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This report seeks to investigate ‘software development’. Specifically, it will be looking at how the process of planning and creating a finished software product is achieved. The report will reach our objectives by first obtaining an understanding of what the software development life cycle entails. 

Furthermore, this report will discuss what Agile is and how its concepts affect software development, before continuing to investigate the traditional software development methodology called the ‘Waterfall model’, which will be compared to its Agile counterpart: the ‘Scrum model’. 

Afterwards, the report will move from the theoretical side of the project to a practical example of an Agile approach to software development; in other words, it will demonstrate understanding of the methodology, by commenting on and relating our stated theory to a company that practises an Agile approach.
 
By definition, Agile software development is an “umbrella term for a set of methods and practices based on the values and principles expressed in the agile Manifesto.” [10]. Meanwhile, Scrum is an agile methodology which is a “framework for managing a process” [11], which relies on a “self-organizing, cross-functional team” [11].

[bookmark: _Toc534305825]Main Body

[bookmark: _Toc534305826]Software Development Life cycle (SLDC)

SLDC has open and continuous communication between the customer and the developers for requirements, adaptation, delivery and adjustment of a product. In other words, it allows a customer and delivery team options to decide on the best suitable product for the purpose, view the product as it is being built and can make necessary adjustments before, during and after deployment. In summary, a SDLC process will “focus on adding flexibility and supporting change in the development process” [4].
[image: ]
[bookmark: _Toc534305835]Figure 1: Software Development life cycle [1].
Using the above figure and from reading [1], the report understands SLDC can categorised by the following six stages shown above.

The planning and analysis stages

After examining the theory from [1], [6] and [12], the report states that the planning stage is a necessary part of the life cycle. Without it, there could be a large amount of issues later in the design stages. In addition, the finished product may not fit what the user desires. The report references a quote to support this statement as follows, “the purpose of this phase is to perform a preliminary investigation to evaluate an IT- relate business opportunity or problem” [12]. Initially, there is ‘requirement gathering’ and ‘requirements analysis’. In short, the process collects the client, development team and stakeholders to discuss what the product will be used for. The team asks what the user would want their product to perform. Once completed, the requirements are prioritized, delegated and value is assigned to the overall project. 
Later, the development team can assess where problems exist in the current product, what issues can arise from the new product and how they can prepare preventative measures to future issues. This is then approved by managers before the project proceeds. The report knows this from the quote, “a key part of the preliminary investigation is a feasibility study” [12].

Design stage
 The design stage can be split into three levels:
1. Architectural Design.
2. High-level Design
3. Detailed design

From reading [6] and [12], it is clear that the Architectural design shows an overview with limited detail. Meanwhile, high-level sub-divides the entire design into smaller parts, allowing the distribution of user stories to become more easily allocated in the development teams. Finally, detailed design looks at the post-deployment stages and how the software will operate in ‘real-world settings’.
The report arrives at this conclusion from the quote “the system design phase is to create a physical model that will satisfy all documents requirements for the system” [12].
Each stage will tell the customer where their product can develop errors. Architectural can display upcoming errors as a result of poorly detailed user requirements from the planning and analysis stages. Detailed design will help identify errors for users who use the product after the deployment i.e. does it have glitches which prevent users from using the software? High-level design prevents integration problems from arising by highlighting how the sub-divided systems will essentially ‘communicate’. In other words, how will one aspect work with another area of the design.

By researching and reading the materials [1], [2] and [5], this report can see that the design stage involves multiple infrastructure constructions which are then assessed and reviewed with the customer and stakeholders. Stakeholders will decide if the design fits their product needs. This is supported by the quote, which states that the stakeholders review the “risk assessment, robustness, design modularity, time and cost” [5] and select the best design.

Implementation stage

By researching the elements from [1] and [5], the report may deduce that the implementation stage is where the development of the product moves from theory to practice. In other words, “actual development of the product starts according to the designed architecture” [5].

The development of a software can utilise many tools and packages e.g. Java. However; the approach and tools are decided by the development team, as the customer is unlikely to know which tool such as compilers, interpreters and debuggers would result in the optimal outcome. Hence, any input from the stakeholders at this point would mainly involve changes to the requirements. To re-emphasis this, the client would not be heavily involved at this stage. The choice of which tools will be used are normally decided in the earlier stages as this prevents delays in the implementation.

Testing and Integration stage

When code is written, there is a risk of ‘bugs’. The report knows that a ‘problem’ in the final product can be assigned to many different issues. For example, the code could have an error that causes complete software failure or poor performance. In addition to this, other issues can occur with the final product. An example of this could be a finished product which does not meet the user requirements. The testing stage is also a period of the life cycle where developers can assess if there are aspects that need to be added; in other words, requirements which were not in the original specifications set up. In short, the testing stage revolves around three areas validation, verification and error checking. We understand this by reading [1], [15] and [16].
Additionally, the report can confirm its understanding with the quote which says that the “major role of software testing involves that there should be no discrepancy in the software development process” [15].

We will discuss two testing processes. From [16] we understand that ‘test-first development’ is the process of creating tests on previously defined features. These tests will initially fail. The product can then be updated until the end product passes the set tests. The advantage is the overall time saved. Contrarily, there is a risk of feature creep (excessive expansion of features).
The second is ‘test driven development”. This is where “features may be adapted in a feedback loop” [16]. The advantage is the incremental and iterative software developments. Meanwhile, a drawback, is that the process requires continuous refactoring of the design and implementation.

In this stage, the developers play a large role in testing, while the customers are more active in the deployment stage. Therefore, it can summarise the testing and integration stage with the following quote, which states testing is where “the product is checked to ensure that defects are reported, tracked, fixed, and tested again until the product meets quality standards” [1]. 

Maintenance

Once finished, the product is deployed to the client, who uses the software and gives feedback on results. Also, by subjecting the software to a wider scale, it ensures any undetected flaws and unassigned (but necessary) user requirements can be identified and fixed. Similarly, if there are elements of missing requirements, the development team can evaluate the system for potential re -releases. 

To summarise, the report highlights the following quote which says the “ultimate goal of the maintenance phase is to ensure that the product remains relevant and high quality” [1].

[bookmark: _Toc534305827]AGILE and Traditional methods

From reading [3] and [13] this report recognizes, that Agile methods are software development processes which matches the product to the client’s needs. The quote “bring development into alignment with business needs”[13] supports the reports statement. In addition to this statement, the approach is also designed to improve client-developer relationships and communication. The report understands this from the four values and twelve principles of agile.
[image: ]
[bookmark: _Toc534305836]Figure 2: The twelve agile principles [14].
The main difference between agile and traditional developments is that traditional methods build and release a software without changes being made. Any improvements would then need a new process. Agile however, “continuously learn and improve to build a service that meets user needs” [17]. This is an advantage as agile methods “allow you to quickly make any changes while you’re building” [17].

Agile method - Scrum

 (
Product Backlog
)[image: ]
[bookmark: _Toc534305837]Figure 3: The scrum process obtained from [9].
An example of an Agile method is ‘Scrum’. From reading [9] and the figure shown above, the report understand that scrum uses the requirements from the analysis stage from SLDC. The requirements taken from the product (client) are then divided into tasks and placed in the product backlog as packages. The individual teams will then choose a set of tasks (sprint backlog) to complete in a sprint. It understands that a sprint is a “cyclical circles of work called sprints” [9] which typically lasts for up to four weeks. Providing no tasks are carried forward to the next sprint (backlog items), the sprint backlogs are completed and the product is shipped. A key advantage between scrum and other methodologies, is the scrum meetings. These are where “the team meets for short meetings (…) addressing three topics”. The topics covered usually consist of progress from the previous day, current targets for the working day and blockers which are essentially obstacles preventing task completion. The advantage of such a process is the communication between the team and the Scrum master who is the assigned overseer of the sprint. By having regular meetings, the entire team have an up-to-date understanding of how the product development is progressing.

Traditional method – Waterfall model 
[image: waterfall model]
[bookmark: _Toc534305838]Figure 4:  Waterfall method which can be found from [8].
.
The waterfall model is a traditional software development method. This development method follows a step-by-step process. This can be reiterated by the following quote, which states “waterfall model emphasizes that a logical progression of steps be taken throughout the software development life cycle (SDLC)” [8]. The method does not follow the exact same approach as agile. Instead, this method completes the product in segments without large quantities of client involvement, relying mainly on a product-in product out strategy, i.e. Method is inflexible to changes.

Advantages and disadvantages 
 
From reading [7] and [9], the report will clarify the drawbacks and benefits of using Agile and traditional methods using a pro/con table (see below):

	Software development methods
	Pro
	Con

	Waterfall
	Suitable for large scale design.
	Difficult and expensive to make changes, once the project has started. (Incremental process)

	
	Can provide a clearer prediction of what the end product will be.
	Potential for scope creep.

	Scrum
	Team members are accountable and communication in scrum meetings allows team to keep track of their progress.
	Needs experienced team members to prevent scope creep.

	
	Makes changes cheaper and easier (Incremental and iterative process).
	Poor planning in the initial user requirements and design can cause inaccuracies.

	
	The sprint backlog is owned by the team, which usual consists of five to eleven members.
	Inexperienced scrum masters can cause obstacles and slow development teams.


[bookmark: _Toc534305839]Figure 5:Software development methodology pro/con table.
[bookmark: _Toc534305828]Real world example

As mentioned in the introduction, the report will be referencing an example of a software that already exists and uses the agile approach to software development. The chosen product is tacho cards, which is a large project due to the number of users and processes to be considered.

 Tacho cards are a tool which keeps track of hours worked by lorry drivers. The principle was to ensure that drivers did not exceed the legal set amount of driving time. By reading the evidence from a newspaper article (see [17]), the previous system was set so that drivers would fill in their hours completed into a paper form. This would then be recorded in a database for use in payslips. 

To reduce the risk of duplication, suspected fraud and human error, it was decided that the process would become an online system. This is clear from the quote “we’ve moved from process to customer outcomes, so we no longer measure how quickly we move the piece of paper, but we measure what the impact is on the customer.” [19].

The information would be submitted via an on-board instrument or using a tacho card. Processed information would then be added to the driver’s online tachograph using an online service. The report understands this from the quote “digital tachograph stores data in two places: the instrument itself (the vehicle unit) and the driver's card” [17].

Researching the information from [18] and [19], we notice the civil service follows an Agile approach. Specifically, in several teams of 5-11 (which make up each department), the developers follow a scrum approach. The report understands this from the following quote that says, “two-weekly sprints and the continual iteration of what we’re doing has worked particularly well. That’s helped us to see a product emerging, and for us to be able to shape it with the developers” [19].


[bookmark: _Toc534305829]Conclusion

To conclude, this report sought to understand software development. To achieve this, there was first an insight into a software’s development life cycle.  After investigating the six stages, the report then furthered its understanding of the traditional waterfall model and the more modern AGILE approach using the scrum model. Once both approaches had been formally understood, it was then appropriate to investigate the advantages and disadvantages of each model.

This report was able to conclude that both traditional and agile methodologies had drawbacks and advantages. Hence, neither can be ruled out in the development of software; rather, it is better that both approaches are considered within the initial planning stages of the product. By adopting this ‘best-fit’ attitude, developers will be able to return a product that has been processed using the ideal option.

Once the theory was completed, the report then investigated a real life setting of an agile developed piece of software. Specifically, this report investigated the software development of the online tachograph for lorry and bus drivers. This report discovered that the civil service developed an online service for recording hours by using the agile methodology and the scrum model.

The report concludes from this investigation that the process of software development using agile allows the end product to have a more tailored product, which is specific to the requirements of the client.

[bookmark: _Toc534305830]Potential Improvements
If the report was to be repeated, it would like to investigate an example of a software product where the waterfall model was used.

[bookmark: _GoBack]Furthermore, the report would benefit from the definition and examples of the ‘Kanban’ methodology.
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Twelve Principles of Agile Software

Our highest priority is to satisfy the customer Working software is the primary measure of
through carly and continuous delivery of progress.
valuable software.

Agile processes promote sustainable
Welcome changing requirements, even late in development. The sponsors, developers, and
development. Agile pros s harness change for  users should be able to maintain a constant pace
the customer's competitive advantage. indefinitely.

Deliver working software frequently, from a Continuous attention to technical excellence and
couple of weeks to a couple of months, with a good design enhances agility.
preference to the shorter timescale.

Simplicity — the art of maximizing the amount
Business people and developers must work of work not done — is essential.
together daily throughout the project.

The best architectures, requirements, and
Build projects around motivated individuals designs emerge from self-organizing teams.

Give them the environment and support they

nced, and trust them to get the job done. At regular intervals, the team reflects on how to
become more effective, then tunes and adjusts its
The most efficient and effective method of behavior accordingly.
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