[bookmark: _GoBack]Battleships Evaluation
Software Engineering Principles and Testing
Aaron Miles 
2404521
Table of Contents
Introduction	1
Critique of the Design Process	2
User Stories and User Story Mapping	4
Analyzing CRC Cards for Battleships	6
How Software Testing Helps	7
Application Tests and Unit Testing	8
Round up of the Evaluation	9
References	10



[bookmark: _Toc228883970]Introduction
 
This assignment provides a critical analysis of the application design and the testing process of a Battleships web application which was designed and implemented as part of a software engineering collaborative exercise. The original game of Battleships has been enhanced with features such as diagonal placement of ships, a drop bomb which can be only used once, and a counter move. These enhancements to the game increase the game's play complexity for the player. However, with these enhancements comes the additional complexity of design, testing and validation. Hence this evaluation concentrates not only on describing the design and testing of the application but also critically evaluates the design strategies adopted in the development of the application and whether they were appropriate for the implementation of a maintainable and testable application.
 The purpose of this evaluation is to evaluate the design process by critically discussing the design artefacts such as user stories, CRC cards, as well as the design strategy and the approach to testing of the application. It discusses the application of the fundamental principles of software engineering such as modularity and abstraction and their appropriateness to the design. [1] In addition to this, it evaluates how well the design represents the detail required by the development of a working software application and how effective the design is towards the development of a valid and reliable testing strategy. [2] The latter point is very important given the complexity of the enhancements and the associated edge cases and validation rules. [3]
 It is important to consider the relationship between the application design and the testing strategy during software engineering because the design plays an integral role in testing the system. A well-designed system will facilitate testability due to its modular structure and clear responsibilities whereas a poorly designed system may make a comprehensive and reliable system of testing difficult to develop and apply. Hence, it is necessary in this evaluation to not only consider the design in isolation but also its relation and effect on testing the application.
Furthermore, this evaluation also seeks to present and discuss an alternative approach for the design and development of a valid and reliable testing strategy for the developed application as it presents the strengths and weaknesses of different design strategies and discusses alternative methods which would further enhance the application. In addition, there are many different types of testing strategies which could have been applied to developed applications. It is important to note that it is also appropriate in this evaluation to evaluate alternative approaches to the implementation of a particular strategy, for example comparing the use of informal design artefacts such as user stories and CRC cards with more formal design methods such as UML modelling. This shows a good understanding of the concepts and principles in a broader software engineering context.
Thus, the overall evaluation of the application design, its strategy, and testing strategy is done here in detail. This includes the consideration of the design strategies and testing approaches used throughout the development of the application to identify key strengths, improvements and weaknesses, as well as the importance of software engineering and testing to ensure the final software is functional and of a high quality.
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The design that we adopted for Battleships has some clear strengths in terms of software design. In the system, we followed the principles of modularity and separation of concerns by ensuring that we have clearly defined components such as game logic, game logic, user interface, and system validation. By doing this, we simplified the process of development as it allows us to test and change the components in a modular fashion. This is important as if we had a single large module then we would have increased the complexity of our project. This is because it would require the system to change throughout as we would be modifying the system at a much higher level. Another strength to this approach is that the design supports expansion as we can easily introduce a new function or change one of our systems. [4] For example, we would be able to add new game types or additional gameplay features.
 This approach is also very focused on the user. We have ensured that this system meets the user’s needs by following the user-centered design. This was implemented through our use of user stories which ensured that we only added features that enhanced our user’s game. This is very beneficial because it improves the usability of our application, which would lead to a more immersive experience for the player.
 
However, there are also some weaknesses to the design. As we have decided to add to the more complex gameplay features, we have increased the overall complexity of our project. For example, implementing the ability to place ships diagonally and the ability to use the maneuvers will both result in increased complexity as the code will need to be written to handle more possibilities. This increases cyclomatic complexity, which raises the likelihood of undetected edge cases and makes comprehensive white-box testing essential. For example, the validation algorithm for our application will be more complex as it will need to be able to check for multiple possible ship placements, which could potentially lead to errors or bugs in the system. Another weakness is that there is not enough detail regarding the design, which introduces ambiguity and increases the risk of inconsistent implementation across developers, particularly in collaborative environments. While we have the high-level design of the application, we haven’t yet specified any of the low-level functions. This lack of detail can cause ambiguity and potential inconsistency in implementation. For example, we do not specify the rules for determining when a “near miss” has occurred.
 In comparison to a more formal method of design (e.g. using UML diagrams or Behavior Driven Design), the design used here provides a lower level of detail and therefore has the risk of inconsistencies in implementation.
 Furthermore, working collaboratively does have an advantage in terms of generating ideas. As a group, we are able to bounce off each other and discuss ideas as a group. However, this also has the disadvantage of requiring us to work on the design together. While this can be an advantage, there may be cases where our team members have different interpretations of the requirements which can lead to inconsistencies in the design. Additionally, using informal techniques such as group discussions can be prone to inconsistency, so it would be advisable to supplement our informal design technique with a more structured approach such as formal specification. In conclusion, the design that we have developed has a strong conceptual foundation that demonstrates good software engineering principles, but there is a lack of detail that is required to successfully implement the design.
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User stories are a prominent feature of this design. The basic format “as a [user], I want [feature] so that [benefit]” has been widely used to describe the requirements of the Battleships application. This ensures that every feature is linked to a clear benefit. Agile development places strong emphasis on identifying user needs. [5] The focus for agile software development is on producing something useful for a user, not simply developing some code. In the case of Battleships, delivering an enjoyable user experience is essential if the software is to be widely used.
 One of the main advantages of user stories is that they emphasize the benefit the user derives from each feature. For example, a player story states: “as a player, I want [feedback on attacks] so that [I can make informed decisions].” This clearly states the importance of receiving feedback on every attempt and ensures that the design priorities for user-centric requirements. By specifying that the user needs feedback on whether their attack has hit a ship, the Battleships system needs to provide feedback after every attack attempt, including hits, misses, special outcomes such as a destruction and near miss, and even invalid attack attempts.
 
A further advantage of user stories is that they are simple to understand by both developers and non-technical personnel, which makes them a very valuable requirement specification tool in any project. While many users of an application may have some knowledge of software engineering, in this project they are simply end users. However, they can understand the user stories used in the development of the system and provide feedback accordingly. This collaborative environment is crucial to the successful design and development of software. Through the design process, user stories helped team members understand the requirements of the system in an easy-to-understand format and communicate accordingly. This helped to make the design more cohesive as team members were able to easily engage with each other.
The application of user story mapping was also employed in the design process. User story mapping is a technique that organizes individual user stories into a map showing the user’s progression through the software. In the case of Battleships, this shows users moving through several stages such as setup, game, special and end actions, and a winner. The user story map helped show that the requirements of the Battleships application were complete, as users can start placing their ships, participate in a game using various strategies, and have a winner decided at the end. Furthermore, it helped identify dependencies between requirements, such as the ability to special actions and end games. However, when looking back on the requirement specifications used to design the Battleships application, user stories are the specification techniques that are the weakest. There are two main areas that are lacking from the user stories used in this design: details and formalisms.
 The lack of details is the main problem with the user stories produced during the development of Battleships. While it is important to describe high-level requirements in the format of the user's stories, it is also necessary to describe details to support the development team during implementation. In the user stories produced for this project, details were omitted. For example, in the user story for the counter maneuvers it is not specified how the counter will be carried out, nor whether there are any restrictions placed on the user’s ability to move (for example, are there any constraints on the number of counter actions?). These details should have been specified through the acceptance criteria, so that when the implementation is complete, it is easy to determine the extent to which the requirements were fulfilled. Without details, the requirements are ambiguous, and this results in the requirement specification technique being less valuable in development as it is easier to interpret the requirements differently.
 
The lack of details in the user stories also results in them not providing a complete view of the software application. This is because user stories are limited to describing the features the software should contain, rather than describing the complexities involved. For example, if the software allowed ships to be placed diagonally, the user's stories would only require that a ship be placed diagonally rather than specifying how to validate diagonal placements or how collision detection would be affected. Therefore, it is easy for a feature to be overlooked and result in lower complexity than is initially thought, causing issues during development and testing. The user stories fail to provide a complete view of the system and, as a result, do not capture the interactions between different elements of the system.
 While some may see the lack of details as a limitation of the user's story specification technique, there are other ways to describe requirements that include more details but are more time consuming to create. Techniques such as formal requirement specifications require more time and effort to produce due to the amount of detail that is specified. In contrast, user stories require very little time to write but provide less information. However, the benefit of the user stories is that they can be written and altered quickly and easily adapt to the design process as requirements change. This was shown through the development of the Battleships application; as the design evolved, the requirements changed, and the user stories were amended. Therefore, the user stories produced were useful early in the process of software development but were less useful when the design was closer to finalization when requirements were less likely to change. User stories provide a less precise way of specifying requirements and, in this design, lack details and formalisms which are essential to ensure correct development of the software.
 User Story Map for Battleships
Setup Phase 
Place ships 
Validate placement 
Gameplay Phase 
Player attacks 
System returns hit/miss/near miss/destroy 
Special Actions 
Use drop bomb 
Use counter manoeuvre 
End Phase 
Check all ships sunk 
Declare winner
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The CRC cards are used as an aid when modelling the object structure of the Battleships program, to identify the classes of an application, and describe the responsibilities and collaboration of each class. It is a method of responsibility-driven design where responsibility, a particular behavior a class should provide, is a key aspect of analysis and design. [6]
Example CRC Cards
Class: Board
Responsibilities: 
Store grid state 
Validate ship placement 
Process attacks 
Collaborators: 
Ship, Player 

Class: Ship
Responsibilities: 
Track position 
Track hits 
Determine if sunk 
Collaborators: 
Board 

Class: Player
Responsibilities: 
Make attacks 
Place ships 
Collaborators: 
Board, Game
These CRC cards provide a high-level structure; however, they lack sufficient detail for direct implementation.

The strength of CRC cards is its simplicity. It is simple to define the system in a way that anyone can understand with no prior knowledge. During design, CRC cards enabled the team to focus on the major responsibilities of a system, the Game, Player, Board, Ship, Attack, Drop Bomb and Counterman moeuvre classes, with each card identifying the responsibilities of the classes.
 
Another strength is its object-oriented principles, with encapsulation and separation of concern. With each class having specific responsibility, the implementation of the system is split across each class. The Board class will validate the placement of ships within the Board grid, and the Ship class will define the location of the ship within the Board. This allows each component to be independent and separate, leading to a more structured, less complex implementation.
 However, there are weaknesses with CRC cards, specifically with their limited level of detail. CRC cards identify responsibility but do not identify the functionality behind it. If the Board class validates the placement of ships, CRC cards do not describe this validation algorithm. To implement this class, the CRC cards alone are not enough.
 Another weakness of CRC cards is the disconnect between the user stories. User stories are a description of the requirements of the system, and CRC cards describe the structure; the two do not always correlate. The use of drop bombs only to be used once for the duration of the game is a requirement; however, the CRC cards do not enforce this within the system. CRC cards do not describe requirements; however, the requirements and implementation could be different if CRC cards are used without user stories.
 CRC cards do not describe the dynamic behaviors of a class. CRC cards describe the relationship between classes; however, it does not describe the dynamic interaction between classes, such as the steps involved when a class performs an attack. A sequence diagram would be better to describe this as it captures interaction between objects.
 Compared to UML class diagrams, which describes classes in a formal manner, CRC cards provide less precision and detail. With this being the case, UML class diagrams are more specific than CRC cards, suggesting that CRC cards are a starting point before implementing a more formal diagram. [7]
 CRC cards do not describe how classes should be tested. CRC cards describe the responsibility and collaboration of the class; however, this is not useful in developing tests for the class. To do so, CRC cards would need to be expanded into more specifications.
 CRC cards are a useful tool for designing the Battleships game, although there are issues with limited details and alignment with user stories. When CRC cards do not identify functionality and are not connected with user stories, more detailed diagrams are needed to support the implementation and testing of the system.
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The importance of software testing cannot be underestimated as software is one of the cornerstones of engineering. [8] It is required to ensure the program behaves in the desired manner and meets the specified functions as well as the user requirements. Testing in the context of this particular project, the battleships game, is more important than ever as additional features (diagonals, drop bombs, counter maneuvers) have been added, introducing a more extensive set of rules to adhere to which will result in a larger number of potential permutations and edge cases (and therefore greater risk of error). Due to this, testability of the software must be taken as part of the design process.
 Black box testing is an important part of testing for this system. [9] This is the testing of an input system which does not have to consider the internal working of the system (the code, the functions etc) and can instead just test the output of a given input. In the battleship context, testing where the player attacks a coordinate, and the computer returns a 'hit', 'near hit', 'miss' or 'destroy' is an example of such an application. This is an important feature as it is required to make sure the program is working and meeting expectations as a user would expect. Another application of black box testing is ensuring that the system meets the user requirements specified and does not break as a user tries to do different actions with the system.
 On the other hand, white box testing can also be a very important application as it does look at the code itself. The implementation can be tested to see if all possible conditions are met, such as testing the diagonals to ensure ships are not overlapping. This is another important part of the testing as black box testing is not guaranteed to catch certain things, and errors may exist within the code that cannot be discovered otherwise.
 There is another aspect to testing where testable code is a requirement. [10]The design of the program should be considered to make testing easier where possible. It requires good input and output, minimal dependencies, and clear function definitions so the code can be tested. An example of this could be separating the game logic from the user interface in the Battleships application, so the logic component can be tested. This is also a vital part of the project as if the code isn't written in a testable manner, then it is difficult to test it, and it becomes more of an issue in terms of how thorough the software can be. This is why testing should be part of the design process to ensure the code can be tested.
 Testing helps in improving the quality of software as this makes it easier to discover defects, errors or bugs and to fix the issues, and the code is easier to maintain and debug. This is especially important for battleships software where the game can be complex. This shows that the design process and the testing process go hand in hand. In terms of both black and white box testing, they can be different. For example, black box testing focuses on function to see if the program is working as expected, and the user would expect. White box on the other hand will focus on the implementation to make sure the internal structure is valid. Both are needed as relying on one will only mean incomplete coverage of the tests as both will test different parts and one will not catch the things the other one can. To get complete test coverage of the program, it is required that both testing methods are used.
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To ensure that the Battleships application performs to the highest standards, we will implement two forms of testing: black box testing and white box testing. The aim of a black box test is to check system behavior with regard to a user. In other words, does the system perform a specific action and generate the expected result when a specified input is given? For example, does a ship successfully get placed onto the Board if the input coordinates fall within the boundaries of the Board? Will an error occur if a ship is placed outside of the Board? If a user selects a Board to coordinate, will there be an indication whether there was a ship on that position or not? Black box testing enables the user to understand how the system responds to a series of inputs by validating the system's functionality. The user can identify if the application is working in the same way that the system was originally designed to work. White box testing, on the other hand, is used to validate system logic regarding algorithms and methods. As an example, is the Ship’s ‘isSunk’ method working correctly, i.e. all parts of the Ship get hit in turn? White box tests are designed to validate that all possible conditions are met within the system code, and it is working correctly.
 Black box and unit tests must be described with the following: Pre-conditions (the necessary condition for a test to be valid), Inputs (the specific actions being taken in a test), Outputs (the expected result of a test), and Purpose (what the test is designed to test).
 The unit tests below were created to ensure the following system methods and classes were functioning correctly, Ship, isSunk() and Board, addShip(). The principles of unit testing include independence, repeatability, and automation. [11] Independent. Each unit test should run independently from all the other unit tests, meaning that you should not be able to fail a unit test by changing the state in other tests, and you should not need to rely on the presence of another state in other tests to pass. Repeatable. A unit test should be able to be re-run, resulting in a consistent pass or fail result (assuming the code and test remain the same). Automated. Unit tests must be easy to run without a human, which can be used during development or when using continuous integration. [12]The idea behind unit testing is to run a large number of tests automatically over time so that if a problem arises, it is caught before the next deployment. This is important for the Battleships application because the system is complex, and a bug in one method can lead to a cascade of errors throughout the whole program. If there was just one line of code changed, for example in the Ship class to add more functionality, then any bugs would not be noticeable, but the unit tests run during continuous integration would catch them straight away. Furthermore, unit tests act as a way to verify that the code works and as an additional safety net in the future, ensuring that the code is functioning as expected, even months or even years down the track when there is a need to edit the code or add to it.
Black Box Test Cases
	Test Name
	Pre-condition
	Input
	Expected Output
	Purpose

	Attack Hit Test
	Ship placed at (3,3)
	Player attacks (3,3)
	“Hit” returned
	Verify correct hit detection

	Attack Miss Test
	No ship at (5,5)
	Player attacks (5,5)
	“Miss” returned
	Validate miss logic

	Drop Bomb Test
	Ship occupies multiple cells
	Player uses drop bomb on ship
	Entire ship destroyed
	Test special feature functionality

	Invalid Coordinate Test
	Board initialized
	Player inputs (11,11)
	Error message
	Validate boundary checking


White Box Test Cases
	Test Name
	Pre-condition
	Input
	Expected Output
	Purpose

	isSunk() True Test
	All ship cells hit
	Call isSunk()
	Returns true
	Validate ship destruction logic

	isSunk() False Test
	Some cells unhit
	Call isSunk()
	Returns false
	Ensure partial hits handled correctly

	addShip() Overlap Test
	Ship already placed
	Place overlapping ship
	Error thrown
	Validate collision detection

	Diagonal Placement Logic
	Empty board
	Place ship diagonally
	Placement accepted
	Validate diagonal algorithm


Figure 2: Battleships Interface Wireframe
The interface consists of:
· A 10x10 grid representing the game board 
· A secondary grid for tracking opponent moves 
· Buttons for special actions (drop bomb, counter move) 
· A feedback panel displaying hit, miss, near miss, or destroy 
As shown in Figure 2, the interface is designed to provide clear feedback and intuitive interaction for the user.
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Ultimately, the design and testing assessment of the Battleships web application shows a solid grasp of core software engineering concepts, including modular design, testing, and user-centric design practices. [1]Utilizing user stories, CRC cards, and test strategies provided a robust start to the system, defining the main parts and functions of the design. It was a good fit to help in designing in the earlier stage of the system, ensuring the system fits into the user's requirements.
 The design and testing evaluation of the Battleships application also shows the limitation of the current system. The lack of specifications and formal design artifacts would affect the quality of the design. Furthermore, introducing further complexity of gameplay may cause more inconsistent code, so more testing and validation is required. Although informal techniques are helpful for early design and development, further development should involve detailed and more specific techniques to ensure accuracy.
 Software testing was also analyzed during the evaluation of the system. Black box and white box testing combine to offer total coverage of the software. Ensuring that the system fits user requirements is achieved through black box testing, whereas white box testing verifies internal code logic. Testable code and the use of unit testing ensure the code should be designed and written in a way that allows it to be easily tested. All the testing methods are vital in the development process of ensuring that the software is reliable and of high quality. [8]
 This evaluation shows that software engineering is a creative and disciplined process. Design methods are flexible to allow innovation and flexibility; however, design should be supported by detailed specifications, formal design, and testing processes to ensure quality. Battleships application shows that design can be tricky, and critical review must be done to improve the design and testing methods further.
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