[image: ]
	

	
	[bookmark: _Toc228865030][bookmark: _Toc228865186]Software Engineering Principles and Practice
	

	
	
	

	
	
	

	
	[bookmark: _Toc211851429][bookmark: _Toc211851471][bookmark: _Toc211851998][bookmark: _Toc211852073][bookmark: _Toc211852434][bookmark: _Toc211852975][bookmark: _Toc211853699][bookmark: _Toc228865031][bookmark: _Toc228865187]William Rowlands
	

	
	[bookmark: _Toc211851430][bookmark: _Toc211851472][bookmark: _Toc211851999][bookmark: _Toc211852074][bookmark: _Toc211852435][bookmark: _Toc211852976][bookmark: _Toc211853700][bookmark: _Toc228865032][bookmark: _Toc228865188]05/05/2026
—
[bookmark: _Toc211851432][bookmark: _Toc211851474][bookmark: _Toc211852001][bookmark: _Toc211852076][bookmark: _Toc211852437][bookmark: _Toc211852978][bookmark: _Toc211853702][bookmark: _Toc228865034][bookmark: _Toc228865190]BSc Applied Computing
—


	

	
	
	


Contents
1. Introduction	3
2. Evaluation of Design	3
2.1 Software Development Lifecycle Approach	3
2.2 Agile Methodology in Practice	3
2.3 Requirement Analysis and Refinement	4
2.4 Critical Evaluation of Design Approach	4
3. User Stories and User Mapping	4
3.1 Identification of User Stories	4
3.2 Acceptance Criteria	5
3.3 User Story Map	6
3.4 Evaluation of User Stories	7
3.5 Wireframe Design and Evaluation	7
4. CRC Card Design	10
4.1 Overview of CRC Method	10
4.2 Produced CRC Cards	11
4.3 Evaluation of CRC Approach	13
5. Software Testing Evaluation	14
5.1 Importance of Software Testing	14
5.2 Black Box Testing	15
5.3 White Box Testing	15
5.4 Testable Code	16
6. Application Testing and Unit Testing Investigation	17
7. Version Control and Git	19
8. Conclusion	20
9. References	20









[bookmark: _Toc228865192]1. Introduction 

The design methodology employed to create a web-based Battleships application is critically assessed in this paper. With elements like a ship movement countermeasure and a one-time drop bomb, the system expands on the classic game, adding complexity and design problems. The assessment evaluates the effects of lifecycle selection, requirement analysis, user stories, and collaborative design on testability, maintainability, and clarity.

Both technical artefacts and team-based procedures could be assessed because the design activities were carried out in a cooperative academic environment. The ways in which design choices promoted testability, maintainability, and clarity are highlighted. The report complies with the assessment criteria and includes results from in-class activities.

[bookmark: _Toc228865193]2. Evaluation of Design

[bookmark: _Toc228865194]2.1 Software Development Lifecycle Approach
The Battleships application's early design was influenced by the Software Development Lifecycle (SDLC), which offers an organised method for identifying requirements, design, and testing stages. When needs are consistent, linear models like Waterfall provide good documentation and clarity [1].

Ambiguity during modelling was decreased by early requirement definition. But the addition of elements like the drop bomb and counter manoeuvre necessitated going back and reviewing earlier phases, highlighting the shortcomings of a strictly linear approach and the necessity of iteration.

[bookmark: _Toc228865195]2.2 Agile Methodology in Practice
Agile concepts were unofficially embraced to adapt to evolving needs, allowing for incremental improvement and enhanced teamwork [2]. Features like diagonal positioning and counter manoeuvres were able to develop over time because functionality was divided into user stories and improved through debate.
Features like the counter manoeuvre and diagonal ship placement must be refined following initial interpretation during development talks. The team was able to review assumptions and modify modelling choices because of the iterative process. When identifying edge cases pertaining to ship movement and collision detection, this flexibility proved quite helpful.
However, several decisions were reactive rather than systematic due to the lack of formal Agile processes like sprint planning and backlog management. A more structured Agile approach would have enhanced consistency and planning, even while iteration increased alignment between requirements and design.
The team's cooperation during the design phase was crucial to the system's improvement. Early design models were inconsistent due to various interpretations of important characteristics, especially the diagonal ship placement and counter manoeuvre. These uncertainties were cleared up through peer input and iterative debate, producing a more accurate and consistent depiction of system behaviour. Because the quality of modelling decisions was significantly impacted by common understanding, this procedure demonstrated the significance of communication in collaborative design. In retrospect, a more structured approach to teamwork—such as clearly defined responsibilities or more formal planning—might have increased productivity and decreased the need for rework.

[bookmark: _Toc228865196]2.3 Requirement Analysis and Refinement
Because traditional gameplay was altered, requirement analysis was crucial. Grid-based ship placement, turn-based attacks, and win condition detection were among the essential functional needs. Other elements like drop bomb usage and counter manoeuvres were also incorporated. Fairness, usefulness, and dependability were the main non-functional objectives.

Ambiguities were identified early on, especially in relation to diagonal placement and mobility restrictions during countermoves. In order to resolve these, scenario testing and cooperative reasoning were necessary, underscoring the necessity of exact validation standards.

Even simple systems can have substantial underlying complexity, as the refining process showed. Although informal requirement capture occasionally resulted in conflicting interpretation, iterative clarification increased modelling accuracy.



[bookmark: _Toc228865197]2.4 Critical Evaluation of Design Approach
The design methodology allowed for both initial clarity and flexibility by fusing Agile-inspired iteration with formal SDLC principles. This shows the widespread usage of hybrid techniques in contemporary development activities.

Although early requirement definition offered a solid basis for modelling, changing features brought to light the significance of ongoing validation and improvement [1].

By combining many viewpoints, collaboration enhanced requirement clarity and facilitated better design choices, which is consistent with Agile teaming concepts.

However, the absence of a defined Agile structure resulted in sporadic errors and reactive judgements, highlighting the need for more precise process management.

Although more formalisation would enhance consistency and traceability, overall, the method enabled both structured thinking and flexibility.


[bookmark: _Toc228865198]




3. User Stories and User Mapping 

[bookmark: _Toc228865199]3.1 Identification of User Stories 
In order to ensure that features were in line with user value, user stories were utilised to depict functionality from the viewpoint of the player. Each feature was encouraged to be clearly justified by the standard format [3].

In order to ensure that every feature added to the richness and engagement of the game, stories addressed important gameplay behaviours including ship location, attack choosing, and the use of special abilities.

Table 1: Example User Stories

	User Story ID
	User Story
	Benefit

	US1
	As a player, I want to see a preview of my ship placement so that I can avoid placing ships incorrectly.
	Increases accuracy and decreases human mistake during game setup


	US2
	As a player, I want the system to highlight the selected grid square so that I know which move I am making.
	Enhances the clarity of interactions and stops inaccurate inputs


	US3
	As a player, I want the system to generate a 10x10 game board so that the game can be played within a structured grid.
	Guarantees uniform rule enforcement and gaming structure.


	US4
	As a player, I want to place my ships on the board so that I can prepare my fleet before the game begins.
	Facilitates essential gameplay setup and allows for strategic planning.


	US5
	As a player, I want the system to prevent invalid ship placements so that the game remains fair and follows the rules.
	Preserves equity and stops rule infractions


	US6
	As a player, I want the system to automatically switch turns after each move so that the game flows correctly.
	Minimises user uncertainty and guarantees seamless gaming progression


	US7
	As a player, I want to receive a notification when I destroy an entire ship so that I know I have made significant progress.
	Boosts player pleasure and engagement by giving feedback.


	US8
	As a player, I want to use a drop bomb once per game so that I can strategically destroy an entire enemy ship.
	Enhances strategic depth and introduces high-impact decision making





Iterative development is crucial since early tales were frequently too broad and needed to be refined into smaller, testable elements.


[bookmark: _Toc228865200]3.2 Acceptance Criteria
Acceptance criteria, such as guidelines for location, mobility, and the use of special abilities, were established to guarantee that every user story could be objectively verified.

Additional technological requirements, like synchronisation between movement logic and validation systems, were revealed by defining criteria.

Although not all edge situations could be foreseen at first, acceptance criteria enhanced traceability between requirements and implementation.

Table 2: Acceptance Criteria for Key User Stories

	User Story ID
	Acceptance Criteria

	US1
	Prior to confirmation, the system must show a visual preview of the ship location.

	US1
	The preview needs to change dynamically depending on the chosen orientation and position.

	US2
	Before confirming an action, the chosen grid square must be visually highlighted.

	US3
	At the beginning of the game, the system must create a 10x10 grid.

	US4
	Ships can only be positioned inside grid lines.

	US4
	Ship sizes (Carrier, Battleship, Cruiser, Submarine, Destroyer) must be adhered to.

	US5
	Ship placements that overlap with already-existing ships must be rejected by the system.

	US5
	Placements outside of the grid boundaries must be rejected by the system.

	US6
	After a legitimate move, the system must automatically switch turns.

	US7
	The system needs to monitor ship damage and alert users when a ship is completely destroyed.

	US8
	Each player may only utilise the drop bomb once throughout a game.

	US8
	A ship must be destroyed completely if a drop bomb strikes any portion of it.






[bookmark: _Toc228865201]






3.3 User Story Map
Setup, gaming, and win conditions were all covered by the user story map, which arranged functions into an orderly workflow.

Figure 3: User Story Map
[image: ]

Figure 1 provides a good illustration of the dependencies between features. The sequential character of the system is demonstrated by the fact that basic gameplay operations, like attacking, cannot take place until ships have been successfully placed and confirmed. Additionally, the map illustrates how tasks like ship management, placements, and gameplay are divided into more manageable processes like placing, turning, and assaulting.

By determining a minimal viable product and gradually adding more sophisticated features, it also assisted with prioritisation.

By connecting disparate narratives into a seamless user experience, the map enhanced comprehension overall.


[bookmark: _Toc228865202]


3.4 Evaluation of User Stories
User stories helped prioritise important features and offered a clear user-centred viewpoint.

However, as demonstrated by elements like the counter manoeuvre, they can oversimplify technical complexity.

User stories were useful overall, but in order to adequately reflect system complexity, they needed to be refined and supported by models.

[bookmark: _Toc228865203]3.5 Wireframe Design and Evaluation
A series of wireframe designs were created to illustrate the user interface's layout and functionality in order to complement the Battleships web application's visual and interactive design. Design choices can be assessed before execution thanks to these wireframes, which offer a streamlined, structural perspective of the system. This is in line with standard user-centred design techniques, which include interface planning to enhance usability and guarantee that system functionality satisfies user needs.

Figure 2: Wireframe for the Game Setup Screen

[image: ]

The game setup wireframe shows how players set up the game by placing ships on a 10x10 grid and entering their personal information. The ship placement user story is directly supported by this design, which guarantees that players can see the board properly before verifying their settings. The addition of rotation options, such as diagonal positioning, illustrates how interface design must adjust to functional requirements and reflects the changed game rules. Presenting ship selection and grid placement in the same window minimises placement errors and lessens cognitive burden from a usability standpoint.

Figure 3: Wireframe for the main game screen

[image: ]

Since it facilitates the fundamental player interaction, the main gameplay interface is the most important part of the system. During turn-based gameplay, the wireframe increases clarity and avoids confusion by separating the player's board from the opponent's board. Players may effectively monitor their progress thanks to visual cues like "X" for hits and "O" for misses, which offer instant feedback. Furthermore, the use of unique ability controls, such the drop bomb and countermaneuver, guarantees that these elements are usable while also highlighting their restricted application. This layout demonstrates a solid alignment between interface design and system functioning by supporting a variety of user stories, such as attack selection, ability usage, and feedback interpretation.





Figure 4: Wireframe for the End Game Screen

[image: ]

The game's conclusion is succinctly and clearly summarised on the last screen. The interface guarantees a seamless end to the game by prominently showing the winner and providing alternatives to restart or depart. By offering closure and facilitating replayability, this meets user expectations. Despite having a straightforward design, this page is crucial to preserving a logical user experience from setup to finish.

Overall, by allowing for early assessment of user interaction and interface structure, the usage of wireframes greatly enhanced the design process. They made sure that functional requirements were converted into user-friendly experiences by offering a visible connection between user stories and system behaviour. However, because wireframes are low-fidelity representations, they are unable to capture dynamic behaviour or intricate styling, necessitating additional refining during implementation. They are nonetheless a useful tool for verifying design choices and enhancing usability before development, despite this drawback.



[bookmark: _Toc228865204]4. CRC Card Design

[bookmark: _Toc228865205]4.1 Overview of CRC Method 
A lightweight object-oriented design method called Class-Responsibility-Collaborator (CRC) cards is used to determine and specify the duties of classes and the connections between them. Three essential elements are outlined in each CRC card, which represents a class in the system: the class name, its duties, and the other classes it interacts with. By encouraging developers to consider behaviour and interaction rather than technical details, this method promotes early-stage design.

Because they encourage debate and iterative improvement, CRC cards are very useful in collaborative design processes. Development teams can make sure that system functionality is divided among components in an acceptable manner by physically or conceptually grouping responsibilities. This is in line with object-oriented concepts like encapsulation and the Single Responsibility Principle, which state that every class should have a distinct function.

By breaking down complicated systems into smaller, more manageable parts, object-oriented modelling techniques like CRC cards enhance maintainability and clarity [1]. CRC cards were used to model the key elements of the Battleships online application, such as participants, the game board, ships, and control logic. This offered a methodical basis for comprehending how various system components interact while playing.

CRC cards are useful for conceptual modelling, but they purposefully steer clear of specific implementation logic. Therefore, to completely enable system development, they must be supplemented by other design artefacts.

By promoting responsibility-driven design, which is essential to maintainable system architecture, this method supports object-oriented modelling [1].


[bookmark: _Toc228865206]4.2 Produced CRC Cards

The Battleships system's essential elements were represented by several CRC cards. The structural components of the game as well as the interactions necessary to support gaming mechanics were the main emphasis of these cards.

Table 3: GameController CRC Card 

	Class: GameController

	Responsibilities:
Manage Overall Game Flow
Control Turn Switching
Validate Player Actions
Process Attacks (Hit/Miss)
Determine Win Condition
	Collaborators:
Player
GameBoard
GameBoard
Ship
Ship




Table 4: Player CRC Card 

	Class: Player

	Responsibilities:
Place and Position Ships
Select Attack Positions
Use Special Abilities
Track Fleet Status
	Collaborators:
GameBoard
GameController
SpecialAbility
Ship




Table 5: GameBoard CRC Card 

	Class: GameBoard

	Responsibilities:
Maintain Grid State
Store Ship Positions
Validate Placements
Record Hits and Misses
	Collaborators:
Player
Ship
GameController
GameController




Table 6: Ship CRC Card 

	Class: Ship

	Responsibilities:
Store Size and Position
Track Damage
Determine if Destroyed
	Collaborators:
GameBoard
GameController
GameController




Table 7: SpecialAbility CRC Card 

	Class: SpecialAbility

	Responsibilities:
Manage Drop Bomb Usage
Apply Bomb Effects
Handle Counter Manoeuvre
Enforce Single-Use Rules
	Collaborators:
Player
GameBoard
Ship
GameController





One of the key elements in charge of controlling the game's general flow was found to be the GameController class. Controlling turn advancement, verifying player actions, processing attacks, and establishing win conditions are some of its duties. To guarantee that game rules are applied consistently, it works closely with the Player and GameBoard classes.

Every player in the game is represented by the Player class. Managing the player's fleet of ships, choosing attack locations, and activating special powers like the drop bomb and countermaneuver are among its duties. To carry out actions and get feedback, the player works in tandem with the GameController and GameBoard.

The grid's state is maintained by the GameBoard class. This entails keeping track of ship locations, documenting hits and misses, and confirming that positions are within boundaries. It works in tandem with the Player and Ship classes to guarantee accurate processing of placements and attacks.

The characteristics and actions of specific ships are captured by the Ship class. Keeping track of the ship's size, position, and orientation as well as determining whether it has been struck or destroyed are among the duties. When assessing if a ship has been sunk, the Ship class works in tandem with the GameController and the GameBoard for placement and validation.

To handle special game elements like the drop bomb and counter manoeuvre, another class, like SpecialAbility, might be added. This class would oversee usage restrictions, modify the game state with effects, and make sure that regulations like single-use limitations are enforced.

When taken as a whole, these CRC cards offered a clear depiction of the structure and interactions of the system, serving as a foundation for future design and possible implementation.


[bookmark: _Toc228865207]4.3 Evaluation of CRC Approach

During the design phase, the use of CRC cards offered several benefits. The distinct division of duties between classes was one of the biggest advantages. The design readily conforms to object-oriented principles, especially the Single Responsibility Principle, by clearly outlining the responsibilities of each class. This increases the system's modularity and facilitates comprehension and upkeep.
CRC cards also facilitated collaborative design. Team members were able to swiftly suggest, alter, and discuss ideas because to the format's simplicity. This was especially helpful when modelling interactions where several components required to cooperate, including turn management and attack validation.

But there were drawbacks to the strategy as well. CRC cards are inadequate for direct implementation since they do not capture intricate logic or algorithms. For instance, the CRC card does not specify how the system decides whether to destroy a whole ship, even if the GameController may be responsible for managing the drop bomb capability. In a similar vein, edge scenarios like ships overlapping during a countermaneuver are under-represented.

CRC cards may oversimplify intricate interactions, which is another drawback. They do not depict sequence or timing, which can be crucial in systems with dynamic behaviour, even though they do a good job of describing high-level relationships. Therefore, to completely comprehend system interactions, further modelling tools like sequence diagrams would be needed.

All things considered, CRC cards worked well as a first design tool since they promoted cooperation and clarity. To guarantee a comprehensive and workable design, they must be used in conjunction with other methods because to their lack of detail.

Furthermore, it is evident that CRC cards are in line with accepted object-oriented design theory. Instead of concentrating only on data structures, they encourage developers to think about how behaviour is dispersed throughout the system by emphasising roles and collaborations. Because responsibilities can be changed without having a major effect on other components, this method promotes scalable and maintainable designs.

Although CRC cards are useful for early modelling, Rosenberg and Stephens (2013) contend that to guarantee completeness, they must be combined with more formal methods like UML diagrams. The Battleships system was a clear example of this issue, as interactions like the timing of special abilities and the order of attacks were not adequately captured.

The fact that CRC cards mainly depend on the designer's interpretation is another factor to consider. There is a chance that tasks will be assigned improperly or incompletely if they are not clearly validated against requirements and acceptance criteria. This emphasises how crucial it is to explicitly connect CRC cards to user stories and acceptance criteria to guarantee uniformity among design artefacts.

In the end, CRC cards were helpful in fostering conceptual clarity and teamwork, but their efficacy hinged on how well they were integrated with other modelling approaches and continuously validated during the design process.

Additionally, the CRC cards promote traceability between design and requirements by clearly demonstrating a relationship with the acceptance criteria specified in the user stories. For instance, the GameBoard class is in charge of verifying ship placement, which directly reflects specifications like prohibiting ship overlap and upholding grid borders (US4 and US5). In a similar vein, turn switching and attack processing are handled by the GameController class, which is in line with turn progression and hit/miss detection (US6 and US7). Constraints like the single-use drop bomb, which corresponds to US8, are enforced by the SpecialAbility class. This shows that the CRC cards satisfy the functional needs found during previous design stages in addition to defining system structure. Even because duties reflect high-level criteria, further modelling is still needed to completely execute them due to the lack of specific logic.


[bookmark: _Toc228865208]5. Software Testing Evaluation

[bookmark: _Toc228865209]5.1 Importance of Software Testing

A crucial part of the software development lifecycle is software testing, which makes sure that systems function as intended and fulfil requirements. By ensuring that functionality functions properly under a variety of circumstances, testing helps find flaws, increase dependability, and improve customer happiness.

Good testing lowers the chance of system failure while ensuring that software satisfies both functional and non-functional requirements [2]. Because the Battleships application is rule-based, testing is especially important. The overall user experience and gaming fairness could be greatly impacted by improper implementation of fundamental mechanisms, such as ship placement or assault validation.


Maintainability is also supported by testing. Developers can confidently alter or expand the system without adding inadvertent faults by confirming system behaviour at various phases. This is particularly true for innovations that add complexity beyond the standard game, such the drop bomb and countermanoeuver. 

Additionally, testing ensures that edge circumstances are handled appropriately, which adds to the robustness of the system. For instance, invalid game situations are avoided by confirming that ships cannot be positioned outside of the grid or overlap with one another. Such problems could jeopardise the system's integrity in the absence of extensive testing.

Software testing is essential for risk management in addition to problem identification. Incorrect reasoning can seriously affect fairness and user trust in systems like games where user involvement directly affects results. Maintaining system credibility so requires making sure that all game rules are appropriately enforced.

Testing should be included throughout the development lifecycle rather than being viewed as a last step, according to research in software engineering literature [4]. In iterative systems, where continuous testing facilitates incremental development and early fault detection, this idea is especially pertinent.
[bookmark: _Toc228865210]5.2 Black Box Testing

Black box testing concentrates on assessing system performance without taking internal implementation specifics into account. To make sure that behaviour complies with requirements, testers engage with the system through inputs and monitor outputs.

Black box testing can be used in a few situations in the Battleships system. For instance, depending on whether a ship is occupying the grid position the player chooses to assault, the system ought to return a "hit" or a "miss." The tester merely needs to confirm that the result is accurate; they do not need to comprehend how the system arrives at this conclusion.

In a similar manner, the drop bomb feature can be checked by choosing a target square and confirming that, if a ship is present, the entire ship is destroyed. Because the desired result is well-defined, the tester can verify functionality without looking at the underlying logic.

Black box testing is especially helpful for verifying user needs and making sure the system functions properly from the viewpoint of the player. But since it doesn't reveal internal workings, some flaws might go unnoticed if they don't immediately impact observable results.

To guarantee both internal reliability and functional correctness, various testing techniques are frequently integrated [4].

Table 8: BlackBox Test Cases

	Test ID
	Input
	Expected Output
	Description

	BB1
	Place Ship Within Grid
	Ship Placed Successfully
	Valid Ship Placement

	BB2
	Place Ship Overlapping Another
	Placement Rejected
	Prevents Overlapping Ships

	BB3
	Attack Empty Grid Square
	“Miss” Returned
	Valid Miss Detection

	BB4
	Attack Square with Ship
	“Hit” Returned
	Valid Hit Detection

	BB5
	Use Drop Bomb on Ship
	Entire Ship Destroyed
	Valid Special Ability Behaviour

	BB6
	Use Drop Bomb Twice
	Second Use Rejected
	Enforces Single-Use Rule




[bookmark: _Toc228865211]5.3 White Box Testing

In contrast, white box testing entails analysing the system's fundamental logic and structure. This method focuses on confirming that algorithms, conditions, and code routes operate as intended.

White box testing can be used in the Battleships application to verify techniques like special ability execution, win condition checking, and ship placement validation. Examining conditional statements and making sure all potential circumstances are covered, for example, can help evaluate the logic that decides if a ship overlaps with another or extends outside the grid.

By ensuring that every branch of logic is tested, white box testing also allows engineers to evaluate code coverage. This is especially crucial for intricate features like the countermaneuver, where a number of requirements must be met for the right result.

Although white box testing offers a more thorough level of analysis, it is usually carried out by developers rather than end users and necessitates an understanding of the internal workings of the system. It adds to an all-encompassing testing strategy when used with black box testing.

Additionally, white box testing helps with code quality enhancement and optimisation. Developers can find inefficiencies, redundant conditions, and needless complexity by evaluating internal logic. Both performance and maintainability are enhanced as a result.

Nevertheless, this method necessitates a high degree of technical proficiency and can be time-consuming. As a result, it works best when paired with automated testing tools, which enable test cases to be repeatedly run throughout development.

Figure 5: Example White Box Test

[image: ]

[bookmark: _Toc228865212]5.4 Testable Code

Software that is built to enable efficient and successful testing is referred to as testable code. This usually entails minimum relationships between components, a clear division of responsibilities, and modular architecture.

Testability in the Battleships system is enhanced by creating classes like GameController, GameBoard, and Ship with clearly defined roles. Developers can isolate problems and confirm behaviour in a controlled environment by testing each component separately.

Additionally, testability is improved by loose coupling between classes. For instance, it is simpler to test each part independently of the entire system if the GameController and GameBoard communicate via well-defined interfaces. This is consistent with the Dependency Inversion Principle, which advocates using abstractions instead than actual implementations.

In the end, scalability and maintainability are supported by testable programming. Developers can securely add new features to the system while maintaining its current functionality by making sure that components can be independently verified.

Design quality and the idea of testable code are strongly related. It is naturally simpler to test systems that follow object-oriented concepts like abstraction and encapsulation. This emphasises how crucial it is to think of testing as part of the design process rather than as a stand-alone task.

By making maintenance and troubleshooting easier, testability planning lowers long-term development expenses [5]. The overall dependability of the Battleships system is increased by making sure that elements like ship management and attack validation can be independently evaluated.



[bookmark: _Toc228865213]6. Application Testing and Unit Testing Investigation

Unit testing concentrates on individual components, whereas application testing validates the system. Both strategies are necessary to guarantee the dependability of the system.

The Battleships system can be tested in several ways, including:

Test Case 1: Validation of Ship Placement 
Input: Position a four-length ship diagonally inside the grid.
Anticipated Outcome: The ship is effectively positioned without going beyond grid limits.

Test Case 2: Invalid Placement 
Enter a ship that overlaps an already-existing ship.
Anticipated Outcome: The system requests a new job and denies placement.

Third Test Case: Attack Hit 
Input: The player attacks a square containing a ship
Anticipated Outcome: The system returns "hit" and modifies the grid appropriately.

Test Case 4: Bomb Drop 
Input: The player drops a bomb on a tile that has a ship in it.
Anticipated Outcome: The ship is destroyed and designated as such.

Test Case 5: Counter Manoeuvre 
Input: Player moves a ship one square
Anticipated outcome: opponent receives a "near miss" and ship position updates

It's crucial to think about how these tests would be carried out in an actual development environment in addition to creating test cases. Developers can automate test execution with unit testing frameworks like JUnit or PyTest, guaranteeing that individual components function as intended throughout development.

Figure 7: Example Unit Test Execution Output

[image: ]

A unit test for ship placement validation, for instance, may automatically confirm that a ship cannot extend outside the grid's limits. In a similar vein, automated tests for the drop bomb capability may verify that, upon successful use, every section of a ship is designated as destroyed.

Continuous integration techniques, in which code modifications are routinely evaluated to find flaws early, are supported by automated testing. This process is frequently aided by tools like Jenkins, which run test suites each time new changes are added to the repository [6].

Additionally, unit testing helps with regression testing by making sure that new modifications don't interfere with already-existing functionality. In systems with interconnected components, where changes in one area may inadvertently affect another, this is especially crucial.

But it's crucial to understand that unit testing is not enough on its own. It does not ensure proper system-wide behaviour, even when it tests individual components. Therefore, in order to provide thorough validation, integration and system testing must be added to unit testing.

Early defect discovery and continual validation during development are made possible by unit testing [5]. This is especially helpful in systems with intricate rule interactions, where mistakes in one section might have an impact on the system's overall behaviour.

Table 9: Structured Test Cases

	Test ID
	Description
	Input
	Expected Output

	TC1
	Valid Ship Placement
	Place Ship Diagonally Within Grid
	Ship Placed Successfully Within Boundaries

	TC2
	Invalid Ship Placement
	Place Ship Overlapping Another
	Placement Rejected and User Prompted to Retry

	TC3
	Attack Hit
	Attack Square Containing Ship
	“Hit” Returned and Grid Updated

	TC4
	Drop Bomb Usage
	Use Bomb on Ship
	Entire Ship Destroyed

	TC5
	Counter Manoeuvre
	Move Ship One Square
	Ship Position Updated and Near Miss Triggered




[bookmark: _Toc228865214]7. Version Control and Git

Because they allow developers to keep track of changes, work together efficiently, and preserve a record of project evolution, version control systems are crucial to modern software development. Because of its distributed nature, versatility, and ability to accommodate both individual and collaborative workflows, Git is widely used [8].

Updates to development artefacts, such as user stories, CRC cards, and design documents, were managed using version control. Version control facilitates incremental development and traceability through fundamental functions such repository initialisation, staging files, committing changes, and viewing commit history.

Figure 8: Initialising a Git repository (git init) 
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Figure 9: Git Commit History (git log) 
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Figure 10: Git Commit Example 

[image: ]

Key Git procedures are depicted in these figures. When a repository is initialised, version control is established, incremental changes are recorded with descriptive messages, and a chronological record of development is provided via the commit history. This makes it possible for engineers to monitor development, examine past modifications, and roll back earlier iterations if needed.

Additionally, version control facilitates connection with programs like Jenkins, allowing for continuous integration and automated testing. This lowers the possibility of introducing errors by ensuring that modifications are validated on a frequent basis.

However, disciplined behaviours are necessary for version control to be used effectively. Maintaining a meaningful project history requires continuous usage and clear commit messages. The advantages of collaboration and traceability are diminished in the absence of this.


[bookmark: _Toc228865215]8. Conclusion 

The design and development factors involved in modelling a web-based Battleships application were thoroughly assessed in this paper. The system was successfully broken down into manageable components using organised design techniques like CRC cards and user stories, promoting clarity and cooperation.

The evaluation highlighted the importance of iterative development approaches, particularly in handling evolving requirements introduced by modified game mechanics. While techniques such as CRC cards provided valuable structural insight, they were limited in their ability to represent detailed behavior, reinforcing the need for complementary modelling methods.

Black box and white box methodologies both contribute to thorough validation, and software testing was shown to be a crucial component in guaranteeing system stability. Furthermore, it was demonstrated that sound design principles are directly related to the idea of testable code.

The report also shows that successful software engineering goes beyond technical execution. Professional practice requires the capacity to critically assess design choices, defend methodological conclusions, and consider collaborative procedures. The significance of a comprehensive approach to system development is shown by the integration of theoretical understanding with real-world application.

Lastly, the usage of version control systems like Git illustrated how crucial it is to manage changes and encourage teamwork. Overall, the research underlines that disciplined development processes, thorough testing, and structured design are all necessary for good software engineering.


[bookmark: _Toc228865216]9. References

[1]
Raul Sidnei Wazlawick, Object-Oriented Analysis and Design for Information Systems. Elsevier, 2014.
[2]
“Agile Alliance,” www.agilealliance.org, Jun. 29, 2015. http://www.agilealliance.org/
[3]
D. Rosenberg, M. Stephens, and Springerlink (Online Service, Use Case Driven Object Modeling with UMLTheory and Practice : Theory and Practice. Berkeley, Ca: Apress, 2007.
[4]
P. Jorgensen and P. C. Jorgensen, Software Testing. CRC Press, 1995.
[5]
M. Stephens and D. Rosenberg, Design Driven Testing. Apress, 2011.
[6]
B. Laster, Professional Git. John Wiley & Sons, 2016.
[7]
B. Laster, Jenkins 2: Up and Running. “O’Reilly Media, Inc.,” 2018.
[8]
J. Mukherjee, The Power of Continuous Delivery in Devops. Createspace Independent Publishing Platform, 2017.

 




	
	Software Engineering Principles and Practice
	PAGE 4
	



image1.png
[/

L]





image2.png
s

Bockbons.

e stories
et

cromnt2

ncrements





image3.png
BATTLESHIPS SETUP

PLAYER NAME: | Entername..

YOUR SHIPS

CARRIER BATTLESHIP CRUISER SUBMARINE DESTROYER

[ [] LT

(4) (3) (3) (2)

PLACE YOUR SHIPS
1 2 3 4 5 6 7 8 9 10

ROTATION

O Horizontal

O Vertical

(O Diagonal

INSTRUCTIONS
Select a ship, choose

I & m m O O W >

rotation and click on
the grid to place it. |

CLEAR BOARD CONFIRM SETUP





image4.png
BATTLESHIPS GAME

PLAYER: Player 1

TURN: Player 1's Turn

SHIPS REMAINING (OPPONENT): 5

COUNTER MOVE

Ships to Destroy: 5

Counter Moves:

Bombs Available: 1

YOUR BOARD OPPONENT BOARD
(Your Ships) (Attack Grid)

5 6 6 7
A S|S A
B B o LEGEND
(o S|S C X = Hit
D D 0 = Miss

.= Unknown

E E
F F o
G G
H H

S

GAME INFO





image5.png
GAME OVER
—
7 PLAYER 1 WINS!

GAME SUMMARY SHIPS DESTROYED

Ships Destroyed 5/5 L Carrier (5) DESTROYED
Total Turns 34 nttllen . Battleship (4) DESTROYED
Hits i —-L— Cruiser (3) DESTROYED
Misses 23

sl Submarine (3) DESTROYED
Bombs Used 1

e Destroyer (2) DESTROYED
Counter Moves Used 1

e
& PLAYAGAN D—) EXIT




image6.png
ATTACK INPUT

IS GRID POSITION
OCCUPIED?

HIT? YES HIT? NO

RETURN “HIT” RETURN “MISS”




image7.png
Running Unit Tests...

Vv Data Import Validation - Passed

v Performance Index Calculation - Passed
v Player Ranking System - Passed

Vv Role Classification Logic - Passed

Vv Data Visualisation Rendering - Passed

All tests passed successfully.|




image8.png
PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL PORTS

® PS C:\Year3\IndependentProject\StumpMetrics> git init
Reinitialized existing Git repository in C:/Year3/IndependentProject/StumpMetrics/.git/
PS C:\Year3\IndependentProject\StumpMetrics> I




image9.png
PS C:\Year3\IndependentProject\StumpMetrics> git log

commit cbba8cebel348a66cd6b666el7dac9e5dc413458 (HEAD -> main)
Author: Will Rowlands <rowlandsw8e@gmail.com>

Date: Mon May 4 14:41:01 2026 +0100

Test Commit
commit 23311ce511371642a363bf375695eb409F56e358 (origin/main)
Author: Will Rowlands <rowlandsw8e@gmail.com>
Date: Wed Mar 11 11:54:4@ 2026 +0000

Tweaks to Batting Avg, Form Ranking and Players with © Runs

commit 8feSdebed2f4423941a429eac9c18e@c39888bd1
Author: Will Rowlands <rowlandsw8@@gmail.com>




image10.png
® PS C:\Year3\IndependentProject\StumpMetrics> git add .
® PS C:\Year3\IndependentProject\StumpMetrics> git commit -m "Test Commit"
[main cbba8ce] Test Commit
1 file changed, 59 insertions(+), 15 deletions(-)
PS C:\Year3\IndependentProject\StumpMetrics> I




