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Abstract
It is important for developers to understand the concepts, principles and best practices for designing distributed software components to be used in enterprise services. Windows Communication Foundation was introduced to improve the development of distributed systems. Other technologies came before WCF, but lacked some important features. Interoperability and scalability are two very important concepts in distributed systems. This report looks at WCF and the technologies surrounding it, including how a developer would host a WCF service.  
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[bookmark: _Toc536471759]1. Introduction 
There are different technologies available for distributed enterprise applications. One of these technologies is WCF (Windows Communication Foundation). WCF was created by Microsoft as a platform for building distributed and interoperable applications [1]. WCF was first introduced in the .NET 3.0 framework. This framework is used for creating service oriented applications.   
A distributed system is a system that does not run on a single computer, but on multiple computers within a network that interact with each other to achieve a goal [2]. This distributed approach to applications is essential to the function of web applications.
[bookmark: _Toc536471760]2. Windows Communication Foundation
Scalability can be an issue for web applications. As more users are using the application at the same time, the performance can degrade [3]. Using a distributed application architecture improves performance and scalability of the distributed application [4].  A way WCF ensures performance does not degrade is by having different parts of the application running on different machines with their own processors and hardware to deal with the increased processing demand. WCF did not invent the idea of distributed applications though. Previous technology choices included: enterprise service; Dot Net remoting; and web service. 
WCF was created to bring different technologies together, to simplify building service-oriented applications. It combines several distributed models including Enterprise Service, .NET Remoting, XML Web Service, and more, with the goal of providing multiple communication protocols and better interoperability [5]. Previous technologies needed a different service implementation to provide services to clients operating on different protocols. WCF allows for clients communicating with different protocols to connect to the same service, but with different endpoints. This means code does not need to be drastically changed for each client.  
WCF is the easiest way to create and consume services on the Microsoft platform [6]. Using WCF allows developers to focus on the applications functionality and not worry about the protocols clients will be using to connect. DCOM, COBRA, and JAVA RMI are all technologies that came before WCF, but do not have as many features [7].
[bookmark: _GoBack]One popular technology for distributed applications is Simple Object Access Protocol (SOAP) which is a way of Web services exchanging information. It uses the XML information set for its message format. It relies on HTTP for transmitting messages. HTML has very wide support so SOAP can allow clients to invoke web services regardless of the programming language and platform of the clients [8]. This is limited though, because if a client does want HTML or any other application layer protocol, SOAP cannot satisfy that client. WCF can satisfy the client with its support for multiple protocols though which makes it a compelling choice for developers.  


[bookmark: _Toc536471761]3. Hosting WCF services
A WCF service can be hosted in different ways. One of these ways is with IIS (Internet Information Services). With IIS no custom code is require to host the service. A message arrives at the service and it then activates so the service does not need to run all of the time.
Another hosting method is with Windows service. A windows service is similar to any other application running on Windows, however Windows services run in the background and do not have a user interface. Windows services can start automatically when the system boots. On a Windows OS there will be a lot of Windows services running in the background which enable key OS features. These features include: event logging; providing security (windows firewall); and error reporting. When installing new software a new Windows service may also be installed to enable functionality. 
Windows service can be used to host a WCF service. The service can be enabled to start automatically when the computer boots into Windows, making the WCF service always available for clients. 
As well as these options there is the option of self-hosting. 
[bookmark: _Toc536471762]3.1 Example of Hosting a WCF Service
Hosting a WCF service in any managed .NET application is self-hosting. 
The following shows the process of creating a basic WCF service that is hosted in a console application:
[image: ]
Fig. 1
In Visual Studio a new project needs to be created and a WCF Service needs to be added to that project. Fig. 1 shows the window that opens in Visual Studio that lets you select what to add to the project and what name to give it. 
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Fig. 2
Fig. 2 shows the solution explorer after the WCF service has been added and a Host project has been created. Fig. 3 shows the interface that was created with some code.
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Fig. 3
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Fig. 4
Fig. 4 shows the implementation of the interface in the ‘MultiplicationService’ class. 
[image: ]
Fig. 5
The host requires a reference to the ‘System.ServiceModel’ assembly which is shown in Fig. 5.
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Fig. 6
A reference to the project with the WCF service needs to be adding which is shown in Fig. 6.
New versions of Visual Studio automatically create an App.config file. If there is not an application configuration file in project then one needs to be added. 
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Fig. 7 
Fig. 7 shows what the default App.config file looks like. The code we need for this file could be typed in manually, but Microsoft has created a WCF service configuration editor tool to simplify this process.
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Fig. 8
Right clicking on the App.config file will give the option of editing the file with the configuration tool as shown in Fig. 8.
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Fig. 9
We can run through the wizard shown in Fig. 9 to create a new service. We can select our created service to use and specific a service contract. 
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Fig. 10
There are different communication modes for the service that can be selected, shown in Fig. 10. A key advantage to using WCF is that it supports different communication modes, which earlier technologies did not. For this example TCP is being used.
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Fig. 11
There needs to be two base addresses, one for the service endpoint and one for the metadata to be available. In Fig.11 the base address for metadata exchange is ‘http://localhost:8080’. In this example the client and service are being ran on the same machine so the address is for the local machine. When creating a service that is useable over the internet between more than one computer i.e. a distributed application, a web address will need to be specified. 
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Fig. 12
A service has been created, but behaviours need to be enabled for it. Fig.12 shows adding service metadata as a behaviour of the service so metadata exchange can take place. Having metadata access the clients can generate proxy classes.
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Fig. 13
In Fig. 13 the created behaviour is shown as an associated behaviour for the created service. 
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Fig. 14 
In Fig. 14 we see the App.config file after the changes that were made in the editor. The configuration tool has entered all of this text for us. This files text is what makes the WCF service available for use by the client and function properly. 
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Fig. 15
Fig. 15 shows the code for the main program. This code will create an instance of the service that is being hosted and open it, making it available for clients to connect to. 
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Fig. 16
In this example all of the steps for creating a WCF service have been completed. Running the example opens the program shown in Fig. 16. The communication channel is open for clients to connect to it. 

The following shows an example of a client:
[image: ]
Fig. 17
Fig. 17 shows the code for a WinForms application that is referencing the WCF service. A new instance of the proxy class is used and the method from the service is invoked. Two integers are being passed from the client to the service which will then return a number to the client.  
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Fig. 18
Fig. 18 shows the client application running. Two integer values are entered to be passed to the WCF service. 
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Fig. 19
Fig. 19 shows that after clicking the button in the client application the method from the service has successfully returned the correct number. 


Advantages of self-hosting a WCF service:
· Easy to setup
· Easy to debug because a separate process that runs the WCF service does not need to be attached
· Supports all transport protocols
· The ‘Open’ and ‘Close’ methods make it easy to control when the services are running
Disadvantages of self-hosting a WCF service:
· The service host needs to be running for the clients to connect
· Making modifications to the code requires taking the service offline
· Limited features compared to other hosting methods 

[bookmark: _Toc536471763]3.2 The Application Configuration File
In Fig. 14 the application configuration file is shown. We see the specified behaviours and what service they apply to, and that metadata exchange is enabled. We also see the ABCs of the WCF endpoint, these being: address; binding; and contract. All communication with the service occurs through the endpoints of the service. Endpoints provide clients access to the functionality that is being offered by the WCF service. All distributed systems require an endpoint for the client to connect to.
Every service in WCF is associated with a unique address. The address provides the location of the service. The address has a uniform resource identifier which represents the address of the service. The address tells the client where on the network messages should be sent. The same service can have different addresses for connecting clients using different technologies [9].
Bindings specify how the service is accessible. The binding defines the channel to be used to communicate with the endpoint. The transport protocol is specified, and whatever is specified is what must be used to connect to the endpoint. The encoding of the messages to be used is specified here. Any security requirements are also specified here.   
Contracts outline what functionality the endpoint will expose to the client. In the created example the class that contains the method to multiply two integers is exposed to the client. Also specified is the type of processing or response message that the client will be receiving. 
[bookmark: _Toc536471764]3.3 Principles and Process of Metadata Exchange in WCF
Metadata is data that reveals other data [10]. Metadata is used in WCF to describe how to interact with the service endpoint. The metadata in the example created in this report is accessible over HTTP and a browser can navigate to it. By default the metadata will not be published. What shows in the browser when the metadata HTTP address is entered can be seen in Fig. 20. It tells us that the service has been created. 
[image: ]
Fig. 20
Metadata can also be sent using the metadata exchange endpoint that is sometimes called MEX endpoint. The MEX endpoint can provide metadata that describes the contracts, operations, security, transactions, reliability, and faults. 
[bookmark: _Toc536471765]4. Four major contract types 
[bookmark: _Toc536471766]4.1 Service 
This contract type describes the operations that are exposed by the service to the client. A service contract is defined in the interface of the WCF service and tells the client what the service can do. 
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Fig. 21
The code shown in Fig. 21 shows the service contract. A client can connect to multiple services and use the interfaces from all of the connected service contracts. 

[bookmark: _Toc536471767]4.2 Operation
An operation contract is part of the service contact, which is shown in Fig. 21. It contains the methods that are part of the WCF application and allows the client to use them.    

[bookmark: _Toc536471768]4.3 Data
A data contract defines the data types of information being exchanged between the client and the service. A data contract is not required for a WCF service to function; the created example of a self-hosted WCF service does not contain one. Here is another example:
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Fig. 22
Fig. 21 shows a modified version of the created WCF service with a data contract in place.

[bookmark: _Toc536471769]4.4 Fault
A fault contract will define errors raised by the service. The way errors are handled and affect the client will be in this contract. A fault contract allows errors in the service class to be displayed to the client. By default any unexpected exceptions that come up in the service will not tell the client, but with a fault contract we can set it up to throw up an exception. 
[image: ]
Fig. 23
A fault contract is shown in Fig. 23 for testing the connection to the service, error handling code can be implemented to show the client an error. 
[bookmark: _Toc536471770]5. Exchange Patterns
In WCF the client and server communicate and exchange messages using a MEP (message exchange pattern). A MEP describes how messages are sent between applications [11]. There are different exchange patterns that are supported in WCF.
[bookmark: _Toc536471771]5.1 Request-response
The default MEP in WCF is request-response, sometimes called request-reply. This MEP sends a message and then a reply is received. In the example WCF service that was created in this report, this is the MEP that was used. The message being sent is the parameters for the method to multiple numbers and the response is the result of multiplying the numbers together. The data that the user wants to send is encapsulated in code that allows the WCF service to make sense of it. 

[bookmark: _Toc536471772]5.2 One-way
In some scenarios we do not want a response back from the service. For example if we want to publish notifications to subscribers of a service. When the message that client sends reaches the service the client connection is released so that the client can continue with other work. The client will not be affected if a problem occurs with the service, since they won’t be notified of any exceptions that happen.  

[bookmark: _Toc536471773]5.3 Duplex
Duplex MEP means that messages can travel both directions at the same time. Duplex is a bi-directional communication channel. Duplex allows for any side to send unrequested data to another side [12]. 

[bookmark: _Toc536471774]5.4 Asynchronous
The asynchronous MEP means that a service can get sent an asynchronous request message that is added to a queue, then the client can wait for a response and receive a response that appears synchronous, unaware that asynchronous messages were used.  

[bookmark: _Toc536471775]5.5 Peer to peer
Peer-to-peer (P2P) computing is a distributed application architecture. P2P provides a secure and scalable MEP for developers. Tasks are split between peers that are treated equally in the application to complete the task without needing a server [13]. An example of P2P being used is in a chat application, where a group of people chat with one another using P2P without the need for servers.  

[bookmark: _Toc536471776]6. How WCF Enables and Supports Interoperability 
Interoperability is the ability of multiple systems to exchange information and to use the exchanged information [14]. With web services a common interoperability problem is how to map the inputs and outputs of the involved services [15]. WCF is designed to interoperate with Web services that follow the Web services specifications. WCF supports and implements many Web service protocols [16]. 
Without WCF if there are two different clients and a service needs to be implemented for them, but the clients use different technologies to then the developer needs to know different programming models. The first client wants a web service that uses HTTP protocol and XML message format to interact with a Java web application. The developer may create a Dot Net web service to satisfy the needs of this client. The second client is using a windows application built using .NET and needs TCP protocol to be used, with a binary message format. The developer will need to implement a Dot Net remoting service, because both client and server will need to be .NET to make them compatible. WCF solves this issue though by allowing clients with different technologies used in their applications to connect to the same service, but with different endpoints for the client to connect.  
Clients will want to use different protocols and message formats, and this can mean implemented the same service twice using different technologies. WCF allows us to implement the service only once though. A single WCF service can have different exposed endpoints in its application configuration file. The service does not need any updating to its code to satisfy the protocol and messaging needs of a new client. Just adding a new endpoint that specifies the protocols and messaging requirements is enough in WCF services.
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