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Design methodologies started to appear and evolve around the 1960’s[1], although Kneuper R voices that the first software development life cycle model appeared around 1956 by a Mr Herbert Benington [2]. Software is known or seen to that of a collection of computing programs, specifications, documents libraries and so on[3].  The software development life cycle (RLDC) is implemented to help identify and implement separate stages or phases of the software development which include different activities within each phase. The software development lifecycle assists development teams to successfully create, implement and release high quality software packages which are cost efficient, high in quality and effective in relation to the requirements of the end user. The software development lifecycle is implemented with a methodology, where the type of methodology can vary across the different organisations[4]. Depending on where you look or who you talk to there are many variations of the particular phases of the software development life cycle, including the naming of these phases, although all variations do tend to have the same base structure such as:
· Requirements gathering / planning
· analysis
· Design
· development
· Integration and testing
· Implementation
· Maintenance
[5]
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The planning stage involves the project organisation of upcoming tasks, budgets, scheduling, personnel, setting the projects goals etc. The main aims of the planning phase is to help an organisation to identify the system on which the development will be based, conduct a feasibility assessment and finally complete the overall project plan[6], the feasibility study can consist of five different types of checks including the legal, Economic, technical, schedule and the operational feasibility [7]. This phase includes the identification of what the current issues are along with what are the requirements [8] with the stakeholders, who assist in creating a concise requirements specification which includes around six sections such as the Business requirements, the functional requirements, the business design document, the business document, the user requirements and the customer requirement specification [9].  It is noted that the feasibility study can be implemented at either the planning phase or the analysis phase. This phase is usually conducted by the business analysts [10].
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As identified previously, depending on the implementation of the software development life cycle, the feasibility study will appear in the planning or analysis phases. The analysis phase can also include the tentative planning, requirements analysis and the technology selection [9].  At this stage of the software development life cycle the requirements are focusing on what the proposed system is supposed to do rather than how the proposed system will be implemented [6].  Once the process of creating the necessary documentation, this will then be provided to the stakeholders to get the documentation confirmed and approved [10].  This phase is usually conducted by the project’s manager, the senior members and also the business analyst [10].
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The design phase will provide the ability to provide a full description and the operational implementation of the proposed system [6]. Through this phase there is the high level designing and the low level designing tasks to complete [9]. The proposed system or project will be divided into a group of individual modules and further into submodules through the implementation of diagrams by implementing the unified modelling language methods. Pseudo code will also be written which will further provide the developers the required guidance to complete the actual coding of the particular sections of the software [9].  Additionally the designs will be presented to the stakeholders for review along with other aspects being reviewed such as the budgets, project constraints, team capabilities etc. including the considerations of any third party vendors, databases and son on [4]. The high level design is usually completed via the senior developers and the architects where the low level design is usually completed via the senior developers [10].
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The development phase consists of the process to convert all of the confirmed documentation to be converted into the actual proposed system. From within this phase there are two main activities completed from the development of the code, the development of any databases and the development of the infrastructure [6]. From the implementation of this phase a source control document will be created alongside the developed system [10]. This phase will also include acceptable GUI’s to be created to provide the ability for interaction to the system. Through the process of coding the developers are the first to and responsible to test all the code being developed before it can be added to any repositories that are in use, the developers will also check their peers code. This whole process is implemented until all of the design documentation requirements have been acceptable and successfully completed [4]. This phase is usually conducted by all of the developers in relation to their levels of expertise from the juniors up to the seniors [10].
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The testing phase is implemented once the proposed software is ready to be further tested. This is where a dedicated testing team will be appointed, and the software will be thoroughly tested. The processes used for testing again depends on the organisation, although testing can be completed both manually or by implementing a selection of particular testing tools and methods. This stage will be considered within the software testing life cycle [10]. Through this process, an evaluation will be completed to ensure that the proposed system meets all of the requirements and expectations which were defined in the previous phases of the software development life cycle. If any defects or errors have been identified, the developers responsible will be notified of this where a further investigation can be completed to eradicate any of the errors or defects. This process is completed until the proposed system passes all of the required testing [4].
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The implementation phase which can also be referred to as the deployment phase or can also be known as the delivery phase, is where the proposed system is not really a proposed system any longer and is the system and the final product. The system at this phase will now be implemented at the stakeholder’s infrastructure turning the system or introducing the system to a real life implementation [6].  This phase is usually conducted by the deployment or the implementation engineers [10].
[bookmark: _Toc534973764]Maintenance
Once the implementation phase has been implemented and the software has gone live and is operating within the real-life scenario, there is always the possibility of further bugs, errors to be identified. These new identified bugs and errors will then be designated as an ongoing task which will be supported or can be supported by the designated appointed system supporters of the given system [9]. Although this stage does not only have concerns with the identified bugs/errors within the system it can also take into consideration of any patching to the system that may be required within the system including many third party factors that could affect the system such as updates etc to those third party systems inadvertently making an operation defect to the system itself. Three factors of this can be considered such as the system maintenance , the systems changes and also supporting and training the system users [6].   This phase will be maintained by a given dedicated maintenance team. The maintenance team on upon a notification of any issues should they arise, provide assistance and information to a development team where depending on time restraints and severity of the identified issues a hot fix to the issue could be deployed or the enhancement of the particular identified issues could be included in the next version release to the software [4].
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Within the SDLC there are various methods that are available which can be implemented by a given organisation, the choice of which methodology is solely up to the organisation involved. It is voiced that the most popular methodology to implement is that of the Agile Scrum methodology [11]. The agile approach implements a continuous iteration and implementation of software development which includes the testing during the given life of the SDLC software project [7]. There is a number of agile methodologies available to given organisations to implement which include but not exhausted to:
· Lean software development
· Dynamic Systems Development
· Extreme Programming
· Feature Driven Development
· Scrum
· Agile Modelling
· Kanban
· Dynamics Systems Development
· Disciplined Agile Delivery
· Adaptive Software Development
Each of these methodologies will have a given variation to each other within their own definitions to each phase of the software development [12].  The Agile approach encourages and implements the continued collaboration between the stakeholders, the developers and the software testers through the life cycle of the project. The main advantages of this is that the model can, if implemented appropriately provide the required objective as designed although this can cause issues if the stakeholder has not provided enough and accurate requirements of the given proposed system [5].   
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As identified previously in relation to the agile methodology the agile scrum methodology adopts the process of the incremental and iterative process. The scrum methodology divides each section into individual sprints, where each individual sprint is dedicated or appointed to its own individual timeline of completion. These deadlines are appointed by the scrum team through the dedicated scrum team meetings. Within these meetings for example, the end user stories are evolved and converted into different development targets or modules. There are known to be three different aspects within scrum being the roles, the artefacts and the meetings. Within the Scrum methodology the product owner helps to identify the team’s workflow and identifies or represents the overall stakeholder who also acts as the communication level and prioritises the backlogs to be addressed. The scrum master coordinates with the scrum development team, the scrum development team then estimate the completion of the items or backlog items. Entities within a scrum methodology include but not exhausted to include:
· User stories
· Backlogs
· Sprint backlogs
· Sprint burn down charts
· Product burn down charts
· Defect burn down charts
· Release burn down charts
[11]


A graphical working representation of the Scrum methodology can be viewed below within figure 2: A working progress of a scrum methodology [11]
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On the 31st July 2012, the FBI national press office released a press release announcing the full deployment of a new system named Sentinel. The FBI notify via this press release that Sentinel is the new next generation of their case management and information system. The Sentinel system was implemented and deployed to all of its employees on the 1st July 2012 [13].
Before Sentinel, the FBI used a paper based system for case management which Sentinel has now evolved this to a digital record system, this systems is based on a web front end entry process enabling the researching of previous cases, gaining further case intelligence information and the review, entry and approval (when required) of cases [13]. 
The release of this software is very beneficial to the FBI although the Sentinel project came at a huge cost. It is noted that the final cost of the project arrived to more than $600 million dollars which took from start to finish more than 10 years to complete [14].  
Following on from the unfortunate circumstances of 9/11 the American congress approved for an initiative to be implemented known as the Virtual Case File initiative [14]. The appointed contractor was SAIC, although in 2004 the initiative was terminated after the creation of around 730,000 lines of code not working as required, costing up to $600 million dollars [14].
The FBI then moved forward to initialize the development of another piece of software being called Sentinel in March 2006 [15]. Sentinel was to be implemented within 4 separate phases. The initial overall cost estimation was made to $451 million dollars with a target date being 2009. The FBI appointed Lockheed Martin who proposed that the project will be implemented using a traditional software development process which was a predictive/sequential design process [15]. The first two phases of sentinel were budgeted at $306 million dollars, although in July 2010 the FBI immediately issued a stop working order on the sentinel project where the project was already $100 million dollars over the budget [15]. 
The FBI then appointed MITRE to provide an estimation of the costs to finish Sentinel, this report provided a figure of an additional $351 million dollars [14] and an additional 6 years to complete, were the FBI to continue with the same methods [15]. 
The FBI then moved the Sentinel project in house during September 2010, where they then implemented the Agile Scrum methodology implementing sprints based on 2-week windows. The project was moved into the basement of an FBI building where the initial staff size of 400 people was reduced to that of just 45 people where only 15 of these staff members were actually programmers [15]. In November 2011 the sentinel project was completed, it was delivered at a cost of only $30 million dollars resulting in in the savings greater than 90%. Although the project did overrun, the last two phases whilst implementing scrum were completed under budget and took around 12 months to complete [15].     
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