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[bookmark: _Toc536355418]Introduction
[bookmark: _GoBack]This report details an evaluation and practical application of different components in the Windows Communication Foundation (WCF) framework. 
[bookmark: _Toc536355419]Windows Communication Foundation
Initially, the WCF framework is analysed with a comparison to those technologies that preceded it.  An example of hosting a WCF service will be documented, along with exploring how communication is established. Moreover, there will be an examination of, the major contract types used, along with metadata exchange and the most relevant exchange patterns. Throughout, there is a consideration of how interoperability is supported. 
[bookmark: _Toc536355420]WCF Overview
WCF was created by Microsoft to develop Service-Orientated applications (SOA), with these services being efficiently distributed across many client machines [1]. These applications could be cross-platform and utilise a range of technologies to develop new or existing systems built to be used over networks with the application’s performance, reliability and consistency being sufficient for the user's needs [2]. Zhang and Li also state that the benefits of this are that applications can be extended or adapted over time in line with a customer’s requirements, which they believe gives the framework a clear advantage for creating distributed applications [2]. Moreover, many standards suitable for web applications were incorporated including those that improve security by implementing better “user authentication, data integrity, verification, and data privacy” system security is improved [3].
Component Object Model (COM) was a technology that preceded WCF which Microsoft created and enhanced over time until the introduction of Web Services and the consequent development of WCF services [4]. An overview of these can be seen in figure one. 
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[bookmark: _Toc536355438]Figure 1.  An overview of the previous technologies that have preceded WCF services [4].
Sharp state that these early technologies would “work well when applications and components are running within the same local area network inside an organisation” [4]. Furthermore, he adds they were created for use with Microsoft Windows operating systems. Thus, the capability was not present to develop applications across greater distances, or cross-platform applications. 
Web services can be created using many platforms, for example, the .NET framework or Java [5]. The main benefit of this is that the applications are distributed globally [4]. However, the drawbacks include that they are “stateless and supports only HTTP protocol for communication” [6]. 
WCF can use different message formats, for example, XML or Binary, and or a range of transfer protocols such as TCP, without which a different web services would have to be created depending on the client application [7][5]. Furthermore, it is recognised that “WCF communication data is serialized as XML in order to provide interoperability ” [1]. To this end, Swarnalatha, Babu, and Thallapelly (p.96) state that WCF “unifies all distributed technologies and used for on-machine, cross machine, and cross internet” including those identified in figure one [6]. Therefore, this is the most significant benefit of WCF service, as it has integrated different communication technologies which are noted as being a critical factor increasing “interoperability and scalability” [3]. As a result, there is flexibility when creating distributed applications as they can connect to other services, an example is through Facebook who provides application programming interfaces for developers to use.  

[bookmark: _Toc536355421]Hosting WCF
In the previous section, it documented how service applications could be hosted either online or locally. Now the aim is first to analyse the communication process used in WCF and then to demonstrate how to self-host an application using both methods. 
[bookmark: _Toc536355422]Communication via WCF 
Within WCF the details of communicating between client and server are abstract, removing some of the complexities for developers. Ran and Li [3](p.590) explain how “It shares the contract rather than code between client and server, thus reduces the system coupling”. To achieve this the client and server use endpoints which in figure two Zhang and Li highlight how the “services are deployed, discovered and consumed as a collection” using this as a way to connect the two [2]. 
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[bookmark: _Toc536355439]Figure 2.  Address Binding and Configurations are required to communicate via endpoints [2].
Thus, developers can work with three essential components. Firstly, a service will provide code definitions which can include interfaces, classes and their associated members in addition to the implementations of any methods. These are accessible to the client application via the hosting of the services as mentioned in section 2.1 there are multiple ways of doing so. Finally, the client application which could come in many forms, for example, a console application a web app or windows forms each will implement the services which are obtained through the host.  Between the client and hosting of the service, the three items required to establish this connection use the acronym ABC represented as follows:
· Address – “Where the service is” [2]  or “URL through which the client can find the WCF service” [1].
· Binding – Is “how to communicate with the service” [2]. It includes details on “transport, encoding and protocol” [1]. 
· Contract – “What the service can do” [2] alternatively “grammatical descriptions about how to serialize the operation and data” [1]
Syntactically they both use matching ABC information, although on the client side it has to give each endpoint a name which will be used in each application to provide access. Another difference is the host details are embedded within service tags with the client using a tag of the same name. Both of which will be illustrated in the next section.  
[bookmark: _Toc536355423]Self-Hosted WCF Service 
In the previous section, it outlined how communication is established between the host service and a client application. Perhaps the simplest version of WCF application is a client application that uses the Add Service Reference feature, then using Discover feature to find the WCF service. In doing so, it creates a proxy which links client and service automatically assigning the ABC information as discussed. Then the client application uses the proxy class or service reference to create an object for the client to use these methods as seen in figure three. 
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[bookmark: _Toc536355440]Figure 3.  A Console application for the client using a WCF service.

However, to gain a better understanding of the code that is added automatically another WCF service will be created using configuration files. Moreover, it will explore using different client applications to can connect using different mediums to use single service.   

Initially, a WCF Service library was created along with the interfaces and classes and associated implementations. A WCF application would use it by adding a reference with any information generated by default being replaced. Thus, the SVC file was modified in the service tag section, with the namespace of the project and the name of the class used by the service contract: MathematicsSL.MathematicsService. The (ABC) or endpoint information is then added one the service side in the web.config file as follows: 
<services>
      <service name="MathematicsSL.MathematicsService"> 
        <endpoint address="" binding="basicHttpBinding" contract="MathematicsSL.IMathematics"/>
      </service>
 </services>
Within the host file the following code was added:
using(var servicehost = new ServiceHost(typeof(MathematicsService))) 

If not added programmatically within the file as seen the below:
ServiceEndpoint BassicHttpEndPoint1 = servicehost.AddServiceEndpoint(typeof(IMathematics), new BasicHttpBinding(), "http://localhost:1234/MathematicsService");
Then it will automatically look in the configuration files for the information. 
The next step is to add the following code to the client applications.
private IMathematics channel = null;
var endPoint = new EndpointAddress("http://localhost:1234/MathematicsService");

channel = ChannelFactory<IMathematics>.CreateChannel(new BasicHttpBinding(), endPoint);
channel = new 
The channel objects are described as bridge between WCF service and client also known as a proxy.
Alternatively, the host and the client application can be linked by adding this information directly in the App.Config files.


Host App.Config  
<system.serviceModel>
    <services>
      <service name="MathematicsSL.MathematicsService">
        <endpoint address ="http://localhost:1234/MathematicsService" binding="basicHttpBinding" name="MathematicsService_BasicHttp" contract="MathematicsSL.IMathematics" />

        <endpoint address ="http://localhost:4321/MathematicsService" binding="wsHttpBinding" name="MathematicsService_WsHttp" contract="MathematicsSL.IMathematics" />

        <endpoint address ="net.tcp://localhost:9999/MathematicsService" binding="netTcpBinding" name="MathematicsService_netTcp" contract="MathematicsSL.IMathematics" />
      </service>
    </services>
  </system.serviceModel>
Moreover, similar code will be added in the different clients App.Config files as documented below: 
Windows Forms Maths Application 
  <system.serviceModel>
    <client>
      <endpoint address ="http://localhost:1234/MathematicsService" binding="basicHttpBinding" name="MathematicsService_BasicHttp" contract="MathematicsSL.IMathematics" />
    </client>
  </system.serviceModel>

Remainder Application
<system.serviceModel>  
<client>
      <endpoint address ="net.tcp://localhost:9999/MathematicsService" binding="netTcpBinding" name="MathematicsService_netTcp" contract="MathematicsSL.IMathematics" />
      
    </client>
  </system.serviceModel>
Console Application
<system.serviceModel>
    <client>
      <endpoint address ="http://localhost:4321/MathematicsService" binding="wsHttpBinding" name="MathematicsService_WsHttp" contract="MathematicsSL.IMathematics" />     
    </client>
  </system.serviceModel>
Within the client applications a channel is created, it is used by the name reference linking the two.
ChannelFactory<MathematicsSL.IMathematics>("MathematicsService_BasicHttp").CreateChannel();
It enables multiple projects can be run on these different channels using the same service as seen in figure four and five.  
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[bookmark: _Toc536355441]Figure 4.  Windows form applications running on NetTCP and HTTP retrospectively. 
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[bookmark: _Toc536355442]Figure 5.  A console application using the same WCF services methods. 





[bookmark: _Toc536355424]Contract Types 
Thus far, the services that have been created have either been marked with the syntax: [ServiceContract]or [DataContract]. Now each contract type within WCF will be discussed, with examples used to demonstrate their application. Firstly in the real world contracts are defined as a formal agreement, and in WCF this agreement is “between a client and service”  [8]. These contracts reveal “the services and the information it will make available” [9] or “describing what the service does” [8]. Katiyar [8] informs of the importance stating “Contracts in WCF, provide interoperability they need to communicate with the client”. 
[bookmark: _Toc536355425]Service and Operation 
A new service contract can be applied to an interface or a class and is marked with the syntax of the same name [10]. Although, there is a preface is to use interfaces as service contracts as their application conforms to the principal aim of service contracts; also a class can use multiple interfaces each method can have a different implementation [11]. The methods within an interface will be marked the syntax operation contract, without which it will not be accessible to the client it is observed that only methods with the parameters and return types can use this syntax “not on properties, indexers or events” [10].   
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[bookmark: _Toc536355443]Figure 6.  The service contract implementation from the program highlighted in figure three. 



[bookmark: _Toc536355426]Data
The definition of a data contract is provided as follows “what data type to be passed to or from the client” [12]. Thus, any custom types or classes that are used within the service contracts are declared with regard to the parameter or return type [13]. Figure seven shows how the class UserNumber is a type passed into methods of the service contract methods.  
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[bookmark: _Toc536355444]Figure 7.  A custom class used in the service contract.
A class, structure, or enum can be marked with above with DataContract syntax with their associated members being marked with the DataMember syntax [10].  This is necessary because of how data is serialised and deserialised as ‘Service contracts’ will use built-in types for example strings and integers . 
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A fault contracts purpose is for developers to handle errors with Lowy [10] providing following definition of this type of contract. 
“Define which errors are raised by the service, and how the service handles and propagates errors to its clients” [10].
These contracts are applied to the methods of operation contracts. The fault contract will have an attribute which can be of any type with its associated members [13].  It will then be implemented using a try-catch block within a method whenever this fault is thrown it can then be presented back to the client with a more detail message of the particular fault error message [14].
[bookmark: _Toc536355428] Metadata Exchange
Earlier in this report, it was confirmed how companies could make software services available to others. Developers can make use of these in their applications or could make their services available for use in client applications that others create [4], and to enable this in WCF metadata exchange is used [15]. When implementing metadata exchange for a service, it could involve “publishing, retrieving, and importing” of data [10]. 
WCF has two methods of making these services available which are “HTTP-GET” or “A dedicated endpoint” [10]. The former method has the drawback of “there is no guarantee that other platforms you interact with will support it” [16]. They are effecitivly exposing a metadata exchange port to allow individuals to connect to a service. 





[bookmark: _Toc536355429]Message Exchange Patterns (MEP)
Both client and service are continually communicating with each other as different aspects of an application's functionality are used triggered by methods. There are several MEP, and their usage will depend on specific situations where they are most appropriate, which will be explored in the following section. 
[bookmark: _Toc536355430]Request Response
The default MEP when creating the associated operations of the service contracts as the client application waits for the response from the WCF service [10]. Being the default pattern syntactically there is no change and a with the example shown in figure six. 
[bookmark: _Toc536355431]One-way
Known as fire and forget, the methods are called, and the application will continue with the execution of the program without the need to receive any response [9]. Perhaps the most practical application is with methods that have the void return type. However, Thanavel informs that methods may have any return type, but the client is unable to access its value [17]. These MEP are denoted by IsOneWay syntax as seen in figure eight.
[OperationContract (IsOneWay = true)]
void Bark(string dogName);
[bookmark: _Toc536355445]Figure 8.  The implementation of one-way MEP. 
When the methods are implemented on the client side, there is no change in the syntax.
[bookmark: _Toc536355432]Duplex 
With the duplex MEP, a method is called, however, a reminder may be sent to the client once completed the method has been completed [17]. The application of this MEP may be best when there is a time delay to the computation [10]. Alternations should be made to the binding for example if using a basicHttpBinding it will have to be changed to wsDualHttpBinding.

[bookmark: _Toc536355433]Asynchronous
By default the calls made within WCF service will be synchronous; however, the alternative is to make asynchronous calls which can have many benefits. Anisimov, Dmitrevich and Vasiliev [18] (p.100)  describe the purpose of using this within WCF as follows:
“It allows the application to continue execution of other operations while the method call is carried out. Services and clients of WCF can participate in asynchronous calls that provide to WCF applications greater flexibility for maximizing throughput without damage to interactivity”.
Thus, it will deliver an increase in the speed of client application responses, in turn making it more effective on larger scale applications.
[bookmark: _Toc536355434]Peer to Peer
With a peer to peer network, those who are part of the network should be looked at as both fulfilling the roles of both client and server. Whitney [19] explains the application of peer to peer as follows:
“decoupled message-based distributed systems.  It’s a great way of sharing the available amount of bandwidth between a series of nodes effectively, and it’s a great way to produce push-based systems” [19].








[bookmark: _Toc536355435]Conclusion 
WCF has made it possible to develop application services that can then be efficiently distributed locally or online. Thus, many clients can then consume these services on all manner of platforms making WCF a suitable choice when developing SOA. Moreover, the platform gives developers a practical system to link services and clients, in the self-hosting demonstration, it was shown how endpoints and protocols could be managed using the configuration files. Although distributed systems could have issues expanded, there are mechanisms such as MEP that provide the means to create more effective programs. Perhaps the most beneficial component of WCF highlighted in this report is metadata exchange which will foremostly be used interconnect endpoints to enable cross-collaboration with others.      
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