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WCF, also known as Windows Communication Foundation, is built by Microsoft to allow clients to send data from one service endpoint to another. It is also a Microsoft platform for building distributed and interoperable applications [1]. Distributed and interoperable applications in WCF are developed based on service-oriented architecture (SOA).  

[bookmark: _Toc535659034]1.1 What is SOA

Service-oriented architecture (SOA) is an approach for distributed systems architecture that employs loosely-coupled services, standard interfaces and protocols, to deliver seamless cross platform integration [2]. In other words, it is a flexible, distributed and loosely-coupled architecture. It is used to integrate any different services components by providing them with a common interface and set of protocols. 




[bookmark: _Toc535659035]2.0 Microsoft’s introduction of Windows Communication Foundation

Microsoft initially introduced WCF as part of the .NET Framework 3.0. However, it was altered and enhanced for the upgraded version of .NET Framework 3.0, .NET Framework 3.5 and Visual Studio 2018. It is regarded as Microsoft’s revolutionary technology. WCF enables developers to build secure, reliable, transacted solutions that integrate across platforms and interoperate with existing services since it is an ideal SOA implementation [3]. The advantages of WCF include:
· It is one of the fastest communication technologies and has an excellent performance 
· It uses Web Server specifications to provide reliability, security and transaction management.
· Data is sent through messages that can be queued using persistence queuing, which means no delays occur.
· It can be configured to work independently of SOAP.

[bookmark: _Toc535659036]2.1 Technologies WCF superseded:
1. [bookmark: _Toc535659037]Enterprise services
Enterprise services is used to describe architectures that have engineering and computer science disciplines to solve practical business problems. Enterprise services bus (ESB) allows different services to send messages through queuing. ESB act as the courier of the message.
2. [bookmark: _Toc535659038]Dot net remoting
Dot net remoting is used for communication when an object is not in the same process as the other object. It allows inter-process communication where applications can be located in separate networks.  
3. [bookmark: _Toc535659039]Web services
 Web services enable electronic devices communicate with each other. It is designed for human-to-machine communication but can also communicate machines to machines. 
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1.0 [bookmark: _Toc535659041]Implementation of WCF 

The endpoint connects a WCF client to the WCF Service. The ABCs of WCF is used to remember address, binding, and contract. A URL specifies where an endpoint can be accessed is the address of an endpoint. The first part of the format of an address is the transport schema, whereas the second part is the server location. The third part is the PORT number where the server will accept incoming requests. The fourth part is the format of an address is the relative location of the resource on the server. 
Different communication protocols can be used to access the service; therefore, binding specifies which communication protocols are being used. Examples of communication protocols include SOAP over HTTP, SOAP over TCP, and SOAP over Message Queues.  
[image: ]
Figure 1.1 WCF Runtime Execution 
The figure above shows two channels, transport channel and protocol channel stacking on each other. Both channels are located in the channel stack, where binding is performed. 
The C in ABCs of WCF means the contract. It is an agreement between the client and the server about the exchanging messages’ structures. 
For WCF, there are several types of hosting available:
· Self-Hosting in Console or Desktop application
· Windows Form application hosting
· Windows Service hosting
· Windows Activation Services (WAS) hosting
· IIS hosting [4]
1.2 How to Do Self-Hosting in WCF 

	We can create a windows service host with the same procedures as self-hosting a service. The service code can be kept in the host application, but it can also be in the WCF service inside a class library. Before hosting in WCF, a service library needs to be created. The steps are as follows;
1. Create a simple WCF Service Library
2. Create a method
3. Create a class that implements service contract
4. Run the project, and a WCF Test Client will pop up to test the service
With the service ready, it can be hosted. There are several steps in Self-Hosting the Service, starting with;
1. Create a simple console application
2. Add the reference to Service library into the application
3. Add reference to System.ServiceModal and System.Runtime.Serialization
4. Define endpoints and the ABC’s of WCF
5. Add ServiceHost class
6. Check the Self-Hosted Service [5].
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There are two ways for metadata exchange. First is providing the metadata over the HTTP-GET protocol, and second is using a dedicated endpoint. For the first option, you need to add an explicit service behaviour for it to be enabled. There are two ways to add this behaviour – administratively or programmatically. For administrative approach, the address the clients need to use for the HTTP-GET is the registered HTTP base address of the service.
<system.serviceModel>
   <services>
      <service name = "MyService"behaviorConfiguration = "MEXGET">
         <host>
            <baseAddresses>
               <add baseAddress = "http://localhost:8000/"/>
            </baseAddresses>
         </host>
         ...
      </service>
      <service name = "MyOtherService" behaviorConfiguration = "MEXGET">
         <host>
            <baseAddresses>
               <add baseAddress = "http://localhost:8001/"/>
            </baseAddresses>
         </host>
         ...
      </service>
   </services>
   <behaviors>
      <serviceBehaviors>
         <behavior name = "MEXGET">
            <serviceMetadata httpGetEnabled = "true"/>
         </behavior>
      </serviceBehaviors>
   </behaviors>
</system.serviceModel>
Example 1.3.1: Enabling metadata exchange over HTTP-GET [5]

	The next step would be navigating to the HTTP base address. If successful, there will be a confirmation page which shows that you have successfully hosted a service. 
	The Metadata Exchange Endpoint (MEX Endpoint) enables services to publish their metadata over a specific endpoint. IMetadataExchange interface must be included in the code because it supports a standard for metadata exchange, as represented in WCF.
[ServiceContract(...)]
public interface IMetadataExchange
{
   [OperationContract(...)]
   Message Get(Message request);
   //More members
}
Example 1.3.2: IMetadataExchange interface [6]

WCF provides dedicated binding transport elements for HTTP, HTTPS, TCP and IPC protocols. 
<service name = "MyService" behaviorConfiguration = "MEX">
   <host>
      <baseAddresses>
         <add baseAddress = "net.tcp://localhost:8001/"/>
         <add baseAddress = "net.pipe://localhost/"/>
      </baseAddresses>
   </host>
   <endpoint
      address  = "MEX"
      binding  = "mexTcpBinding"
      contract = "IMetadataExchange"
   />
   <endpoint
      address  = "MEX"
      binding  = "mexNamedPipeBinding"
      contract = "IMetadataExchange"
   />
   <endpoint
      address  = "http://localhost:8000/MEX"
      binding  = "mexHttpBinding"
      contract = "IMetadataExchange"
   />
</service>
<behaviors>
   <serviceBehaviors>
      <behavior name = "MEX">
         <serviceMetadata/>
      </behavior>
   </serviceBehaviors>
</behaviors>
Example 1.3.3: Adding MEX Endpoints [7]

	There is no dedicated binding type for metadata exchange in WCF. Therefore, a custom binding needs to be constructed. To add MEX Endpoints programmatically, AddServiceEndpoint() method needs to be called with the presence of the address, custom binding, and IMetadataExchange contract type. 
BindingElement bindingElement = new TcpTransportBindingElement( );
CustomBinding binding = new CustomBinding(bindingElement);

Uri tcpBaseAddress = new Uri("net.tcp://localhost:9000/");
ServiceHost host = new ServiceHost(typeof(MyService),tcpBaseAddress);

ServiceMetadataBehavior metadataBehavior;
metadataBehavior = host.Description.Behaviors.Find<ServiceMetadataBehavior>( );
if(metadataBehavior == null)
{
   metadataBehavior = new ServiceMetadataBehavior( );
   host.Description.Behaviors.Add(metadataBehavior);
}
host.AddServiceEndpoint(typeof(IMetadataExchange),binding,"MEX");
host.Open( );
Example 1.3.4: Programmatically adding MEX Endpoint [8]
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1. [bookmark: _Toc535659045]Service

Service contracts describe which operations client may perform on the service [9]. It defines the operations from the service to outside world. Its attribute is under System.ServiceModel namespace.
    public class Service1 : IService1
    {

        [ServiceContract]
        interface IMyContract
        {
            [OperationContract]
            string Method1();
        }

        class MyService : IMyContract
        {
            public string Method1()
            {
                return "Hello World";
            }
        }
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2. Operation

The Operation contract enables client to call the function inside the interface. It is defined within a service contract. Only Operation contract methods can be exposed to client. Below is an example of how Operation contract works under the Service Contract. 

    public class Service1 : IService1
    {

        [ServiceContract]
        interface IMyContract
        {
            [FaultContract(typeof(MyFaultContract))]
            [OperationContract]
            string Method1();
        }
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3. Data

A Data contract describes the data type of the information exchanging between the client and the service. 

    [DataContract]
    class Person
    {
        [DataMember]
        public string ID;
        [DataMember]
        public string Name;
    }

    [ServiceContract]
    interface IMyContract
    {
        [OperationContract]
        Person GetPerson(int ID);
    }







4. [bookmark: _Toc535659048]Fault

Errors may occur in WCF; therefore, it can be passed to the client using FaultContract. Declaring a FaultContract in a service is shown below.
    [ServiceContract]
    interface IMyContract
    {
        [FaultContract(typeof(MyFaultContract1))]
        [FaultContract(typeof(MyFaultContract2))]
        [OperationContract]
        string MyMethod();

        [OperationContract]
        string MyShow();
    }
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Message Exchange Pattern in WCF 
Request sent by a client to a service could be in any format. WCF keeps data in either XML or JSON format. Therefore, the message exchange format is in either both formats. In WCF, exchange of messages is known as Message Exchange Pattern (MEP). 
1. [bookmark: _Toc535659050]Request-response
Request-response is the default pattern for communication between the client and the service. The service will generate a response to the client.
[image: Request Response]
Figure 1.1: Request-Response Pattern

  [ServiceContract]
        public interface RequestReplyMEPService
        {
            [OperationContract(IsOneWay = false)]
            void SaveData(string value);
        }
        





2. [bookmark: _Toc535659051]One-way
One-Way MEP provides options for clients to execute long running business process or delivering messages in a queue. Using this pattern, messages sent to WCF service by client will not be responded if there are errors. One-Way MEP is supported by all WCF Bindings. 

        [ServiceContract]
        public interface OneWayMEPService
        {
            [OperationContract(IsOneWay = true)]
          }





3. [bookmark: _Toc535659052]Duplex

Duplex MEP enables messages to be sent to each other independently. It sends messages back to the client endpoint. A client can choose to connect to a service and provide a channel that send messages back to the client. However, a duplex communication can only be used within a session.  An example of a duplex contract is below;[ServiceContract(Namespace = "http://Microsoft.ServiceModel.Samples", SessionMode=SessionMode.Required,
                 CallbackContract=typeof(ICalculatorDuplexCallback))]
public interface ICalculatorDuplex
{
    [OperationContract(IsOneWay = true)]
    void Clear();
    [OperationContract(IsOneWay = true)]
    void AddTo(double n);
    [OperationContract(IsOneWay = true)]
    void SubtractFrom(double n);
    [OperationContract(IsOneWay = true)]
    void MultiplyBy(double n);
    [OperationContract(IsOneWay = true)]
    void DivideBy(double n);
}


public interface ICalculatorDuplexCallback
{
    [OperationContract(IsOneWay = true)]
    void Equals(double result);
    [OperationContract(IsOneWay = true)]
    void Equation(string eqn);
}


In this example, PerSession is used by the service. Callback property is used to make sure that the messages are sent back to the client. 

4. [bookmark: _Toc535659053]Asynchronous

It is possible for a client to perform an asynchronous communication. An asynchronous communication occurs when a client sends a message to a queue or a message bus. There are two methods needed to create an asynchronous operation. It is shown as follows [9];[OperationContract(AsyncPattern=true)]
IAsyncResult BeginDoWork(string data,
                         ref string inout,
                         AsyncCallback callback,
                         object state);
[bookmark: _GoBack]int EndDoWork(ref string inout, out string outonly, IAsyncResult result);  



5. [bookmark: _Toc535659054]Peer to peer

Peer to Peer, also known as P2P, is an architecture that allows a system to share files. There are two types of P2P networks, Pure P2P Network and Hybrid P2P Network. Pure P2P Network does not have separated concept of either Client or Server, as each node is connected, and Peers play both Client and Server’s role. However, Hybrid P2P Network have both Client and Server’s concepts separated. Server’s only task is to gain information from answering peer’s requests [10]. 



[bookmark: _Toc535659055]What is Interoperability

	In general, interoperability means the ability to exchange and use information between multiple machines [10]. It allows unrestricted resources between systems. It could be data sharing between different components or changing of information between computers through Local Area Networks (LAN) or Wide Area Networks (WAN). It gives customers control over data they create and want to share. 

[bookmark: _Toc535659056]How WCF enables and supports interoperability
	
	An example of interoperability is between with ASP.NET Web Services and WCF can be achieved as long as both services use technologies conform to the WS-I Basic Profile 1.1. They are interoperable with WCF clients by using BasicHTTPBinding.  
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