1. Overview of eXtreme Programming (XP), Test-Driven Development (TDD) and Continuous Integration (CI)

This section contains background information about the key agile practices extreme programming, pair programming, test-driven development and continuous integration.

eXtreme Programming (XP)

The information below briefly describes the agile practice XP. For more information on XP consult sources [1] and [2].
XP programming is a proven lightweight methodology for the production of software. It follows the manifesto for agile software development and the principles behind this (see [3] for details). A software development typically has four variables: cost, time, quality and scope. The XP approach realises it is impossible to control all four of these variables successfully and so at least one trade off is made to increase the chances of a successful development. For example, in a development where a customer puts an emphasis on quality, cost and time, the scope of the project would be compromised. Time and scope are the easiest variables to manipulate and so often compromises rotate around these.  
XP’s success is based on four values; communication, simplicity, feedback and courage. These values are accomplished through fifteen practices of which three are addressed here:

Pair Programming - Test-Driven Development - Continuous Integration

The other practices are Whole Team, Planning Game, Release Planning, Iteration Planning, Small Releases, Customer Tests, Simple Design, Design Improvement, Collective Code Ownership, Coding Standard, Common Vocabulary and Sustainable Pace, all of which can be referred to at Appendix A of [2].

It is believed by XP advocates that the successful adoption of XP will result in a satisfied customer who takes delivery of the correct software at the correct time. 
Pair Programming
Pair programming is where two programmers work side-by-side on the same program. Programmers are split up into two roles, the driver and the observer. The driver is in charge of implementing the code whilst the observer watches for any mistakes made and considers the direction the program should take. The two programmers switch roles periodically, developing the software as equals. Challenging problems can be solved by combining the brainstorming power of both developers. 

Many programmers enjoy pair programming and advocates of XP believe that doing this increases software quality without affecting the delivery time.
Test-Driven Development (TDD)
Test-Driven Development is a programming style. The main rule behind this is that no source code should be created unless it has an associated test. 

TDD tests and matching source code are written by the same programmer. This way the programmer knows exactly what the tests do and the source code that needs to be written. This ultimately means all source code is thoroughly tested. A test-driven development is completed task by task. Tests for a specific task are added to a suite of tests then source code is produced based on these tests. With tests in place the programmer can clearly tell whether a piece of functionality is working or not and is guided by compiler errors as to what code still needs to be created. Gradually as tests are written along with the accompanying source code the design of the program develops.
Thanks to the tests in place programmers can quickly tell if a mistake has been made through a failing test. Failing tests along with automated testing helps easily identify the problem area as the piece of code edited between the last automated build. The ability to identify and solve coding mistakes gives the programmer a new found confidence to improve the quality of their code. This code improvement process is known as refactoring, where the structure of the code is improved but the functionality remains the same. Refactoring leads to simpler designs and easy to read code. 
It is claimed that TDD not only improves the quality of code but also that it is superior to traditional testing approaches. It avoids several problems associated with traditional testing. A good example of one such problem is the production of code bugs. Often an approach is taken where tests are left to be created at the end of the development, when time is against the developer and the situation is tense. Because of this, tests are rushed and are not comprehensive enough, leading to the introduction of bugs. This could have been avoided with the TDD approach (for more problems with traditional testing see [2] pages 5 & 6). 
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Figure 1. The Test-Driven Development Process 
Continuous Integration (CI)
Continuous Integration is where members of a software development team frequently integrate their code using a controlled source code repository (e.g. Microsoft’s Source Safe)*. To automate this process a continuous integration server (e.g. CruiseControl) can be used. A continuous integration server monitors the contents of a code repository. On detection of a change to any files contained within the code repository the continuous integration server initiates a build that compiles and tests all project code. 
Continuous integration has ten key practices for its successful implementation (see Table 1). All but two of these were implemented. The two we did not consider were “Test in a Clone of the Production Environment” and “Automate Deployment”, for more details on these see [4].
	Key Practices

	Maintain a Single Source Repository

	Automate the Build (Build runs periodically or every time a check in is made in the repository)

	Make Your Build Self-Testing

	Everyone Commits Every Day (Frequent integration keeps programmers informed of changes)

	Every Commit Should Build the Mainline on an Integration Machine (Ensures mainline stays in a healthy state)

	Keep the Build Fast (Provides rapid feedback)

	Test in a Clone of the Production Environment

	Make it Easy for Anyone to Get the Latest Executable (For demos, testing and viewing changes)

	Everyone can see what’s happening (Publish build results online/email alerts)

	Automate Deployment


Table 1.CI Key Practices (for full explanations of these see [4])

The integration process is renowned for being long and unpredictable. With CI it is claimed that this is not the case. Rather than purely guessing how long the integration will take at the end of the project as traditional integration processes do, you’ve been integrating throughout. This means the schedule of the project is clearer and the likelihood of completing as predicted is better. Compared to the last minute unpredictable approach of integration, CI helps improve our ability to find and fix bugs. The reason for this is CI bugs are fixed when they are found rather than letting them pile up. The last advantage of CI is its ability to assist eXtreme Programming to satisfy the customer. As integration is done throughout, it makes frequent releases to the customer possible. This could not be done if the integration took place at the end of the development process.
Continuous integration is supposed to help predict and accomplish a development schedule, improve a team’s ability to detect and fix code bugs and assist XP to satisfy the customer.
*A source code repository is an area where all files relating to a development are stored. The purpose of such a tool is to help monitor and improve the availability of all project files.
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Figure 2. A Continuous Integration System
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2. Overview of Team Foundation Server (TFS)
This section briefly describes Team Foundation Servers purpose, components, architecture and possible server setups.
Team Foundation Server (TFS)
Visual Studio 2005 Team Foundation Server (TFS) is part of the Microsoft Visual Studio 2005 Team Suite. Its purpose is to help software companies and its development teams manage and monitor their software projects. To accomplish this TFS has four key components: work item tracking, version control, build automation and project management. From each of these data can be extracted, combined and reported. From such reports the development process can be tracked.
Team Foundation Servers main tools are Team Foundation Source Control, Team Explorer, Team Foundation Build and Team Foundation Proxy. The combination of these tools allows a software development project to be managed within one software system rather than multiple systems. It is hoped that the use of a single system will result in readily available data that will improve the tracking and managing of a software project.

Team Foundation Server Components
This section contains a brief description of the main components of TFS.

Team foundation source control:
This is the configuration management server. This provides version control, issue tracking and process management for development teams (refer to [1] for more information).
Team explorer:
This is used to view and edit team foundation components and team projects contained in team foundation source control. Team explorer is installed on a client machine or the application layer server (this will have more meaning once you read the section “Team Foundation Server Setup”). It can be installed on its own or added to Visual Studio 2005. On its own, team explorer has all the Team System features but lacks the development features that accompany Visual Studio 2005.
Team foundation build: 
Team Foundation Server offers build automation using Team Foundation Build that can both compile and test project files. Once a build is complete the results are published. Team foundation build can be installed on the application layer of the server or on a separate build server.
Team foundation proxy:
This is only necessary for distributed teams over a WAN. Its purpose is to speed up project file access for team members that are not based near the main server. This is done by caching files that have been accessed from the team foundation server. The cached files are retrieved quicker than files accessed directly from the team foundation server.
Team Foundation Server Setup
The Team Foundation Server architecture is made up of the three tiers; data, application and client. The data tier stores data collected from individual TFS components and then uses a data warehouse to combine such data for reporting purposes. The application tier is made up of web services and administrative tools. It includes source code control, work item tracking, core services and the report server. The client tier consists of Visual Studio 2005 combined with team explorer, a web browser client and an optional build service. The client tier communicates to the application tier using the Team Foundation Client API and the application tier communicates with the data tier. Figure 1 illustrates this.
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Figure 1. Team Foundation Server Three Tier Structure
Depending upon the number of users of team foundation server, the application and data layers can be installed on separate servers or on a single server (for server requirements see [2]). To connect to the Team Foundation Server you must have team explorer installed on the client machine or the application layer server. To use TFS build automation, team foundation build must be installed on either the application layer server or on a separate build machine. See Figure 2 for a typical server implementation.
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Figure 2. TFS setup where TF build, the app. tier and the data tier are all contained on separate servers (Diagram taken from [3]).
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