implements ICalculator.Subtract
       Return a - b

End Function
Public Function Multiply(ByVal a As Integer, ByVal b As Integer) As

Integer Implements ICalculator.Multiply
       Return a * b

End Function
Public Function Divide(ByVal a As Integer, ByVal b As Integer) As Integer

Implements ICalculator.Divide
        Return a / b
      End Function
End Class

Listing 2. Calculator Implementation – Calculator.vb

5.2 Hosting the WCF Service in a Console Application
The next step is to take the service just developed and host it in some type of application process. We have many available
hosting options, including the following:

• Console applications
• Windows Forms applications
• Internet Information Services (IIS) 5.1
• Internet Information Services (IIS) 6.0, etc.,
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There are couple of ways to activate hosting – either through the direct coding of the hosting behaviors or through declarative

Figure 8. Adding reference to ProVB_WCFCalculatorLibrary

Figure 9. Adding reference to System.ServiceModel
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programming (usually done via the configuration file). For this example, the console application will define the host through
coding the behaviors of the host environment directly. As mentioned at the start of this sample, in order to host a WCF service
this way, we need to have started Visual Studio with the Run as Administrator menu link. If we are not running as administrator,
we will get permissions error when the console application attempts to start. Using the File menu in Visual Studio 2012, select
Add New  Project to add a new Console Application to our solution. We name the new console application ProVB_ServiceHost.
After creating the new project, we right-click the project name in Solution Explorer and set this project to be the startup project.
Next, we right-click the project and select Add Reference. We need to add two references for this console application to act as
a service host. The first is available from Solution  Projects tab, Add a reference to the ProVB_WCFCalculatorLibrary as
shown in Figure 8. After adding this reference, open the dialog a second time and switch to the Assemblies  Framework tab.
Scroll down and select System.ServiceModel.dll as shown in Figure 9. We are now ready to start making changes to the code.
The code shown in Listing 3 implements the console application. A couple of things are going on in this file. First, in order to gain
access to work with any of the WCF framework pieces, we need a reference to the System.ServiceModel and the
System.ServiceModel.Description namespaces in the file. The System.ServiceModel gives us access to defining things such as
the endpoints that we need to create, while the System.ServiceModel.Description namespace reference gives us access to
defining things such as the WSDL file.

Imports System.ServiceModel
Imports System.ServiceModel.Description
Module Module1
     Sub main ()
         Using svchost As New ServiceHost ( _

GetType(ProVB_WCFCalculatorLibrary.Calculator))
Dim netBind As New NetTcpBinding(SecurityMode.None)
svchost.AddServiceEndpoint ( _
     GetType(ProVB_WCFCalculatorLibrary.ICalculator), netBind,

New Uri(“net.tcp://localhost:8080/Calculator/”))
Dim smb As New ServiceMetadataBehavior()
smb.HttpGetEnabled = True
smb.HttpGetUrl = New Uri (“

http://localhost:8733/Design_Time_Addresses/ProVB_WCFCalculatorLibrary/
Service1/mex”)

svchost.Description.Behaviors.Add(smb)
svchost.Open()
Console.WriteLine (“press <Enter> to close and end the service Host”)
Console.ReadLine ()

          End Using
      End Sub
End Module

Listing 3. Calculator Host - ProVB_ServiceHost/Module.vb

Remember that creating endpoints uses the address, binding and contract. The address part here is net.tcp://localhost:8080/
Calculator. The binding is a TCP binding – NetTcpBinding, while the contract part is the ICalculator interface.

In the first step of the example, for the console-application code, a ServiceHost object is established:

Using svchost As New ServiceHost( _

GetType (ProVB_WCFCalculatorLibrary.Calculator))

By working with the Using keyword, when the End Using statement is encountered, the ServiceHost object is destroyed. In the
creation of the Host, the Calculator type is assigned. From there, the endpoint is established. In this case, a NetTcpBinding
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object is created with a security setting of None through the command SecurityMode.None:

Dim netBind As New NetTcpBinding(SecurityMode.None)

This means that no security is applied to the message.

Figure 10. Editing the SecurityMode property in Visual Studio

Once the NetTcpBinding object is in place, the next step is to finalize the endpoint creation. This is done through the use of the
ServiceHost object’s AddServiceEndpoint method.

svchost.AddServiceEndpoint ( _
GetType (ProVB_WCFCalculatorLibrary.ICalculator),

netBind, New Uri (“net.tcp://localhost:8080/Calculator/”))

The next step is a process to bring forth the WSDL document so that it can be viewed by the developer consuming this service:

Dim smb As New ServiceMetadataBehavior ()
smb.HttpGetEnabled = True
smb.HttpGetUrl = New Uri (“

http://localhost:8733/Design_Time_Addresses/ProVB_WCFCalcul
atorLibrary/Service1/mex”)

svchost.Description.Behaviors.Add (smb)

This bit of code is the reason why the System.ServiceModel.Description namespace is imported into the file at the beginning.
Here, a ServiceMetadataBehavior object is created, the object’s HttpGetEnable property is set to True, and the HttpGetUrl
property is provided an address of http://localhost:8733/Design_Time_Addresses/ProVB_WCFCalculatorLibrary/Service1/
mex”. The document can be located anywhere we like. After the ServiceMetadataBehavior object is created as we wish, the next
step is to associate this object with the ServiceHost through the ServiceHost.Description.Behaviors.Add method. After all
these items are defined, you need only open the ServiceHost for business, using the ServiceHost.Open method. The console
application is kept alive through the use of Console.ReadLine method call, which waits for the end user to press the Enter key
before shutting down the application. We want the Console.ReadLine command there because we want to keep the host open.

Compiling and running this application produces the result illustrated in Figure 11. Note that our service is available only for as
long as that console window is open and active; when we close the console we are stopping the listener for our new service.
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Figure 11. Running ProVB_ServiceHost to host the Service

5.3 Building a WCF Consumer
Now that a TCP service is out there, which we built using the WCF framework, the next step is to build a consumer application
that uses the simple Calculator service. The consumer sends its request via TCP using SOAP. Using TCP means that the
consumption can actually occur with a binary encoding of the SOAP message on the wire, substantially decreasing the size of
the payload being transmitted.

This section describes how to consume this service. We have two options at this point: We can open a second instance of Visual
Studio 2012 and create a new WPF Application project to reference our service or we can add a new WPF Application project to
our current solution. For simplicity, this example uses the latter. The only difference in terms of what is needed occurs as part of
adding a reference to the service. If we create our application in a new solution, then in order to add the reference we will need
to have a copy of the service running. To that end, after we add a new project called ProVB_WCFCalculatorClient1 to our
current solution, we can start the add reference process by adding a reference to the service project in the shared solution.

Figure 12. Adding a reference to the service
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5.3.1 Adding a Service Reference
Right-click on the project name in the Solution Explorer and select Add Service Reference from the dialogue. After selecting Add
Service Reference, we are presented with the dialogue shown in Figure 12.

The Add Service Reference dialog asks us for two things: the Service URI (basically a pointer to the WSDL file) and the name
we want to give to the reference. The name we provide the reference is the name that will be used for the instantiated object that
enables us to interact with the service.

Referring to Figure 12, we can see that the name provided for the Address textbox is http://localhost:8000/Calculator. Manually
entering that URL is the difference between having our client in a separate solution and what we are about to do for a client in
the same solution. Since in this case we are working with a service within the same solution, we are going to use the Discover
button. Using this button will trigger Visual Studio 2012 to look at the current solution, locate any services, and dynamically
create a host for that service.

Figure 13, illustrates the Add Service Reference dialog after having located the local service using the Discover button.

Figure 13. Adding a reference to the WCF service in the same solution

Notice that by expanding the top-level Calculator node within the Services pane in Figure 14, a single interface is exposed, and
selecting that interface populates the available operations in the Operations pane.

Rename the service reference to CalculatorService from ServiceReference2. Press the OK button in the Add Service Reference
dialog. This application setting is read at runtime, and then after the service reference is created, its Uri property is updated with
the correct value from the application configuration file.
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Figure 14. Adding a reference to the WCF service in the same solution

5.3.2 Reviewing the Reference
We have now added a Service References folder to our project, which contains the proxy details for our Calculator service. This
proxy is a collection of files, as shown in Figure 15.

5.3.3 Configuration File Changes
Another addition to our project is the app.config file. After the service reference is made, the app.config file contains several
new configuration settings. These configuration settings were automatically added by the Visual Studio 2012 WCF extensions.
The new app.config file is presented in Listing 4.

The key node in the configuration document is <client> element. This element contains a child element called <endpoint> that
defines the “where” and “how” of the service consumption process.

The <endpoint> element provides the address of the service – and it specifies which binding of the available WCF bindings
should be used. In this case, the BasicHttpBinding is the required binding. The settings that define the behavior of the binding
are specified using the bindingConfiguration attribute of the <endpoint> element. The value provided to the
bindingConfiguration attribute is BasicHttpBinding_ICalculator, which is a reference to the <binding> element contained
within the <basicHttpBinding> element.

The next step is to code the Windows Forms project to test the consumption of the service interface.
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<?xml version = “1.0" encoding = “utf-8" ?>
<configuration>
      <startup>
            <supportedRuntime version = “v4.0"
sku = “.NETFramework,Version = v4.5" />
      </startup>
     <system.serviceModel>
            <bindings>
                <basicHttpBinding>
                       <binding name = “BasicHttpBinding_ICalculator” />
               </basicHttpBinding>
           </bindings>
          <client>
             <endpoint address = “http://localhost:8733/Design_Time_Addresses/ProVB_WCFCalculatorLibrary/
Service1/”

binding = “basicHttpBinding”
bindingConfiguration = “BasicHttpBinding_ICalculator”
contract = “CalculatorService.ICalculator”
name = “BasicHttpBinding_ICalculator” />

     </client>
   </system.serviceModel>
</configuration>

Listing 4. Configuration – App.config

Figure 15. Solution Explorer displaying Calculator Service
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5.4 Writing the Consumption Code
The code to consume the interface is quite minimal. End users will merely select the radio button of the operation they want to
perform. The user places a number in each of the two textboxes provided and clicks the Calculate button to call the service to
perform the designated operation on the provided numbers.

To accomplish this, we add three text boxes, four radio buttons, one button and four labels to our window. Note that we will need
to name each of the text boxes and radio buttons used in the client. Naming the button is an optional. Labels don’t need a name.
The display should look similar to what is shown in Figure 16.

Figure 16. Designing the Calculator Client

Class MainWindow
        Private Sub btnClick_Click(sender As Object, e As RoutedEventArgs)
Handles btnClick.Click
            Dim result As Integer
            Dim ws As New CalculatorService.CalculatorClient()
            ws.Open()
            If rbAdd.IsChecked = True Then
               result = ws.Add(Integer.Parse(txtNum1.Text),
Integer.Parse(txtNum2.Text))
           ElseIf rbSubtract.IsChecked = True Then
               result = ws.Subtract(Integer.Parse(txtNum1.Text),
Integer.Parse(txtNum2.Text))
           ElseIf rbMultiply.IsChecked = True Then
               result = ws.Multiply(Integer.Parse(txtNum1.Text),
Integer.Parse(txtNum2.Text))
          ElseIf rbDivide.IsChecked = True Then
               result = ws.Divide(Integer.Parse(txtNum1.Text),
Integer.Parse(txtNum2.Text))
         End If
         ws.Close()
         txtResult.Text = result
     End Sub
End Class

Listing 5. Calculate Event Handler - MainWindow.xaml.vb
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Clicking the Calculate button will create an instance of the service and then open a connection and make the appropriate call.
To implement a call to the service add a button handler for the button labeled Calculate. A copy of the code is shown in listing
5.

Dim ws As New CalculatorService.CalculatorClient(), is an instantiation of the proxy class. Working with the ws object now,
provides us the appropriate Add, Subtract, Multiply and Divide methods. Running this application provides results similar to
those presented in Figure 17.

Figure 17. Displaying the results of the service call in the client

In this case, the Multiply method is invoked from the service when the form’s Calculate button is pressed. Depending on how
we map that service to our client, we can consume the service as either an XML-based data transfer or a binary data transfer that
can map directly into our .NET Windows Forms application.

6. Conclusion

Web Services make it possible for diverse applications to discover each other and exchange data seamlessly via the Internet.
The web services architecture provides a new way to think about and implement application - to - application integration and
interoperability that makes the development platform irrelevant. For instance, programs written in Java and running on Solaris
can find and call code written in C# that run on Windows XP, or programs written in Perl that run on Linux, without any concern
about the details of how that service is implemented. Thus, the promise of web services is to enable a distributed environment
in which any number of applications, or application components, can interoperate seamlessly among and between organizations
in a platform-neutral, language-neutral fashion. This interoperation brings heterogeneity to the world of distributed computing
once and for all.
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