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[bookmark: _Toc228554711]Introduction
[bookmark: _Ref227419247][bookmark: _Ref227419090]The Battleships web application is an appropriate example in which we can consider the way software engineering can turn a familiar game into a structured digital system with defined rules, user interaction and reliable behaviour. There is no limit to simple ship placement and turn taking in this project. It also needs to control modified elements like diagonal placement, a one-time drop bomb and a one-time counter manoeuvre which introduce the risks of invalid moves, ambiguous feedback and unreliable game state in case the design is not strong. Solutions to these issues include good software design, which can define responsibilities at an early stage, decouple interface behaviour and core logic, and allow gameplay rules to be implemented and tested in a systematic manner[[endnoteRef:1]]. This report, in turn, reviews the Battleships design in terms of user stories, story mapping, CRC cards, wireframes and supporting UML artefacts, as well as illustrates how testing is used to verify practical game behavior, like ship placement, attacks, near misses and ship destruction, in a reliable and maintainable web-based solution.[[endnoteRef:2]] [1: [] R. S. Wazlawick, Object-Oriented Analysis and Design for Information Systems: Modeling with UML, OCL and IFML. Burlington, MA: Morgan Kaufmann, 2014.]  [2: [] P. C. Jorgensen, Software Testing: A Craftsman's Approach, 4th ed. Boca Raton, FL: Auerbach Publications, 2013.] 










[bookmark: _Toc228554712]1. Evaluation of the Software Design and Team Design Process
The design formulated behind the Battleships application was informed by the fact that they had to make out of a familiar board game a structured web-based application whose rules were concise, interaction reliable and internal logic sustainable[[endnoteRef:3]]. Though the game seems easy, the software version presents a more challenging design challenge since the system will be required to authenticate ship positions, manage turn order, record attacks and give instant feedback to both the players. Object-oriented analysis is best applied that it structures behaviour around the entities of the problem domain, not around the actions of the [2]. This was critical in this case in particular as the amended rules, such as a diagonal placement, a one-time drop bomb and a one-time counter manoeuvre, resulted in exceptional cases which demanded acute design thinking. [3: [] IEEE Computer Society, "IEEE Software," computer.org. [Online]. Available: https://www.computer.org/csdl/magazine/so [Accessed: 03-Apr-2026].] 

[bookmark: _Toc228554713]1.2 Design Approach Review
[bookmark: _Ref227419429]One of the strongest aspects of the design process was that the design process started with the requirements of the scenario and not with the code. The system could not just allow the players to click on squares. It also had to invalidate placement invalidity, eliminate overlap, maintain fairness and communicate hits, misses, near misses and destroys in a uniform fashion. The quality of the software greatly relies on the clarity of the expected behaviour prevailing before any implementation starts, and this was the case in Battleships since vague logic regarding movement or the use of bombs would soon generate inconsistent [[endnoteRef:4]]. The design method thus had the advantage of decoupling the user interface and game logic such that the player input can be interpreted by a set of rules instead of by the mere screen behaviour. [4: [] S. W. Ambler and M. Lines, Disciplined Agile Delivery: A Practitioner's Guide to Agile Software Delivery in the Enterprise. Upper Saddle River, NJ: IBM Press, 2012.] 

[bookmark: _Toc228554714]1.3 Team Design Process Assessment
Team design process had a definite value addition, as it promoted group interpretation of conflicting interpretation of rules. The counter manoeuvre, which seemed to be straightforward initially, were discussed as bringing up further questions regarding overlap, out-of-bounds movement and how the application ought to notify about a close call. Agile work is bolstered by common understanding and frequently refined to perfection instead of early conviction. Team discussion assisted in revealing the gaps that could have been overlooked during the process of an individual design and contributed to the gradual enhancement of the game model by classroom activities and design refinement[[endnoteRef:5]]. [5: [] B. Laster, Professional Git. Indianapolis, IN: Wrox, 2016.] 

[bookmark: _Toc228554715]1.4 Strengths, Weaknesses and Overall Judgement
[bookmark: _Ref227419257]The design that was created on the Battleships application presented a number of strengths. It promoted the practice of modular thought, associated gameplay rules with system duties and provided a foundation to subsequent artefacts, including user stories, CRC cards and tests. A robust object-oriented design is based on meaningful separation of responsibilities, and this was applied in how board logic, player actions and rule control were handled as similar but distinct issues[[endnoteRef:6]]. There were limitations however to the design[[endnoteRef:7]]. The changed rules added numerous edge cases, particularly on how to place the diagonals and how the ships move, and no amount of discussion could settle all the little details. Otherwise, the requirements work may be too general one, unless they are backed up with additional clarification and quantifiable terms. On the whole, the design and the team process could be rated as a solid base since it resulted in the creation of the coherent and realistic model of the Battleships system, although more detailed artefacts were still needed to be created before the full implementation[[endnoteRef:8]]. [6: [] G. Booch, R. A. Maksimchuk, M. W. Engle, B. J. Young, J. Conallen, and K. A. Houston, Object-Oriented Analysis and Design with Applications, 3rd ed. Boston, MA: Addison-Wesley, 2007.]  [7: [] I. Inayat, S. S. Salim, S. Marczak, M. Daneva, and S. Shamshirband, "A systematic literature review on agile requirements engineering practices and challenges," Computers in Human Behavior, vol. 51, pp. 915–929, 2015.]  [8: [] J. Mukherjee, The Power of Continuous Delivery in DevOps: Reduce Difficulty by Increasing Frequency of Your Product Releases. CreateSpace Independent Publishing Platform, 2017.] 

[bookmark: _Toc228554716]1.5 Design Principles
The Battleships application was designed using several of the well-known software design principles that informed the way the responsibilities were divided among the classes and the structure of the system as a whole. These principles were not retroactively implemented, instead they were part and parcel of the choices made at the early design stage, especially where the changed rules added more of the complexity which needed to be carefully separated out.
One of the most directly applicable principles in this scenario was the Single Responsibility Principle (SRP). The design had specific and unique classes: the Player class handled actions of a player and the availability of special actions, the Ship class stored coordinate information and state of damage, the Gameboard class validated the grid and the processing of attacks, the Game Controller class enforced the turn order and victory conditions [6] .
Another principle that was evident in the decision to decouple interface behaviour and game logic was the Separation of Concerns. The wireframes and screen flow were designed without relying on the internal rule processing, i.e. when a player clicked a square on the board, it did not matter what would happen but a chain of control and board logic. This design implied that the logic behind the application could be tested and changed without changing the graphical layer of the application, especially considering the changed gameplay elements.
The design was further enhanced by Low Coupling and High Cohesion. The classes interacted with each other in a determined collaborative manner in the form of the CRC card design as opposed to using general or circular dependencies. This kept every part coherent within itself, and restricted the extent to which any alterations in one of the classes would affect the others. 
Lastly, the Open/Closed Principle was a helpful conceptual framework that could be used to deal with the modified rules. The design also enabled other conditions of a game, like diagonal placement or the manoeuvre of counter, to be added without the need to fundamentally restructure existing classes. 
[bookmark: _Toc228554717]2. User Stories and Story Map
[bookmark: _Toc228554718]2.1 User stories as a Requirements Tool
The design that was developed in the Battleships application was significant in user stories since they translated the scenario into player-centred requirements, rather than technical descriptions[[endnoteRef:9]]. The stories were not about what a player wants to do or what interface controls should do at the beginning but rather about the reason why doing something is important. This proved useful since the application has both the standard set of gameplay and modified sets of rules, meaning that the design should be able to support both simple commands like placing ships and taking turns, as well as complex commands like using a bomb or counter manoeuvre. Stories for this Battle ship are given below: [9: [] M. Stephens and D. Rosenberg, Design Driven Testing: Test Smarter, Not Harder. New York, NY: Apress, 2010.] 

	ID
	User Story
	Benefit
	Acceptance Criteria

	US1
	As a player, I wish that I could put all my five ships on my board to be able to plan my strategy prior to the game beginning.
	Allows complete game setup and planning.
	The five ships need to be put on the board before they start playing the game; each ship should be in the right amount of squares; the game cannot proceed without a ship.

	US2
	I wish as a player that I could have the ability to place the ships either horizontally, vertically or diagonally to increase my strategic choices.
	Enhances strategic flexibility and interaction.
	Only continuous straight-line placement should be permitted by the system, diagonal placement must be preceded by adjacent diagonal squares, broken placement must be rejected.

	US3
	As a player, I would like to reject invalid placement of ships to ensure that the game is fair.
	Avoids unlawful starting position.
	No overlapping of ships; ships should not exceed the 10 x 10 board; invalid positions should give a clear error message.

	US4
	I would like to play as a player and, each turn, attack one square on the board of my opponent and, in this way, attempt to sink their fleet.
	Enables traditional turn-based gameplay.
	There can be only one attack per standard turn; the chosen square should be noted; the outcome should be displayed as soon as possible.

	US5
	Using the system as a player, I would prefer the system to inform me whether my attack is a hit, miss or destroy to have known the outcome of my move.
	Enhances decision-making and clarity.
	The system should show the correct outcome of each attack; the markers of the board need to change accordingly; devastated ships should be identified only when all the parts are hit or attacked by bombs.

	US6
	Being a player, I would like to drop a bomb once during the game because I would like to have a tactical advantage.
	Gives the game a twist of strategy.
	The bomb can only be activated once per player, when the bomb lands on any square on the ship, the entire ship is destroyed, when it lands on an empty square it counts as a miss.

	US7
	As a player, I would like the system to prevent me using the bomb more than once to maintain an equal gameplay.
	Preserves fairness.
	Once the bomb is used, the option should be switched off or discarded; it should not be used again, should give a clear text.

	US8
	As a player, I would like to do one manoeuvre with a counter to be able to move a ship and avoid an attack.
	Introduces a defensive choice and strategy.
	A counter manoeuvre can only be made by one player; it must be one square in any direction it can go; it can never be made to overlap or leave the board.

	US9
	As a player I would like the system to display a near miss when a counter manoeuvre avoids an attack so that I know what happened.
	Improves feedback and gameplay understanding.
	A near miss should just be seen where a legitimate counter manoeuvre evades the attack; the state of the board should move appropriately.

	US10
	As a player I would wish that the system should end the game when all the enemy ships are killed so that the victor must be known.
	Gives a proper and definite game ending.
	The game should be able to identify the time when all the ships of one of the players are destroyed; the victory should be declared; additional turns should be prevented.


Table 1: User Stories with Benefits and Acceptance Criteria
[bookmark: _Ref227419190]The requirements are more useful when related to meaningful user goals as opposed to being written in form of system functions. This was used in Battleships to maintain the design based on real gameplay value[[endnoteRef:10]]. [10: [] D. Rosenberg and M. Stephens, Use Case Driven Object Modeling with UML: Theory and Practice. New York, NY: Apress, 2013.] 

[bookmark: _Toc228554719]2.2 Acceptance Criteria and Behaviour Precision
The acceptance criteria were required since the stories were not accurate enough to determine right behaviour. Something like putting ships on the board may seem simple, but there must be a way in the application that decides when that action ought to be successful or not. In the Battleships system, the acceptance criteria were that the ships should not be out of the 10 x 10 grid, the ships should not overlap, placement of the diagonals should conform to continuous squares and the bomb should only be used once. Design and testing is more robust when the expected behaviour is brought out early and this was quite the case here since the features such as the drop bomb and near miss outcome could very easily be construed otherwise without further5. Acceptance criteria thus enhanced accuracy and provided the team with a better foundation on subsequent testing.
[bookmark: _Toc228554720]2.3 User Story Map and Design Flow
The user story map was important in that it helped to group the stories around the flow of the real player experience. The backbone shifted its process of entering the game and placing ships to the taking of turns, with special actions and the reaching of an end condition. This assisted the team in thinking about player activities as opposed to individual features. It is essential to see the bigger picture of the user experience before narrowing down to details, and that was applied in this project since the system had to have a logical flow as opposed to disjointed mechanisms[[endnoteRef:11]]. The story map for the Battleship games are given below: [11: [] Agile Alliance, "Agile Alliance," agilealliance.org. [Online]. Available: https://agilealliance.org/ [Accessed: 02-Apr-2026].] 

	Backbone Activity
	User Tasks
	User Story Relationships.

	Play Game
	Game menu; start button
	US1

	Install Board
	Select ship; choose orientation; place ship; confirm set up
	US1, US2, US3.

	Start Match
	Lock initialisation; display both play fields properly
	US1, US3.

	Take Turn
	Choose targeted square; post attack
	US4, US5.

	Receive Outcome
	Indicate hit, miss or destroy; revise board markers
	US5

	Use Special Attack
	Activate bomb; square to be targeted; apply outcome
	US6, US7.

	Defensive Action
	Get on counter manoeuvre; move ship one square;
	US8, US9.

	Continue Play
	Alternate turns; maintain state and feedback
	US4, US5, US8

	End Game
	Find all destroyed ships; print winner
	US10


Table 2: User Story Map
The flow of the story could also be easily mapped, allowing one to see the parts that were missing in the game, like the necessity to check that everything is set properly before the game starts, or the need to update the board visually after every attack.
[bookmark: _Toc228554721]2.4 Overall Evaluation
[bookmark: _Ref227419546]In sum, the user stories, acceptance criteria and user story map created a robust requirements base of the Battleships application. Their primary strength was that they maintained the focus on what players really do, what value each action offers and what circumstances characterize good behaviour. Better early specification leads to better design and verification later, and that was the case here because the stories and criteria that had been developed provided traceability to CRC cards, class modelling and test design[[endnoteRef:12]]. Their biggest weakness was that short story statements were not able to entirely solve all edge cases, particularly those involving amended rules and a changing board state. Nonetheless, they were fundamental in transforming the design to be more structured, user-friendly and capable of further development. [12: [] G. Meszaros, xUnit Test Patterns: Refactoring Test Code. Boston, MA: Addison-Wesley, 2007.] 


[bookmark: _Toc228554722]3. CRC Cards and Class Design Evaluation
[bookmark: _Toc228554723]3.1 CRC Card Design
	Card No.
	Class
	Responsibilities
	Collaborators.

	C1
	Player
	· Place ships on the board
· Select attack coordinates
· Use the drop bomb once
· Use the counter manoeuvre once
· Track available special actions[[endnoteRef:13]] [13: [] Wiley Online Library, "Journal of Software: Evolution and Process," onlinelibrary.wiley.com. [Online]. Available: https://onlinelibrary.wiley.com/journal/20477481 [Accessed: 07-Apr-2026].] 

	· GameBoard
· Ship 
· GameController
· Move

	C2
	Ship
	· type and size of store ship
· coordinates occupied by store occupied
· hits recorded in a report hits
· destroyed status report destroyed status move one square during a counter manoeuvre
	· GameBoard
· Player
· GameController
· Move

	C3
	GameBoard
	· Model the 10 x 10 grid
· Check the position of a ship
· Check shipping overlap and out of bounds position
· Process attacks
· Mark hits, miss and destroy positions
· Check state of board
	· Ship
· Player
· GameController
· Move.

	C4
	GameController
	· Initiate and control the game
· Alternate play between players
· IMPose rules on the bomb and counter manoeuvre rules
· Check the win conditions
· Return gameplay outcome messages
· Close the game and announce the winner
	· Player
· GameBoard
· Ship
· Move

	C5
	Move
	· Store attack coordinates
· Store move result
· Support move history
· Support move history to track gameplay
	· Player
· GameBoard
· GameController


Table 3: CRD Card
[bookmark: _Toc228554724]3.2 CRC Cards as a Design Technique of Collaboration
CRC cards proved a useful aid to the design created around the Battleships application since it aided in breaking down the wide gameplay specifications into a more structured class framework. The cards did not need to go directly to code; they helped the team to consider what every aspect of the system was supposed to do and what other aspects it must collaborate with. This especially helped, as the Battleships scenario has modified rules that make the game more complex than a normal version. The CRC format allowed the team to more readily determine where such actions as diagonal placement, bomb usage and counter manoeuvre would fit in the design instead of these responsibilities potentially becoming mixed together in a single large component1.
[bookmark: _Toc228554725]3.3 Identification of Classes and Class Responsibilities
The classes included in the Battleships application were mostly suitable since they represented actual problem-domain entities as opposed to abstract implementation terms[[endnoteRef:14]].  [14: [] Wiley Online Library, "Software: Practice and Experience," onlinelibrary.wiley.com. [Online]. Available: https://onlinelibrary.wiley.com/journal/1097024x [Accessed: 09-Apr-2026].] 

The strongest candidates were Player, Ship, GameBoard and GameController since each of them was a mandatory aspect of the game. The Player class might handle the positioning and attack choices of the ships, the Ship class might retain the length, coordinates and condition of damage, the GameBoard might authenticate positions and register results, and the Game Controller might control the order of turns and special-action guidelines. This separation was significant since it enabled the system to model the gameplay in a systematic way. Action should not be processed by the interface only when a player chooses an option that is represented by a square. It must pass through the controller and board logic in such a manner that it can establish the right result in a consistent manner4.
[bookmark: _Toc228554726]3.4 Quality of Interaction and Collaborators
The collaborator feature of CRC cards also proved to be useful since Battleships is a rule-based interactive system, and not a collection of independent entities. The GameBoard has to be involved with the Player placing ships and attacking, and the Ship objects have to be involved with the GameBoard to find out whether a coordinate occupied has been hit or destroyed. The GameController then has to work with both the Player and GameBoard to implement turn changes, win conditions and special-action limits. This set up made the design better due to the fact that it minimized the chances of placing too much responsibility in a single class. Practically, the Player class should not make a final decision on a bomb action, because fairness and limitations of a usage is a matter of game control, and not a matter of player identity. Previously, this type of design problem could be revealed prior to the implementation thanks to CRC cards5.
[bookmark: _Toc228554727]3.5 CRC Cards Evaluation vs. Requirements
One of the strongest points of the CRC design was that it could be connected with the user stories and acceptance criteria. The fact that the ships could not overlap was a natural fit with the GameBoard role in validation and the fact that the bomb could only be used as a GameController rule. The importance of cooperation between ship movement logic and the overall game-state control was also demonstrated by the near miss outcome following a counter manoeuvre. This traceability was useful since the class design was not created in a vacuum of it requirements. The CRC cards could not, however, be used alone to be fully implemented. Even a responsibility like the validation of diagonal position depends on more detailed logic than is expressible in a short card, particularly where there are edge cases to consider. CRC cards, in that regard, were a good starting point and not a full design specification5.
[bookmark: _Toc228554728]3.6 Overall Evaluation
On the whole, the CRC cards contributed fairly well to the design of the class of the Battleships application since it facilitated teamwork, enhanced clarity and promoted reasonable responsibility distribution. They particularly proved handy to avoid making the design too monolithic and to demonstrate how the events of a gameplay are to be distributed among classes. Their primary weakness was that they were high level and thus had to be backed up by class diagrams, sequence diagrams and test cases before they could be confidently implemented. Despite this, as an early design method, the CRC cards offered a convenient and well-organised foundation of transforming the Battleships requirements into an organised object-oriented design7.
[bookmark: _Toc228554729]4. User Interface Design and Supporting Design Artefacts
[bookmark: _Toc228554730]4.1 User Interface Design Purpose in the Battleships Application
The design of user interface was also a significant issue with the Battleships application since the interface is not directly interacted with as a system but as a visual interface. Players are required to know where to position ships, how to identify valid and invalid positions, how to identify target square and how to interpret results like hit, miss, near miss and destroy. Even a proper underlying logic could still result in having a poor user experience in case the interface is not clear. Usability in a game application is strongly related to fairness since a player should be able to know the situation on the board and the implications of each action without any confusion. The effective system modelling must be able to relate the functional structure to the manner in which users will be interacting with the application, and the given principle was very applicable to Battleships, as in the reality the clarity of the interface correlates directly to the possibility to apply the relevant rules in the real game4.
[bookmark: _Toc228554731]4.2 Battleships Application Wireframe Design
The Battleships application wireframes proved helpful as they helped to convert requirements into screen structure that is visible prior to actual implementation. The wireframes did not regard the interface as an overall aesthetic choice; instead, they presented the basic design of the application, such as player boards, placement controls, feedback areas and special-action options. This was especially significant in Battleships as the modified rules imposed additional interface requirements over and above those of the standard game. The design had to indicate where the action in the bomb would be triggered, how the counter manoeuvre would be provided and the near miss or destroy message would be made very clear compared to the normal hit or miss messages. Through the use of wireframes to plan these elements, the team was able to test the interface to determine whether it was going to support the gameplay or not before any code was written. The artefacts of design are most useful when they enable the abstract requirements to be perceived in the concrete operational form, and the wireframes did just that in this project5.
[image: ]
Figure 1: Wireframe — Main Gameplay Screen
[image: ]
Figure 2: Wireframe — Setup
[image: ]
Figure 3: Wireframe — End Game Screen
[bookmark: _Toc228554732]4.3 Design of the screen flow and user interaction
The flow of the screen of the Battleships application had to be based on the order of player activity such that the system would be intuitive to operate. The game starts with positioning of the ships, with players choosing their position and orientation and being informed that the move is approved or not. After the setup, the interface should fade out to a turn based gameplay, where it is possible to attack the opponent board, without losing sight of the position of own ships and the history of attacks. It is essential since this flow allows the application to aid the player experience and does not require the player to figure out the logic on his/her own. To illustrate, when a player takes the bomb, the interface must not silently update board state and merely provide a description of what has happened in an understandable manner. Design in agile situations should be driven towards clarity, feedback and refinement, and that was evident in how the interface had to help the player through setup to action to result without undue confusion[3].
[bookmark: _Toc228554733]4.4 Usability and Requirements Validation with the help of Wireframes
Wireframes also played the role of usability as the team was able to verify whether the interface was as per the actual requirements of the game. With Battleships, screen layout would easily be misunderstood. To illustrate, in the case that the board of the player and the opponent were not well defined, a user may misinterpret placement activity as an attack activity. Similarly, should feedback messages be too subtle, then the distinction between a near miss and a standard miss could be lost and thus undermine the strategic value of the amended rules. The wireframes were thus a validation tool at the early stage since the layout of the application revealed whether the layout supported the desired player behaviour. Requirements are made more effective when they are compared with user understanding instead of remaining abstract statements, and the wireframes facilitated that by enabling the team to compare the visual framework with the requirements stated in the user stories and acceptance criteria[[endnoteRef:15]]. [15: [] G. Lucassen, F. Dalpiaz, J. M. E. M. van der Werf, and S. Brinkkemper, "Improving agile requirements: the Quality User Story framework and tool," Requirements Engineering, vol. 21, no. 3, pp. 383–403, 2016.] 

[bookmark: _Toc228554734]4.5 Supporting Design Artefacts
The interface work was reinforced by the supporting design artefacts since they made sure that visual behaviour was supported by structural and behavioural modelling. The significance of the class diagram was to demonstrate the initial arrangement of the system in terms of classes like Player, Ship, GameBoard and GameController. This aided in verifying that there existed objects and responsibilities behind the scenes to the interface actions. The interface must be able to activate behaviour that the class design can reasonably bear as opposed to creating actions that have no structural basis. Good software design relies on good relationships among objects, responsibilities and behaviour and the class diagram assisted in ensuring that relationship in the Battleships application by associating visual interaction with the underlying system structure[4].
[image: ]
Figure 4: Class Diagram
The sequence diagram provided another, but equally important, type of support since it depicted behaviour through time as opposed to structure. This was particularly instrumental in Battleships when there was a need to attack the square of an opponent, get feedback or work the bomb. A sequence diagram may illustrate the flow in which the interface invokes a request, the controller invokes the request, the board verifies occupancy, the ship verifies the state and the result is sent back to the player. This proved useful since it helped in understanding how interface actions would flow through the system in real gameplay. Artefacts of design that are effective must facilitate subsequent testing by enabling us to see system behaviour prior to implementation, and the sequence diagram aided that purpose by exposing the interaction path among events we can observe[4].
[image: ]
Figure 5: Sequence Diagram
[bookmark: _Toc228554735]4.6 General Assessment of the User Interface Design and Supporting artefacts
In general, the user interface design and the design artefacts in support contributed significantly to the Battleships application as it served to bridge the gap between the user experience and the software design. The wireframes were used to verify that the layout was used to support actual gameplay, and the class diagram and sequence diagram were used to verify that interface actions were based on consistent system responsibilities and interactions[[endnoteRef:16]]. Their strength as a set was in traceability: the user stories were what informed the wireframes, the wireframes were what corresponded to the responsibility of the classes, and the sequence diagrams helped to understand how the visible actions would be implemented in reality. The biggest weakness was that these artefacts remained reliant on additional work and testing to ensure full accuracy in implementation, particularly in the amended features of the bomb and counter manoeuvre. Nevertheless, when combined, they offered a concise and sensible basis upon which a Battleships application can be designed that is both comprehendible to the users and a sound software system structurally. [16: [] J. Mukherjee, The Power of Continuous Delivery in DevOps: Reduce Difficulty by Increasing Frequency of Your Product Releases. CreateSpace Independent Publishing Platform, 2017.] 


[bookmark: _Toc228554736]5. Software Testing Evaluation
[bookmark: _Toc228554737]5.1 Test Cases
	Test ID
	Feature
	Pre-condition
	Input
	Expected Output
	Purpose

	BB1
	Valid placement
	empty board, setup active
	Place destroyer horizontally within bounds
	Check valid placement acceptance
	Check valid placement acceptance

	BB2
	Illegal overlap
	A ship has already been placed
	Place a cruiser on occupied squares
	Placement rejected with message
	Check overlap prevention.

	BB3
	Out-of-bounds invalid
	Set up active
	Place carrier extending off board
	Placement rejected with message
	Check board boundary validation.

	BB4
	Normal miss
	Active turn
	Attack empty square
	Miss message and board mark
	Check miss result

	BB5
	Normal hit
	Active turn, occupies square on board
	Attack occupied square
	Hit message and board mark
	Check hit result

	BB6
	Destroy result
	Final segment of ship being attacked
	Destroy message
	Destroy message
	Check ship destruction.

	BB7
	Bomb valid use
	Bomb unused, target contains a ship
	Use bomb on occupied square
	Whole ship destroyed; bomb marked used
	Whole ship destroyed; bomb marked used

	BB8
	Bomb repeated use
	Bomb already used
	Attempt second bomb
	Action rejected
	Check bomb restriction.

	BB9
	Counter manoeuvre valid
	Counter unused, valid move exists
	Move ship one square
	Ship moved; near miss if applicable
	Check counter feature

	BB10
	Game end
	All enemy ships are destroyed
	Final successful attack
	Winner shown; game ends
	Winner shown; game ends


Table 4: Black Box Test Cases

	Test ID
	Method / Unit
	Internal Condition / Branch
	Expected Result

	WB1
	horizontalValidPath()
	validateShipPlacement()
	Returns true.

	WB2
	validateShipPlacement()
	Diagonal valid path
	True.

	WB3
	validateShipPlacement()
	Out-of-bounds branch
	False.

	WB4
	validateShipPlacement()
	Overlap branch
	Returns false.

	WB5
	processAttack()
	Empty square branch
	Returns miss.

	WB6
	processAttack()
	Occupied square branch
	Returns hit.

	WB7
	processAttack()
	Final segment branch
	Destruction by returns.

	WB8
	applyBomb()
	Bomb on square occupied and available
	Ship destroyed; bombUsed=true

	WB9
	applyBomb()
	Branch already used bomb
	Action rejected.

	WB10
	moveShip()
	Valid counter movement
	Coordinates are updated properly.

	WB11
	moveShip()
	Movement rejected due to an invalid overlap.
	Movement rejected due to an invalid overlap.

	WB12
	checkWinCondition()
	Destroy all the ships
	True.


Table 5: White Box Test Cases

	Unit
	Test Focus
	Sample Assertion.

	GameBoard.validateShipPlacement
	Bounds, overlap, orientation
	Assert false invalid diagonal placement.

	Ship.registerHit
	Hit recording
	Assert hits are incremented by 1.

	Ship.isDestroyed
	Destroy logic
	True when hits are size equal.

	GameController.applyBomb
	One-time use rule
	Reject second use.

	GameController.switchTurn
	Turn handling
	Valid move changes player.


Table 6: Example Unit Test Design Summary

[bookmark: _Toc228554738]5.2 Importance of Testing in the Battleships Application
One of the core quality operations of the Battleships application is software testing since the system is not merely two grids on a screen and inputting player data. It is required to have valid placement, turn order, record accurate attacks and provide correct results like hit, miss, near miss and destroy. Even a minor bug in a game app will ruin the level playing field and erode trust in the application. The rule that something is used once, e.g. one-time bomb usage, is not only a feature but also a control on balance, therefore the application should be able to prevent repeated use after the action was consumed. Testing is necessary since it proves that software does as it is supposed to and does not just seem to work[2].
The significance of the testing is enhanced due to the fact that the Battleships scenario involves changed rules, which make the game logic more complicated than the typical game. Diagonal placement cannot be validated as well as horizontal or vertical such as the counter manoeuvre comes with changes of state that can alter the position of a ship and the message displayed to the user. Pragmatically, when a player has a counter manoeuvre triggered against a target, the system should update the position of the ship accordingly, avoiding overlaps and maintaining the board state, and showing only a near miss where the rule actually applies. Demonstrate that the most useful testing is that which is coupled with what one wants to do, early in the process and that principle is readily applicable to the current case since the Battleships application relies on the accuracy of rules not on the appearance of the interface[5].
[bookmark: _Toc228554739]5.3 Black-Box and White-Box Testing
In the case of Battleships, black-box testing is suitable since the player interacts with the system visually, but not based on the structure of the code. In this technique, the tester acts as a user and verifies the correct response of the application to the inputs like ship placement, attack selection and bomb activation. When a valid ship placement has been entered the system should accept it; when the ship goes off the board the system should reject it. When an attempt is made to attack a square occupied the player should see a hit or destroy, but when the square is empty the player should see a miss. Underline that the behaviour of the software must be evaluated based on what the user can do meaningfully, and black-box testing can be useful in this case since it will be possible to prove that the gameplay is clear and just according to the understanding of the player.
White-box testing is also essential since there are numerous important Battleships rules relying on internal decision paths, which cannot be fully observed by means of interface behaviour. A bomb action might seem to be functioning properly on-screen, but it still must be checked on the inside to guarantee that the system checks if there is a bomb, the right ship and the coordinates have been changed accordingly. This is also true of movement logic in the counter manoeuvre, whereby various branches can be found in valid movement, blocked movement or overlap rejection. The behaviour must be traceable using the components of software, and white-box testing helps attest to this by ensuring that methods and branches act correctly within the design, and not just on the surface.
[bookmark: _Toc228554740]5.4 Testable Code and Overall Evaluation
This application is very relevant to the concept of testable code since it can only be effective when the design of the piece supports isolation of behaviour. Provided that the validation of ship placement, the detection of hits and turn switching is carried out in different, specific ways, each behaviour can be tested more accurately. By placing the same reasoning within interface handlers or even in disparate classes, then the tests are weaker and harder to read. Behaviours are small, repeatable and loosely coupled, which makes software easier to check and therefore it is most important in Battleships since the game is based on numerous repeated rule checks each time it is played[7].
All in all, the process of software testing in the Battleships application can be reviewed as an inherent aspect of the quality of software engineering, and not as an optional step. White-box testing and black-box testing safeguard player experience and internal rule and state change correctness respectively. The concept of testable code also demonstrates the fact that good testing relies on good design, particularly when special actions and exceptions are concerned. That is why the testing plan can be regarded as the natural continuation of the system design, which makes sure the Battleships application will be fair, reliable and maintainable in practice[[endnoteRef:17]]. [17: [] IEEE Computer Society, "IEEE Transactions on Software Engineering," computer.org. [Online]. Available: https://www.computer.org/csdl/journal/ts [Accessed: 04-Apr-2026].] 

[bookmark: _Toc228554741]6. Application Test Design and Unit Testing Desig
[bookmark: _Toc228554742]6.1 Application Test Design
Designing the application test of Battleships must start with the clear test cases associated with the user stories and acceptance criteria. Both of the tests must specify the pre-condition, the input, the expected output as well as the intention of the test[[endnoteRef:18]]. In a placement test, e.g., the pre-condition is that the board is empty and the ship that has been chosen is not placed yet. The coordinate sequence and orientation is the input. The desired result is the successful placement of a valid position or rejection in which the ship is overlapping or protruding outside the 10 x 10 grid. The design is practical, due to the fact that it can translate abstract requirements into visible behaviour and enables the application to be tested in real conditions of gameplay1. [18: [] Jenkins, "Jenkins User Documentation," jenkins.io. [Online]. Available: https://www.jenkins.io/doc/ [Accessed: 05-Apr-2026].] 

The same rationale pertains to attack and special-action tests. When a player picks a square occupied by the opponent cruiser, the outcome of the selection is expected to be a hit except the square is the last undamaged piece where the outcome is expected to be destroy. The bomb test must commence with bomb availability in place, not used, and a known ship position on the target board. The anticipated result is annihilation of the entire ship, and depletion of the bomb effect. Another test would then proceed to re-test bomb reuse and ensure that the system does not allow the action. The reasons why these tests are valuable are that they test the game in the sequence that the player of the game feels it firsthand, and the testing design is thus practical and requirement-based[2].
[bookmark: _Toc228554743]6.2 White Box Test Design and Unit Testing
White-box test design emphasises internal paths by techniques like validation of placements, attack fix and bomb counter movement. A solid white-box test does not examine whether a result or not appears right on the first attempt. It verifies that all significant branches have been exercised, such as those of valid and invalid coordinates, overlap checking, single action restrictions and win condition programming. This is particularly significant in Battleships as there are a few features with layered conditions. The counter manoeuvre, say, might entail the system verifying the movement legality, board boundaries and coordinate conflicts prior to it being able to provide a near miss. Design and testing are enhanced when there is specification of behaviour that can be directly validated, and white-box testing is the way to do that by examining systematically rule paths inside the system[5].
Unit testing helps in this strategy because it isolates individual behaviours and verifies them with controlled inputs by repetitions. A placement-validation technique can be tested using winning and losing sets of coordinates and a hit-detection technique can be tested using known board states. A method of using the bomb can be tested once to be successfully executed and retested after use. This makes unit testing the most appropriate to the Battleships game since a lot of the rules of the game can be tested without having to run the entire interface. The importance of repeatable automated checks in aiding reliable software change and the concept is applicable here since a game with changing rules has tests that may be re-executed every time a rule is modified[[endnoteRef:19]]. [19: [] B. Laster, Jenkins 2: Up and Running: Evolve Your Deployment Pipeline for Next Generation Automation. Boston, MA: O'Reilly Media, 2018.] 

[bookmark: _Toc228554744]6.3 Overall Evaluation
In general, the application test design and unit testing design are a key to demonstrating that the Battleships system is not only a user-friendly game, but also an internally consistent rule-based application. Application tests ensure behaviour in real world conditions, whereas unit tests ensure finer logical component with higher accuracy. They both build the traceability between requirements and design, and verification. This is particularly necessary in Battleships since fairness is based on numerous repeated decisions, such as disallowing invalid placement or imposing one-time special action. That is why the design of tests can never be regarded as independent of software design. It is among the primary means according to which the quality of the design that is elaborated on to the Battleships application can be proven and maintained over time.
[bookmark: _Toc228554745]Conclusion
The development and the testing of the Battleships web application show that even the game that is well known by people needs to be approached by disciplined software engineering as it is converted into the trustworthy digital system. The team discussion and object-oriented thinking coupled with the use of structured artefacts like user stories, acceptance criteria, CRC cards, wireframes and supporting diagrams enhanced the design developed in the application. These assisted in breaking down the rules of the overall gameplay into more specific system duties and user-oriented behaviour. Meanwhile, the analysis revealed that quality of design is determined by precision, particularly in areas where amended rules like diagonal placement, the drop bomb and the counter manoeuvre bring about edge cases and state complexity. Testing of software thus became a necessity in ensuring fairness, correctness and maintainability[[endnoteRef:20]]. A combination of black-box testing, white-box testing and unit testing offered a more solid foundation to testing the visible gameplay and the internal logic. In general, the Battleships project demonstrates that successful software engineering requires tight integration of requirements, design and testing during the process of development. [20: [] ACM, "ACM Transactions on Software Engineering and Methodology," dl.acm.org. [Online]. Available: https://dl.acm.org/journal/tosem [Accessed: 06-Apr-2026].] 
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