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[bookmark: _Toc535219088]1. Introduction

The purpose of this report is to evaluate software development techniques within Agile methodologies. The report is structured firstly with the background literature on the stages of software development introduced, highlighting the differences between traditional and Agile methodologies. Scrum is the main methodology researched with the variations and principles explored. Within the main body an evaluation and discussion are outlined about the techniques used in a selected case study. ‘Yahoo!’ is used as the case study with benefits and limitations of the techniques used at ‘Yahoo!’ evaluated and highlighted. All results and findings are summarised and concluded at the end of the report.

[bookmark: _Toc535219089]2. Background Information

This section of the report overviews the background information on the software development lifecycle, techniques and methodologies utilised using an Agile approach. 

[bookmark: _Toc535219090]2.1. Software Development Life-Cycle
The software development life cycle (SDLC) is essentially the process of developing software, with its purpose to define the activities/phases involved within this process [1]. It overviews the activities from initialisation of a project to deployment. The general phases undertaken in software development are regarded as the following:
· Phase 1: Requirements Analysis
· Phase 2: Design
· Phase 3: Implementation
· Phase 4: Testing
· Phase 5: Maintenance

[bookmark: _Toc535219091]2.1.1. Requirements Analysis
Requirements gathering in traditional software development methodologies is the first stage undertaken. It is the process of gathering requirements and features of a system. This stage in software development is regarded by many as the most vital to designing a successful system. Chemuturi believes it is one of the major causes of project failure, due to factors such as incorrect personnel to analysis requirements and making requirement assumptions [2]. 
Requirements are collected in many different ways. Methods used include interviews, accident reports, feature lists etc. Once requirements have been collected categorization is performed, with requirements being assigned to teams and members, delegating responsibility within an organisation.  
An important factor which is also performed on collected requirements is prioritization. Prioritization is important as it provides an organisation with trade-offs and benefits of each requirement with a decision made on how suitable the requirement is [3].

[bookmark: _Toc535219092]2.1.2. Design
The design stage of the SDLC is where a blueprint for the software is created taking into account the requirements collected. Software is designed in many ways from structured diagrams such as Unified Modelling Language (UML) to scribbles such as annotated pseudo code and flow charts. There are three types of design being architectural, high level and detailed design.
Architectural design is abstract and is considered as low-level design. It is usually concerned with the layers in a system and does not include functionality or interactivity between system modules [4] [5]. High level design concentrates on the different modules which build up a system as a whole [6]. Detailed design looks at the context of interfaces and technology considerations and implications.

[bookmark: _Toc535219093]2.1.3. Implementation
The implementation stage is where software is built based on the design proposed. The implementation process which is followed is based upon both methodology and the plan, with prioritized features being implemented firstly. 

[bookmark: _Toc535219094]2.1.4. Testing
The testing stage is where various tests are applied to the developed software. Testing is performed to ensure the software is working to standard and there are no bugs or errors [7] [8]. There are many different types of testing which can be applied which include unit testing, collaboration testing, acceptance testing, module testing and graphical user interface (GUI) testing.

[bookmark: _Toc535219095]2.1.5. Maintenance
The maintenance stage of the SDLC is where the deployed software is maintained. Maintenance is performed to ensure no bugs or any unforeseen or untested parts of the software occur in fatal errors.

[bookmark: _Toc535219096]2.2. Traditional Methodologies Overview
There are many methodologies which apply the SDLC in various ways. Traditional methodologies such as the waterfall method rely on an incremental process where distinct phases are performed in a step by step manner [9]. Shown below is a diagram depicting these stages (figure 1).
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[bookmark: _Toc535219143]Figure 1: Waterfall Methodology [9]

Traditional software development methodologies have grown out from many projects as more adaptive methodologies are suited to modern software development. The problems which air from traditional methodologies is that although there is a structured approach, there is a lack of flexibility which arises as a result of this [10].
Fitsilis believes that traditional methodologies are difficult to manage and are too rigid, which proves difficult in reliably delivering a final product [11]. This due to a lack of adaptability in the design and implementation phases. Agile methodologies are now preferred in many projects over traditional methods for these reasons.

[bookmark: _Toc535219097]2.3. Agile Methodologies
Agile software development is a software development methodology which utilises both an incremental and iterative process. Unlike traditional methodologies, Agile methodologies are not as structured and provide flexibility and adaptability to development [12]. Although the process differs from traditional software development methods, it generally shares the underlying major phases to development. Below is a diagram depicting an Agile process (figure 2).
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[bookmark: _Toc535219144]Figure 2: Agile Software Development Process [13]


[bookmark: _Toc535219098]2.2.1. Agile Principles
As stated by the Agile manifesto there are twelve main principles to Agile software development [14]. These are summarised into four main values. The first value is individuals and interactions over development tools and processes, which relates to valuing communication and collaboration over any tools. This allows developer and team members to adapt to customer changes [15] [16]. 
The second value is to produce working software over formal documentation. This allows the customer to be provided with working software quickly and throughout the development process. 
The third value is customer collaboration over any contract negotiation. This allows customers to almost be part of the development process. Rather than formally negotiating requirements in one instance as in traditional methodologies it allows customer and developer to collaborate throughout development. 
The final value is responding to change rather than following a structured plan. This allows development to be adaptive to changes in requirements and needs with the customer in mind [15] [17]. 

[bookmark: _Toc535219099]2.2.2. Phases
Although the underlying phases of software development do not change in an Agile methodology, the way and time in which they are completed do differ from traditional methodologies. 

2.2.2.1. Requirements Analysis
Requirements in an Agile methodology are gathered through user stories. User stories are a way of capturing a description of a software feature by a user [18]. Collecting user stories requires communication and collaboration with the customer, which is one of the main values of Agile. Unlike traditional methodologies, requirement gathering in Agile has little documentation with user stories usually described in a few sentences. User stories are commonly formatted as the following:
   [19]
User stories are collected in a product backlog which is a collection of these stories turned into software features. These are then mapped using user story mapping which provides a view on what tasks/stories are required to achieve a high-level feature. It is also a way of prioritising features for the system and can identify the Minimum Viable Product (MVP) [19]. A user story approach requires less documentation. This allows development of software to be started earlier than in a traditional methodology. 
2.2.2.2. Design, Implementation and Testing
The design stage within an Agile methodology is continuous. Software is designed around the development planning and is dependent on what features and user stories are set to be developed [5]. Usually early stages of design are done in scribbles with basic flow charts and annotated pseudo code. Formal design is still performed such as Unified Modelling Language (UML), however this is limited as working software is prioritised over documentation. This lack of design documentation can be a downfall, as developers have no set blueprint with the design getting constantly refactored and changed. This is a reason for collaboration being vital through both design and development stages to adapt to these changes [18].
The development stage is continuous with development continuing through iterations. Software development and testing is continuous with features being developed throughout the process. Usually methodologies have a period sometimes known as a sprint where development takes place. Tasks are split into teams which means that collaboration and teamwork between team members and teams is vital for success. 
The testing stage is performed and is also continuous along with the development. It can take place after development is complete, however many methodologies implement Test First Development (TFD) or Test-Driven Development (TDD) [20]. This is where tests are performed in-line with development and where code is designed to pass a written test. Refactoring of both code and test is performed in this type of methodology.

2.2.2.3. Release
Developed software is released after each iteration. Iterations are continuous until the customer agrees completion and until all user stories and features are completed. With these continuous releases it means customers get working software at an early stage, with extended features constantly being added. However, this can also be considered a limitation as with ever changing requirements it can be difficult to provide a time scale of the fully finished product.

[bookmark: _Toc535219100]2.2.1. Scrum
Scrum is an Agile software development methodology using its own framework, which people can utilise to address adaptive complex projects whilst allowing regular release intervals [21] [22]. Scrum is designed for smaller teams which usually consist of three to nine members. Activities are shared within these teams with tasks allocated to each member effectively sharing the workload of the overall task. Scrum utilises iterative work schedules where tasks are completed within allocated time boxes. This allocation is also known as a sprint. Sprints in Scrum usually last two weeks where allocated tasks in that sprint are set to be completed within the time period [18]. 
Tasks which are brought into a sprint are based around user stories. User stories are usually given story points which relates to the time frame and complexity of the task. Scoring of points is discussed between members of a team. Using this scoring allows teams to check how many points they have taken on and eventually complete. This completion of tasks is usually graphed in a burn down chart.

2.2.1.1. Roles and Structure
There are three main roles within a Scrum team, these are a product owner, Scrum master and development team. The product owner is responsible for managing the product backlog which holds the requirements gathered for the system. The Scrum master’s role is considered to be the servant of the development team. They remove any blockages and constraints which may be hindering the development teams progress. The development team are a team of engineers, business analysts and testers who develop the software.

2.2.1.2. Variations of Scrum
There are three main commonly used variations of Scrum which are large-scale Scrum (LeSS), Scaled-Agile framework (SAFe) and Scrumban. They all have their preferences and are chosen dependant on project scale and other factors.
LeSS is a scaled framework for larger teams and larger projects. LeSS has two main scaling forms with LeSS being up to eight teams and LeSS-huge being used for thousands of people on one project [23]. All standard principles from Scrum are applied with short iterations and constant release. SAFe is again an Agile scaling framework which is used like LeSS to scale Scrum to large enterprises. Safe takes a more structured approach to scaling and deals with multi geographic teams [24].
Scrumban is another variation of Scrum framework where it is combined with Kanban. Scrumban uses the traditional framework of Scrum, however it uses a Kanban board for production support [25]. Kanban is a scheduling system which uses a form of post it boards to track and present phases of certain activities and tasks within an organisation.


[bookmark: _Toc535219101]3. Case Study

This section of the report discusses a selected case study in which an Agile methodology has successfully been adopted. 

[bookmark: _Toc535219102]3.1. Yahoo!
‘Yahoo!’ is an internet service website providing various web-based services. ‘Yahoo!’ is a large-scale business with reported revenue of $1.33 billion (2017) [26]. With internet services being a highly competitive and fast paced market ‘Yahoo!’ required a form of software development which was adaptive and fast paced [27]. Since around 2005 ‘Yahoo!’ has adopted a Scrum methodology which is used in over 150 teams within the organisation [27] [28]. This change was due to the organisations previous waterfall methodology Product Development Process (PDP) being slow and too structured for the environment. 
‘Yahoo!’ since 2005 transferred and adopted a Scrum methodology with various software projects throughout the organisation utilising this. By the end of 2007 larger scaled projects adopted the methodology. By adopting a traditional Scrum process meant that projects were structured using the three main roles within the teams. These included product owners, Scrum master and the development team. The teams were split into members of around six to ten. 
Requirements are gathered through user stories at ‘Yahoo!’ with requirements being collected through feedback questionnaires and interviews. These requirements feed into a product backlog which is prepared by the product owner. 
‘Yahoo!’ designs software based around customer feedback which are in turn processed as user stories. There are three types of design teams at ‘Yahoo!’ which are user experience designers, interaction designers and visual designers. The design process follows a usual Agile process with brief upfront design and a constant refactor with changing requirements [27]. 
The implementation stage is phased using traditional sprints. At the start of each day during a sprint, team members, Scrum masters and occasionally a product owner take part in a daily stand up. This is where progress is reviewed and where the Scrum master provides updates on any blockages or constraints to certain activities within a sprint [29]. A sprint retrospective is also performed which allows for reflective discussions on future sprints and team work improvements.
‘Yahoo!’ uses continuous integration to automate the build and test process. This automated integration provides developers and testers to write tests in an automated format. Testing is done through cucumber and watir-webdriver to perform tests. At ‘Yahoo!’ there are various testing levels used with unit tests, functional tests, smoke tests and integration testing all being used [30]. In terms of overall testing methodology there are not many sources released about ‘Yahoo!’. It is however recommended/assumed that ‘Yahoo!’ adopts a TDD methodology where design and tests are refactored continuously based on user requirements.

[bookmark: _Toc535219103]4. Discussion

The case study shows that ‘Yahoo!’ have successfully followed an Agile approach to development. By using a traditional Scrum methodology, it utilises key Agile values from the manifesto. ‘Yahoo!’ collect user stories which implies that there is customer collaboration and interaction. Although this may not be performed as one to one interviews, as Yahoo are a large organisation. Feedback is however likely to be performed as questionnaires and other collection methods. 
Although there is little source on the design principles used at Yahoo there is evidence that design teams are collaborative and refactor the design through the process. There is also evidence that there is close communication with the development team. 
Development is based around sprints where daily stand ups are performed and sprint retrospectives are performed. This evidences communication between team members and shows that Yahoo have constant release iterations. 
There is little evidence within Yahoo of the overall development methodology. However, there is evidence that developers are now working in close relation to testers and are writing unit test for software [30]. This would imply that there is either a TFD or TDD methodology applied. 

[bookmark: _Toc535219104]4.1. Benefits
There is evidence of benefits to ‘Yahoo!’ since implementing an Agile methodology. ‘Yahoo!’ since adopting are now developing for customers which is something they were unable to do adopting a traditional methodology. There was found to be a greater collaboration between team members which is to do with the Agile methodology principles. ‘Yahoo!’ also used teamwork training sessions to help make adoption a success [27] [31]. A study performed by ‘Yahoo!’ during a 30-day trail showed that team members had increased productivity by adopting Scrum (figure 3). Another study on team collaboration showed that 89% of members found an improvement in collaboration between teams and members (figure 4).
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[bookmark: _Toc535219145]Figure 3: How much the teams got done with Scrum [27]
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[bookmark: _Toc535219146]Figure 4: Team Collaboration Improvements [27]

Although all the discussed are reputable benefits the major benefit for a large organisation like ‘Yahoo!’ is the ability to be adaptive. By adopting Scrum ‘Yahoo!’ can keep up with a fast-paced, changing market allowing them to compete with competitors, and survive in a growing market [32]. Using the previously adopted traditional methodology did not allow the organisation to be flexible or adapt to constant emerging changings, as traditional methods are too rigid and structured [18].

[bookmark: _Toc535219105]4.2. Limitations
Although there are many benefits of adopting an Agile approach ‘Yahoo!’ found there are still underlying disadvantages. At the beginning of adoption ‘Yahoo!’ found Scrum costly to implement as training costs and hiring managers are all highly expensive [27]. Agile methodologies also need to have a higher quantity of quality managers, as Scrum splits projects up into small teams with each having a Scrum master. This makes recruitment costs high. 
The design stage became difficult for ‘Yahoo!’, as they found that the designers are more familiar to traditional methods, where designs are provided at the beginning of a project rather than refining it at each stage [27] [33]. Designers had to adapt to this change in approach which was deemed difficult at the beginning of implementation [27] [34]. This is a concern to all team members when using an Agile approach, as teams need to be adaptive to rapidly changing requirements which can be a problem. Another issue is that although there is a brief design stage there is no set blueprint for developers to follow due to the changing requirements. 
An issue which arises in large enterprises is the fitting Agile into structured management hierarchies. ‘Yahoo!’ use a project management officer who is responsible for standardising a project from start to finish. This is found to conflict with an Agile team’s principles as teams are to be self-organising and adaptive [35]. This becomes difficult when teams are reliant on other people to oversee progress.

[bookmark: _Toc535219106]5. Conclusion

It was found that there are many Agile methodologies which are adopted by different organisations. Scrum is one of the most popular Agile methodologies. Scrum is used by ‘Yahoo!’ who have adopted it since 2005 and are carrying on adopting this. A report by Benefield highlights the difficulties and benefits of implementing Scrum at ‘Yahoo!’. ‘Yahoo!’ successfully implemented traditional Scrum within a small number of teams. Development cycles are performed in sprints, where development takes place and daily stand ups and sprint retrospectives are performed. 
There were many benefits highlighted by ‘Yahoo!’, with team productivity and collaboration being highlighted. Although software delivery is continuous there were found to be disadvantages. The main disadvantages were within the design stages, where design teams struggled to cope with refactoring the design to satisfy continuously changing requirements. 
Although there are no sources found on the overall development methodology used it is recommended/assumed that a TDD principle is adopted. By adopting this methodology, it would allow developers to identify any problems quickly, as the code is written to satisfy the test criteria. Overall it was found that Agile can be successful even when applied to larger organizations such as ‘Yahoo!’. This is however only possible if the organisation and teams are, patient in adoption and invest in correct recruitment and training. Thus, allowing for the best possible chance of success.  
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