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[bookmark: _Toc536444581]Microsoft’s introduction of Windows Communication Foundation
The Windows Communication Foundation was code-named Indigo and is also known as the WCF, makes it simpler for the developers to construct a system which comply to the service-oriented principles [1]. For instance, [1] within the system it is possible to use OO (Object-Oriented) technology to execute elements which will establish the service. On the outside of the system the transmission mostly relies on messages. Overall, both technologies work hand-in-hand with each other to collectively produce an overall SOA, Service-Oriented Architecture, structure. Windows Communication Foundation is a principle for Windows Service-Oriented Architecture which was created for establishing distributed service-oriented applications for both the enterprise and the web [2]. SOA is a design pattern which the guiding principles are influenced by the complexion of the creation. Furthermore, the SOA describes every section within the system should be a service and the system should be made up of numerous loosely-coupled services [3]. WCF is necessary technology which supplies the developer with a simple way to produces services and applications, it is skilfully arranged from the ground up to simplify the development and organisation [4]. WCF is Microsoft’s leading edge in technology which authorised applications in a distributed setting to liaise with each other [3]. WCF is constructed on the Microsoft .NET Framework and makes it easier to develop within the connected systems [3]. The main aim of WCF is to supply a singular programming model which is able to be used to design solutions within the .NET language for companies [3]. Programming WCF service provides the developer with a good understanding about what Microsoft have created as a starting point for the developer’s capabilities and skills [4]. 
WCF provides numerous benefits and is not just an additional way of producing a distributed resolution to a problem. WCF began with the release of .NET, Microsoft disclosed of the technology at the Microsoft Product Developers Conference in 2003 in Los Angeles [1]. The three main design goals of WCF are [1]:
	• Existing technologies getting merged.
	• The ability to exchange and use information across platforms.
	• Service-oriented development.
 










[bookmark: _Toc536444582]How to host a WCF service
In order to host a WCF service, firstly, the developer must create a new service contract with a single operation, and they must execute this contract on a new service type. After completing this the developer must add a new console application to the solution, which will then be the host application [2]. The developer must incorporate a ‘ServiceHost’ instance which will be used for the service type and it must construct a singular end point, how to implement this is explained below [2]: 
1) Find Solution Explorer and add new Console Application to the solution, name the project ‘Host’.
2) Attach a reference to the ‘System.ServiceModel’ and attach the following statement to ‘Program.cs “using System.ServiceModel;”
3) Generate a ‘ServiceHost’ instance and end point to the service, then click on ‘Program.cs’ which can be seen within the code window and then alter the ‘Main()’ entrance by adding the following code : 
“static void Main (string [] args)
{
                      using (ServiceHost host = new ServiceHost(typeof(HelloIndigo.HelloIndigoService),
                new Uri (http://localhost:8000/HelloIndigo)))
   {
       host.AddServiceEndpoint(typeof(HelloIndigo.IHelloIndigoService),
new BasicHttpBinding(), “HelloIndigoService”);
       host.Open();
       Console.WriteLine(“Press <ENTER> to terminate the service host”);
       Console.ReadLine();
   }
} ”

4) Assemble and run the host to establish that it does operate. Through Solution Explorer, right-click on the ‘Host’ project node and click on “Set as Startup Project.” Execute the project and the console application should appear.
5) Terminate the debugger and go back to Visual Studio.

This is now set up as a host application for the service, when it is administered the clients can communicate with the service [2].
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In WCF, each service uncovers contracts. A contract is a contract in which the software should run or display on any type of computer or mobile phone. The WCF contains four different contracts which are [4] : 
• Service contracts, this defines what operations the client is able to carry out on the service.
• Data contracts, which describe which types of data are being passed in and out of the service, WCF suggests contracts for data types which can be known as a bool, string or an int. However, the other data types can be easily defined as explicit also. 
• Fault contracts, which describe the error which can be expressed by the service, it also shows the ability in which the service can cope with and overcomes faults for its clients.
• Operation contracts, this determines the parameters and return types of operations [3].
 	A WCF service relies on an interface which establishes an agreement between the service and the end user, it is pronounced through using a ‘ServiceContract’ attribute [5]. The methods and functions must be outlined to be revealed by a WCF service, this is completed through defining them with an ‘OperationContract’ attribute [5]. Furthermore, it is possible to display serialised data through defining it as a composite type through using a ‘DataContract’ attribute. This authorises the data binding within a client and a singular WCF service class is able to execute numerous service contracts [5]. A service contract is the interface of the WCF service [3]. Moreover, it informs others about what the service is able to carry out, this may involve ‘service-level settings’ which includes the service name, the service namespace and the accompanying contract recalls. Within the interface, the contract is able to describe numerous methods or service operations for certain duties, usually a WCF service has a minimum of one service contract [3]. A WCF service can be provided in various ways including [5]:
• Internet Information Services (ISS).
• Windows Activation Services (WAS).
• Console application.
• Windows Service.









[bookmark: _Toc536444584]Service contract attribute
WCF allows the ability to administer the Service Contract attribute onto an interface or a class, and if it is applied onto an interface, a class must be able to execute the interface [4]. An example of the code is shown below [4]:

[UseOfAttributes(AttributeTargets.Interface,Inherited = false)]
public sealed class ServiceContractAttribute : Attribute
{
	public string Name
	{get;set;}
}


That attribute authorises the developer to create a service contract, it is possible to use the attribute to execute a class or an interface [4]. The ‘ServiceContractAttribute’ reveals a CLR interface, or a class as a WCF contract, which works unaccompanied of the visibility of a data type (int, string) [4]. The visibility of any type is not relevant to WCF, this is because the visibility is a CLR concept, furthermore, without the service contract attribute the interface is invisible to the clients of the WCF [4]. In order to implement this, it is essential that the complete contracts openly ‘opt in’ where the classes or interfaces which are using the service contract attribute is then viewed as a contract which is used by the WCF [4]. Moreover, for the WCF to understand which contract the developers will be using, it must be clearly indicated, for example if the operation contract were to be used the code would look like [4] :
[UseOfAttributes(AttributeTargets.Method)]
public sealed class OperationContractAttribute : Attribute
{
	public string Name
	{get; set;}
} 
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It is only possible to implement the operation contract attribute on the methods, outside of the properties, indexes or events as they are concepts of the CLR and will be unable to view on the WCF. The WCF only understands the operation contract attribute within the service contract [4]. An operation contract must be created within a service contract and it explains the parameters and return types of a system. The operation can receive data which has a native data type, like an integer as a parameter, or it could receive a message, which must be known as a message contract type. The service operation is an interface and the operation contract must be an explanation of an operation [3]. It must be executed with the purpose that the service operates as a WCF service. An example of executing the service contract attribute on an interface or a class, and then implementing the operation contract is shown below [4]:

[ServiceContract]
Interface ITeddy 
{
	[OperationContract]
	String Yes();
}

class Service : ITeddy
{
	Public string Yes()
	{
		Return “Teddy bear for sale”;
	}
}

	The Common Language Runtime which is also known as the CLR is a .NET typed, stack-based intermediate language (IL), an Execution Engine (EE), it runs IL and provides numerous runtime services and a set of shared libraries [6]. The focal point of the CLR is object-oriented languages, which is shown in the type system, the basis of the CLR is the explanation of the classes within a single-inheritance hierarchy alongside Java-style interfaces [6].
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If a service operation allows or reinstalls any type the WCF applies the ‘DataContractSerializer’ which serialised the type or the parameter. This translates to being able to progress anything with a serialisable type as a parameter or a value which has been returned from an operation contract [4]. Furthermore, while a serialisable attribute is achievable, it lacks the quality which is required for service-oriented interaction between the clients and its services. Again, the result is to create a new WCF service-oriented opt-in attribute, the main attribute is known as the ‘DataContractAttribute’ which is seen as [4]: 
	public sealed class DataContractAttribute : Attribute
{
		public string Name
		{get; set;}
	}
By executing the data contract attribute within a class it prohibits the WCF’s ability to serialise several of its members, all it does is opt-in the type which indicates that the type is prepared to be assembled by its value [4]. To be able to serialise any of the members the ‘DataMemberAttribute’ must be applied instead of the ‘DataContractAttribute’. When the data contract is used within a contract operation, it is issued in the service metadata, the new definition will sustain the original [4]:
	namespace NamespaceName
	{
		[DataContract]
		struct Contract
		{…}
		[ServiceContract]
		interface IContactLeader
		{
			[OperationContract]
			void AddContact (Contact contact);
			[OperationContract]
			Contact[] GetContacts();
		}
	}
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[bookmark: _GoBack]Without fail, any exception disregarded by the service reaches the client as a ‘FaultException’, this is because anything that goes further than the errors within the communication must be a section of the service contractual behaviour [4]. So, the WCF supplies fault contracts, this is for the service to select the errors it decides to throw, the reason for this is so that the numerous amounts of errors are similar to the parameter data types used with the FaultException. By keeping a record of them in a contract, known as the fault contract, a WCF client can distinguish between the contracted faults and more serious faults. The fault contract code is seen as [4]:
	[UseOfAttribute(AttributeTargets.Method, AllowMultiple = true, Inherited = false)]
	{
		public FaultContractAttribute(Type detailType);
	}

The fault contract is limited to the method it is applied to, only that method is able to throw the error, and have it published to the client [4]. Furthermore, if the program throws the fault which is not in the contract it will show the client a ‘FaultException’, to advance the program must throw the same but with a more detailed explanation about the fault.
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It is possible to execute all three message exchange patterns through operating service contracts, the three message exchange patterns include; request-reply, one-way and duplex [2]. 
[bookmark: _Toc536444589]Request-reply
All service operations use the request-reply pattern automatically even if it doesn’t clearly give back a consequence, so it returns a ‘void’. Through implementing this pattern, the clients will be obstructed until the client is presented with a reply or a time out [2]. Within the service, the messenger will wait for the operation to run its full course before providing the client with a reply. If the exception occurs during any point of the processing section of the service, then a SOAP is contained within the response. A SOAP fault is a typical plan for transporting exceptions between applications, it provides structures for the information contained within the message body when the errors occur [2].
[bookmark: _Toc536444590]One-way
The operation contract attribute includes a ‘IsOneWay’ property which is automatically is set to false, it is possible to set it to true for the operations which return a void [2]. Through doing this it alters the request-reply operation and makes it a one-way operation; the service model allows the client connection to be free immediately when the message reaches the channel and before implementing the application [2]. Furthermore, this suggests the client is not obstructed, demonstrating the call is asynchronous. When the call is asynchronous it means the clients will not be presented with any notification of the exceptions which occur [2].
[bookmark: _Toc536444591]Duplex
The duplex pattern concerns the bi-directional flow connecting the client and the service, to execute this, service contracts supplies a call back contract. This looks similar to a service contract as it has an interface which possesses methods marked with the operation contract attribute [2]. Duplex’ play a main role in applications which provides the clients with notifications, provide events or executes a form of publish-subscribe pattern [2].
[bookmark: _Toc536444592]Asynchronous
Usually a client is stopped from the application as the service executes the call. However, in some cases there is need for the ability to control and return instantly to client whilst the service performs the operation behind the scenes. Then make the client aware that the method has been implemented and provides the client with the results of the invocation [4]. This allows the developer to enhance client responsiveness and availability. 
[bookmark: _Toc536444593]Peer to peer
The peer channel is the most straightforward way to influence the abilities of Peer-to-Peer networking in order to create service-less applications. The communication is created via endpoints, which are known as an address, a binding and a contract [7]. It can control which peers are granted permission to transfer data between, it also ensures the confidentiality and honesty of the communication [7].


[bookmark: _Toc536444594]WCF interoperability 
The WCF has been created to make interoperability easier via web service standards, precisely, it supplies implementations of numerous standards. Developers are able to operate the implementations to be able to attain interoperability through different systems which administer a subset of the duplicate specifications [7]. The finalised specification list which was executed by the WCF can be viewed within the documentations which has been displayed on the Internet [7]. In order to discover it, the user must search for “Web Services Protocols Supported by System-Provided Interoperability Bindings” within the ‘Microsoft Developer Network Library’ which can be found in http://msdn.microsoft.com/library/default.asp [7]. The WS-I Basic Profile 1.1 gives the ability for developers to define how they can manipulate the subset of the protocols to enhance the possibility of interoperability [7]. Furthermore, it is possible for the WCF client to easily transmit data with a non WCF service which follows the profile [7]. Finally, the WCF issues the user with interoperability along the execution of numerous web service protocols [7].
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