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The software development lifecycle model (SDLC) is ‘a phased approach to analysis  and design that holds that systems are best developed through the use of a specific cycle of analyst and user activities’ [1, Ch. 1]. These follow the ISO/IEC 12207 standards, the latest revision released in 2017 [2].
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The traditional approaches to software development are sequential (plan-driven), and include the waterfall and the spiral models. These models are still used today within long term projects, certain types of systems, such as financial, and critical and real-time applications development, such as military, aeronautical and power plant systems, due to the risks involved when the system goes wrong, as changes cannot be made after, or can be extremely costly to do so.
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The waterfall model was developed by Winston W. Royce in 1970 [3], [4], and is credited as one of the original methodologies that replaced the ‘code and fix’ approach [5]. It uses a linear and sequential approach to software development, where each phase flows into the next, rather like a waterfall. Each phase must be completed before the next starts, and you cannot return to the previous phase [3], [6], [7, Ch. 2].
The phases are:
1. Requirements analysis and definition – This phase establishes the system’s services, constraints, and goals by consulting with system users. These are defined in detail to produce the system specification document. 
2. System and software design – This phase utilises the system requirements (hardware and software) found in the specification document to design the system and software, establishing the system architecture. The software design includes identifying and describing the fundamental software system abstractions and their relationships, usually in diagram or text-based format, such as UML.
3. Implementation and unit testing – This phase uses the system and software design to implement the system/ software as a set of programs or program units. Unit testing is conducted to verify that each unit meets its specification.
4. Integration and system testing – This phase includes integrating individual program units or programs to be tested as a complete system to ensure that all the requirements are achieved. After testing, the system is delivered to the customer. 
5. Operation and maintenance – Usually, this is the longest phase and involves installation and use of the system. Maintenance is performed during its use to correct any remaining bugs and system errors, to improve system units, and enhance the system services as new requirements are discovered [7, Ch. 2.1.1].
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The spiral model was developed by Barry Boehm in 1988 to integrate risk management with incremental development, thus combining change avoidance and change tolerance. This model improves upon the waterfall method by allowing for limited backtracking between sectors, with each phase being represented by a spiral. Each of the loops are split into the following sectors [8], [9]: 
1. Objective setting – This sector involves identifying the product and setting the objectives and constraints for that phase of the project. A detailed management plan is created, which highlights the project risks and alternative strategies.
2. Risk assessment and reduction – This sector involves conducting detailed analysis for each of the project risks, and planning strategies to reduce the risk. This could involve a small prototype.
3. Development and validation – This sector includes the selection of an appropriate development model for the loop, and the design and implementation of the objectives. This is based upon research and consideration upon the risks and objectives identified.
4. Planning – This phase involves reviewing the project to decide if a further loop of the spiral is required, and if so, a plan is created for the next project phase.
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Agile software development methodologies differ from traditional methodologies due to its iterative and incremental approach to the delivery of software. This is where the design, implementation and testing are completed in sections, with a new iteration adding or developing additional features. This supports and embraces change management techniques, with the aim to deliver software to clients quicker and with less errors [10]–[12]. The Agile Alliance define agile software development as ‘a set of methods and practices based on the values and principles expressed in the Agile Manifesto’ [13]. The agile methodology process is as follows:
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The agile manifesto was released in 2001 after seventeen developers that included representatives from Extreme Programming, SCRUM, DSDM, Adaptive Software Development, Crystal, Feature-Driven Development, and Pragmatic Programming to find an alternative to the existing documentation-driven and heavyweight software development processes [15]. They developed the Agile Alliance, and released the manifesto that encompasses the following values [16]:
· ‘Individuals and interactions over processes and tools
· Working software over comprehensive documentation
· Customer collaboration over contract negotiation
· Responding to change over following a plan’
In addition to the values, the following set of twelve principles were released [17]:
1. ‘Our highest priority is to satisfy the customer through early and continuous delivery of valuable software.
2. Welcome changing requirements, even late in development. Agile processes harness change for the customer's competitive advantage.
3. Deliver working software frequently, from a couple of weeks to a couple of months, with a preference to the shorter timescale.
4. Business people and developers must work together daily throughout the project.
5. Build projects around motivated individuals. Give them the environment and support they need and trust them to get the job done.
6. The most efficient and effective method of conveying information to and within a development team is face-to-face conversation.
7. Working software is the primary measure of progress.
8. Agile processes promote sustainable development. The sponsors, developers, and users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
10. Simplicity, the art of maximizing the amount of work not done, is essential.
11. The best architectures, requirements, and designs emerge from self-organizing teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its behaviour accordingly’.
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Feature-Driven Development (FDD) is an incremental agile development methodology that was developed by Jeff De Luca and Peter Coad in 1997. It follows a similar approach to other agile methodologies, but the requirements are developed into features to develop feature sets, which are lists of related features. These are usually developed using two week iterations, where classes are assigned to individuals to be developed, using collaboration between different members when required [18], [19]. This is beneficial to development due to focusing on connected features and having sufficient time in which to design, develop and test classes.
FDD proposes a weekly 30 minute meeting in which progress and the status of the development is reported [20]. This level of requirements tracking is beneficial to all developers as progress is known by all team members to promote motivation and for improved communication to management regarding the progress. FDD also promotes regular builds and inspections, such as internal, self and external assessments and clarification of features, design inspections and code reviews, configuration management and the reporting of results [18], [19], [21]. These benefit development due to a reduction in mistakes made during development, and making the results more available, thus allowing other team members to benefit from the mistakes made, and to correct them if it is possible.
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FDD is centred on five stages, with the first three containing initial project-wide activities, that is often called iteration 0 in other agile methodologies [22], and approximately 75% of the time at stages four and five. Documentation is created and updated during the system development. These stages are as follows:
1. Develop an overall model includes the following tasks:
· Form the modelling team using permanent domain and development areas, such as the domain experts and the chief programmers.
· Domain walkthrough involves understanding the entire system, including external systems.
· Study reference or requirements documentation.
· Developing and refining the high-level object and domain models.
· Writing model notes, such as the scope, context and the domain fundamentals to the system.
2. Build a features list includes the following tasks:
· Forming the feature list team comprising of the chief programmers.
· Building the feature lists using functional decomposition to identify the system features and grouping them into related sets.
3. Plan by feature includes the following tasks:
· Forming the planning team containing the development manager and cheap programmers.
· Determining the development sequence for the order of features to be implemented, based upon feature dependencies.
· Assigning business activities (feature sets) to chief programmers who then distribute classes to the developers.
4. Design by feature includes the following tasks:
· Forming the feature team and distributing work packages (classes or features) to members by the chief programmer to create the feature set owners. 
· Studying the documentation produced and a domain walkthrough by the domain expert to team members.
· Develop the sequence diagrams and the chief programmer refines the object model.
· Write the classes and method prologues for the chief programmer to update the API documentation.
5. Build by feature includes the following tasks:
· Implementation of the classes and methods by their owners.
· Unit testing of any implemented classes and methods.
· Code inspection within the team and headed by the chief programmer.
· Promoting them to the build for integration and testing [19, Ch. 7], [21]. 
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The feature team has six primary roles [18], [19], [23]: 
1. Project Manager – Administrative head of the project and is responsible for reporting progress, managing budgets, and managing equipment, space, and resources. Can also act as a facilitator and improves working conditions.
2. Chief Architect – Responsible for the overall system design, running design and review sessions, and dealing with technical obstacles that arise.
3. Development Manager – Responsible for the daily development activities and dealing with issues, such as resource conflict between teams, when they cannot manage it. They are also responsible for identifying risks and planning.
4. Chief Programmer – Experienced developers that participate in the projects high-level requirements analysis and design. They are responsible for a team and the low-level analysis, design and development of their features.
5. Class Owner – Formation of feature teams and are members of the team that designs, implements, tests, and documents the features developed. They can also be used to support other team members or existing features.
6. Domain Expert – These are the knowledge base for the developers and understands the system behaviour, especially participating with the design phase to deliver the correct system. These are usually external and can include users, sponsors, and business analysts.
Members may have more than one main role, depending on their expertise, and could include supporting roles, including Domain Manager, Release Manager, Language Guru, Build Engineer, Toolsmith, System Administrator, Tester, Deployer and Technical Writer, should these be required. These might be external, or consultants to the project, such as if a new programming language, tool or technique is required [18], [19]. Having set roles, class and set ownership and responsibilities are beneficial to team motivation and speed of execution. If issues are identified, the owner can be called to fix them, as they will be more aware of the class than those that did not participate with its development [22].
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An example of FDD in use is Mousebreaker [24], a casual gaming site that was released in 2001 [25] and is the largest UK-based casual games site with approximately 4.5m users a month [26]. It uses a mixture of Kanban (a popular framework used to improve reliability and changes in requirements, and reduce costs [27, Sec. 1]) and FDD to develop a new site with its code base within 28 days. This would have taken approximately six months [28] for the full-time team of two, with support from an unknown number of freelancers and independent developers. It is a medium sized ongoing project due to its nature, with a game portal and monthly updates to the site with over 50-60 million pages a month of traffic [25].
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FDD has many advantages to its use, including the following:
· FDD can be used as an alternative to the Waterfall approach, as it is suited for more critical projects. This is aided by the emphasis on quality, and the extensive testing mechanisms in place at each stage, aided by the use of tools and techniques, such as Kanban [19].
· FDD is suited for large projects and can be implemented with up to 500 developers, since it was built upon pre-set standards for software development. This assumes that excellent communication techniques are in place, such as regular meetings within and between teams [19].
· FDD supports more novice developers, as it allows for movement between teams and projects. This aids learning as the team can give the support/assistance required to improve, without fearing mistakes made within development, as these are quickly picked up during code reviews [19].
· FDD is liked by all, due to its ability to provide accurate and meaningful progress and status updates. Managers and clients are aware of the progress made, the clients can start using the software at an earlier stage of development, and developers can understand the next steps required to progress [19].
However, FDD has many disadvantages:
· FDD follows the Just Enough Design Initially (JEDI) approach, where the ‘iteration 0’ activities may never be stopped. This is especially the case for larger projects, or for inexperienced or undisciplined project and development managers and chief architects [22].
· It is highly dependent on the competence of lead developers, due to the need for the complete structure and constant monitoring [29].
· The lack of documentation can cause problems for developers, especially if they are new, or are unsure of what the feature is for/ meant to achieve [30].
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[bookmark: _GoBack]Traditional software development methodologies include the waterfall and spiral, and are still in use today for certain sectors, such as aeronautics and power production, where there is risk of harm, damage or death if something goes wrong with the system. The agile approach and manifesto came as a result of attempting to address the issues with the traditional approaches. Feature driven development is an example of an agile approach to software development, with a five-stage iterative process in which to develop software, with six main team roles. An example of this in practice is the Mousebreaker game site, which uses stages three to five to enhance site experience.
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