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[bookmark: _Toc583303848]1. Introduction 
The purpose of this report is to evaluate the design developed for a web-based battleship game. The system was originally planned during a group activity in which we used several different methods to create the model. The methods used included CRC cards, user stories, story maps, and interface design. I will evaluate how effective these methods were for development, along with examining software testing to make sure the system works. 

Battleships is a game based on two players opposing one another. Each player will place 5 ships on a 10x10 grid and take turns selecting coordinates on the opponent's board to attack. The purpose of the game is to find the opponents battle ships and destroy them completely. If a ship is found, it will need to be bombed one at a time. This scenario gives the players abilities to use. The drop bomb can be used once every game. If the drop bomb touches one part of any ship, the whole ship will be destroyed instantly. This means you don't need to guess the size of the ship and which direction you need to bomb it in. The second ability is the counter manoeuvre, which allows one ship to be moved into one square during a game after being initially placed down. These additional features will increase the overall complexity of the system, which will change the design and how it is tested.

The design will be created based on this game, and it will be tested using white box and black box testing methods. A set of test cases will be defined to show how the game can be checked for correct responses. Unit testing will also be utilized, and how white box testing will be used for supporting it will be explained. 

[bookmark: _Toc1753368665]2. System Design Overview 
The design was designed based on a web-based implementation of battleships.  Two players will compete in battleships using a 10x10 grid. The design utilizes special abilities and prioritizes managing player actions and giving feedback to the player. When the game begins, both players can place 5 ships on the grid in any direction/orientation. Once both the players have placed all 5 ships on the grid, the game can begin. The players take turns and select a coordinate on the opponent's grid and attempt to take out their ships. The game will display a hit or miss depending on if a ship was in the grid position attacked; the board is then updated to display the score. The design also adds extra features such as two new powerups. The “counter maneuver” lets players move a ship in a single square in any direction after being placed. The “drop bomb” lets a player destroy a whole ship if only a single piece has been hit.

Several different design methods were employed during system development. The first method used was user stories. User stories helped the team to understand the exact requirements for the players in short, simple descriptions of a feature written in the end-user's perspective. A user map helped to organize these user story requirements into logical sequences. CRC (Class Responsibility Collaboration) cards identified the key system requirements/components as well as the responsibilities, and which components interact with eachother.



[bookmark: _Toc325284556]3. Design Process 
[bookmark: _Toc1124517988]3.1 Design Approach
[bookmark: _Int_ZnwCQpON][bookmark: _Int_W49n4mWh]The design was produced throughout the course of multiple weeks as a group activity. We combined each individuals experience and knowledge into one system design. The design began simple but was improved upon each week, along with any issues being ironed out. We discussed the design and gave feedback each week, so we knew exactly what to improve. The first week we focused on creating user stories to realize the essential features the system requires. The stories included actions such as placing ships and selecting coordinates to attack. 
[image: ]Figure 1: User Stories

Figure 1 depicts the story map used to create a structured layout for creating user stories. This depicts the features required to be in the game. The requirements are listed across the top, and below are the user stories which dictate what players desire. The left side has a key which indicates the importance of a user's story by its color. Essential features are brown, and potential features are orange.

[image: ]Figure 2: CRC Cards

This figure shows the CRC cards which identify the key features of the design, their responsibilities, and how they interact with eachother (collaborator). This was a key step in making a competent design and forming the structure of the system design.

[image: ]
Figure 3: Wireframe diagram

A wireframe was created to create a simple blueprint for how the system should function. It is a foundation that acts as a guide for players interacting with the system.

[bookmark: _Toc1230559855]3.2 Strengths

The main strength for this design was the usage of various design methodologies. We used User stories, CRC cards, wireframe diagrams, class diagrams, and sequential diagrams. This allowed the team to thoroughly plan how the system works. User stories were crucial for early development and defining system requirements.

The story map organized the features listed by the user stories and logically sequenced them. This helped the team understand how the system would function and what essential features needed to be implemented. CRC cards defined the classes, responsibilities, and collaborators. The group identified several key elements and figured out how they interact with each other and what potential conflicts may happen were able to be stopped. Wireframes were a visualization of how users would interact with the system as seen in Figure 3. This helped the groups understand the design, and we could communicate ideas more clearly.

[bookmark: _Toc1800277734]3.3 Limitations
[bookmark: _Int_0UJ2YmFH][bookmark: _Int_wHyswKM3]When creating the initial designs, the team encountered a few pressing issues. The main issue we encountered was group participation. We held discussions once a week regarding the design and not all students were present. This affected the communication of the team, and we had less input from the team when making decisions. This effectively limited the design approaches and may have resulted in mistakes occurring in the final iteration.
Another issue is that some of the features may not have been fully realized in the final design as awell as lacking detail. The team focused on ensuring that the main features were complete, which could have led to other aspects being incomplete. For example, some of the responsibilities overlap such as “Game” and “Board”.

[bookmark: _Toc597157862]3.4 Team Reflection
Working as a team was important in the development process of our system design. We had a total of 8 members, whom each contributed their own ideas and advice which combined greatly improved the work quality. Combining the expertise of everyone meant that any problems could be solved with relative ease, and we could approach certain challenges with different approaches. Crucial tasks such as adding or organizing new features and organizing the design structure were discussed before implementation.

A challenge that arose in the team was participation. Because we had 8 members, it was likely that not all of us would be present most of the time. This affected how we communicated as a team which lessened the amount of feedback we could get as well as increasing workload. This is particularly noticeable against tasks that require coordination between the team members.

However, the team managed to successfully complete the system design within time constraint. Each week we made solid progress on the design due to our combined efforts and communication. This process could have been improved with consistent group participation and engagement.

[bookmark: _Toc1336430097]4. User Stories & Mapping
[bookmark: _Toc1703669253]4.1 Overview
User stories are a description of a software feature written from the end users' perspective [1]. Each story must focus on an action and the outcome that's expected. For example, actions such as starting the game, placing battleships, and using abilities. Focusing on each action allows the team to gauge technical requirements and define what a user needs/wants. 

[image: ]Figure 4: MoSCoW prioritization and color coding
To organize the user stories, we used MoSCoW prioritization. MoSCoW stands for ‘Must’ have, ‘Should’ have, ‘Could’ have, and ‘Won't’ have. It is a method for prioritizing tasks based on its importance [2], which helps the team understand what is important to focus on. Essential features include taking turns and placing ships. Features that aren't necessary but would increase user experience include settings and logging events. After organizing the user's stories, a story map was created to create a logical sequence of events. This would visualize how the game operates from the start of the game to the winner.

[bookmark: _Toc556972918]4.2 Development
During development, the team made sure to judge user stories in a consistent manner for clarity and clear understanding of our objectives. The first user stories created focused on core aspects of battleships such as starting a game and placing coordinates for attack. These features are essential as the game can’t work without it. These user stories were prioritized in order for the system to work. After we made the basic user stories, we focused on developing advanced features such as the two special abilities “drop bomb” and “manouevre” which let you drop bombs and reposition ships respectively. This can affect how the players take turns depending on when the abilities are used.

The story map was essential during development for creating a structured sequence. We grouped main features such as placing ships and using abilities to organize user stories more easily. It also lets us understand how the system progresses from beginning to end, including all the necessary steps. We then used prioritization to support the process, ensuring that the essential features were developed first. It was important to make the key features functional otherwise the rest of the process wouldn't matter. The use of story mapping and user stories made progress simpler for the team and supported us greatly.

[bookmark: _Toc247013305]4.3 Benefits
The key benefit of user stories is that the team could understand exactly what was needed from the design. By focusing on player actions, we know the system requirements exactly which reduces confusion and ambiguity in the team. Another benefit is MoSCoW prioritization. This improved the structure of our user stories, and we could sort the features based on importance so we could focus on essential features as shown in figure 4. This meant we could focus on functionality. We used color coding to sort out the importance of user stories, so you could tell immediately what is important from what we can work on later.

Another benefit is that working in a team environment meant that we could work on different parts of the design, such as 2 people doing user stories and 3 others creating test cases. The team was flexible so we could work on user stories while developing other design aspects. This approach led to a coordinated design and efficient progress by delegating tasks.

[bookmark: _Toc1639779747]4.4 Evaluation
Overall, user stories were effective in the earlier design stages. It was a clear way for the team to define system requirements from the perspective of end-users, and we stuck to defining the core features before anything else. This was the most effective way to identify how the game would happen from start to finish. User stories break down large projects into smaller manageable tasks [3]. 

Some of the user stories also lacked detail, which led to ambiguity when trying to interpret their behavior. This was prevalent with special abilities as they needed clear rules to work. User stories provided a strong foundation for the system design and helped us develop other methodologies such as CRC cards.

[bookmark: _Toc1541101069]5. CRC Cards
[bookmark: _Toc158554789]5.1 Overview
CRC cards (Class, Responsibility, Collaboration) were used after user stories to define the overall structure of the system. Class is used to represent a collection of similar objects, Responsibility is something that knows what that class does, and a collaborator is another class that works together to accomplish its responsibilities [4]. Each card represents a class, the purpose of the task, and what other classes it collaborates with. They were initially created for use in object-oriented software to designate roles for objects and the interactions between them [5]. It was effective for breaking down complex systems into manageable tasks. It made system design much more organized and structured. It eventually became popularized through responsibility-driven design.

[bookmark: _Toc491848683]5.2 Development
CRC cards were produced based on user stories in the initial design. Notable classes include Game, Player, and Leaderboard. Each of these classes had their own responsibilities and collaborations. The leaderboard class was responsible for tracking points whenever a ship was sunk and allocating it to the corresponding player. It also tracked wins or losses after the game is completed. The Game class would manage game state and track player turns. The Player class places ships on the board tracks the usage of special abilities.

Collaborations between characters were also defined. For example, the Leaderboard class needs to ships sunk by the player, and they collaborate to execute that action. The player class needs to interact with both the Game and Ship class to place ships on the board. This system shows how the game communicates with different parts of it.
[image: ]Figure 5: CRC Cards

Figure 5 shows the structure that the team made for the system. Using CRC cards helped break down a large task into smaller components.

[bookmark: _Toc1247474594]5.3 Evaluation
CRC cards overall were a very effective method for supporting our system design. It was a crucial step for defining system components, responsibilities, and how they collaborate. The collaborations allowed for the relationships between classes to be defined early in the design process. This increased the quality of communication in favor of structure. An early limitation is that responsibilities were very general and could be applied to various classes. This meant we had to revisit some classes and reconsider what each of them should do. This was particularly noticeable in complex classes, such as special abilities. Another disadvantage is that it’s hard to show the flow of a CRC card visually. This is because it is not displayed clearly as a diagram. This meant we had to seek alternative ways to visualize the system design such as wireframe diagrams.

[bookmark: _Toc1432017217]5.4 Linking to User Stories
CRC cards were the natural step after creating the user stories. CRC cards show how it supports the actions created initially by the user's stories. This connection keeps the design consistent, and the original design still meets the original requirement. The system design still maintained its quality while being easier to understand. 
[image: ]
Figure 6: Game Class

This figure shows the responsibilities and collaborations of the game class. It shows that game is responsible for controlling the game's actions, and it needs the assistance of the player class to make it happen. This shows how the action and flow get translated into the system behavior.

[bookmark: _Toc1231301512]6. Software Testing
[bookmark: _Toc1580442758]6.1 Use of Testing
Software Testing is the process of evaluating and providing information about the quality of software and if it functions correctly, and any risks of failure it holds [6]. Testing is an important aspect of developing to find any fault in the software that affects user experience to improve reliability. For our system design, testing is used to confirm that every feature works. This is important for features that follow strict rules, such as the “Game” class which needs to place ships on the board and track player moves. The rule for this class is that it must have enough space on the grid to place the battleship, and it can’t place the battleship outside of the grid. Testing is necessary to ensure that these rules are enforced/work correctly, which is crucial for gameplay. Preventing invalid actions is important for a stable system. Overall, software testing is essential to verify that the system design works properly and prevents unwanted actions, especially since battleship is a user-driven game focused on user interaction.


[bookmark: _Toc1858202167]6.2 Black Box Testing
Black box testing is a type of software testing where you test a system without any prior knowledge of its inner workings. It tests the user’s perspective and checks for a correct input taken from the initial input[7]. This is a suitable method for the battleship system because it is majorly focused on user interaction. When a tester places a ship, it be either accepted or rejected based on whether it follows the rules. This type of testing is also suitable for special abilities. The expected outcome is that the drop bomb should take out an entire ship if it only touches one part of the ship. The tester doesn’t need to understand how this works, just that they input an action, and they get the expected outcome. 

Black box testing involves techniques such as boundary value analysis and equivalence partitioning. Equivalence partitioning takes inputs and groups for them together, sorting them into valid and invalid categories. Boundary value analysis uses edge cases, both techniques ensure that scenarios work effectively.

[bookmark: _Toc1126106884]6.3 White Box Testing
Whitebox testing involves testing the internal structure and working of software [8]. This is the opposite of black box testing; you examine how the system processes the inputs and test conditional statements. Whereas black box testing requires no prior knowledge, white box testing requires you to know how the system is structured and how the logic works. For example, you would check the logic between the system changing players for each turn. This logic needs to be tested so that it can work under different types of conditions. The types of coverage include Covering all decision paths, running every line of code at least once, and checking every possible path the game can take [8]. Another important test case would be checking for ship placements overlapping. The conditional statements could be checked to see if the rules are successfully enforced, and it works in every different position/edge case. This is a useful approach for finding any backend errors that are invisible using user interaction.

[bookmark: _Toc1688701869]6.4 Comparison 
Black box and white box testing both focus on system functionality to ensure it performs, but they focus on different areas. Black box testing focuses on how the user perceives the system without any knowledge of its inner workings. The user gives an input and expects the correct output without knowing how the process happens. This is effective for players testing gameplayer features such as placing ships and placing coordinates.

White box testing is focused on the developer aspect of the system. It assumes you have prior knowledge of coding and the inner workings of the software. The tester will have access to the source code and will create test cases to verify that conditionals and code paths work as expected. This type of testing is suitable for finding hidden errors and rule validation.

The difference between the two is the level of access and visibility. Black box testing means you don’t need any knowledge of the software, while white box testing requires a good understanding of how the software works and how the code functions. Black box testing is a lot easier to apply since practically anyone could do it. However, it only addresses surface level bugs. Whitebox testing sees through the software to identify deep rooted issues which require a great technical understanding, or it might make it worse.

[bookmark: _Toc216019038]6.5 Testing Code
To test the code, it's important to focus on the individual parts of the system separately, breaking it down into manageable tasks.  This is like black box testing, instead targeting specific parts instead of the entire system. To test the battleship software, functions for playing the game would be the first to test. Key functions for ensuring ship placement and that's not out of bounds. This can be tested by using various ship sizes and different orientations so that it can work in any scenario.  

Another important function would be determining turn management. This function ensures that switching the players controlling the board for each turn works correctly. This was tested by simulating several games, ensuring that each player was selected correctly.

The attack process is another important feature. This is the function responsible for telling players if coordinates result in hits or misses. Testing would include placing coordinates on multiple different positions and ship types, seeing if the correct outcome is displayed.

[bookmark: _Toc695941696]7. Test Case Design
[bookmark: _Toc1592718993]7.1 Overview
Test cases are detailed documents created for the purpose of testing features of software. Simulated scenarios are created to check if the system performs as expected. The test case will contain an action, input, and the expected outcome. This is a controlled way to test the software and can be repeated many times. In the battleship system, we can use test cases to verify each feature works. The battleship system depends on user input, which is effective for test cases; we can list how each input responds. Test cases are similar in nature to black box testing. The tester does not need to understand how the software works internally, just whether their input gives the correct output. 

Test cases are also used to identify edge cases. This includes scenarios where you attempt to break the rules such as placing battleships outside of the grid bounds. Testing each of these scenarios made sure that you could play a reliable game of battleship without bugs.


[bookmark: _Toc528359117]7.2 Test Cases
	Test ID
	Objective
	Input
	Expected Output

	TC_01
	Placing a ship outside of the grid
	Place ship at (10,11)
	The ship is rejected and must be replaced.

	TC_02
	Placing a ship onto of another ship
	Place a ship on an occupied placement.
	Placement is invalid, and you are prompted to try again.

	TC_03
	Validating ship placement
	Place a ship at (3,4)
	Ship is correctly placed.

	TC_04
	Hitting a target
	Place coordinate over an enemy ship.
	Grid and ship are both marked as hit.

	TC_05
	Missing a target
	Place coordinate over empty space.
	Grid is marked as hit but no ship is affected.

	TC_06
	Counter Manoeuvre (placing ship on top of eachother)
	Attempt to put ship on top of another ship
	Deemed an invalid move and forced to replace.

	TC_07
	[bookmark: _Int_yMQY34qm]Counter Manoeuvre (valid move)
	Move ship one square in any direction
	The position is valid and the grid is updated.

	TC_08
	Drop Bomb
	Use ability on ship, whole ship is destroyed
	[bookmark: _Int_XMxgUgJf]Grid is marked as hit, and the entire ship is destroyed.

	TC_09
	Ensure turns alternate between players
	Player 1 turn ends
	Player 2 begins turn

	TC_10
	Drop bomb cant be used twice
	Player uses drop bomb twice
	Second attempt doesn't work




[bookmark: _Toc1331570370]8. Unit Testing 
[bookmark: _Toc1228964969]8.1 Principles 
Unit testing splits the system into smaller parts to test it in isolation. The parts that are tested are individual functions/methods. The goal is to test each function from a given input and check that it gives the correct output. The purpose is to identify errors before it is combined with other system components. One of the key principles of testing is to keep repeatable and consistent testing. This means each test should be repeated several times to ensure the outcome is the same. Inconsistent results mean there is a problem with your method and can cause confusion. Repeatable tests are crucial for regression testing. Software should work before making any changes. Consistency means that the software should function on many kinds of machines. If it succeeds on one machine but fails on another, it needs to be addressed.

[bookmark: _Toc410106388]8.2 Application to Battleships
Each function related to battleships will be tested using different inputs each time to ensure that the response is consistent. This will be used numerous times for each function in the battleships. Ship placement validation needs ships to be placed inside the grid. This will ensure that invalid placements are rejected thus preventing errors. Unit testing will use various types of inputs to find valid and invalid inputs to ensure that the functions’ rules are validated. Managing turns is another important task that can be validated with unit testing. Its responsibility is to alternate turns between each player. Unit testing can simulate multiple games to check that each player gets a turn each time.

Special abilities have special rules that need to be tested. Drop bomb and counter manoeuvre can only be used once per game by each player and have movement/destruction properties. These need to work consistently, or the game will not function. Thorough unit testing means you can identify any important errors independent of each component.

[bookmark: _Toc1254813937]8.3 Relation to White Box Testing
In essence, unit testing is testing every piece of code which makes it Whitebox testing. It tests functions, classes, and methods which are verified using white box testing methods [9]. However, they do differ in the fact that Whitebox testing examines how inputs broadly impact the system, while unit testing focuses on individual components.  Unit testing for battleship includes checking logic for each function, which requires the user to understand how each condition works and how it is implemented. This approach allows for every possible decision path within a function to be tested. The attack process can result in two different outcomes: a hit or a miss. These two outcomes can be tested to ensure it behaves correctly. Unit testing is similar in Whitebox testing in the fact it breaks down components into smaller manageable tasks.

[bookmark: _Toc81928404]9. Version Control
Version control is the practice of managing and tracking software changes in code [10]. This is typically practiced through software tools that document changes to source code as development progresses. It allows you to return to earlier versions if the current build is not working. The most popular and widely used version control software is Git. It takes snapshots of files at specific moments to return if necessary.

The main advantage of using Git is that you can keep a local repository of all the past commits and versions made over time. This means you can keep a backup of your work on your machine, if errors occur, you revert to your older version, and in the case of no internet you can work locally. By making snapshots at specific times, you can identify what errors were made and when which helps with troubleshooting. This supports debugging and reduces the risk of data loss.

Branching and merging are other key advantages. Branching is a way to split off from the main path of development to work on additional features or fixing bugs. Branches are lightweight and switching between branches is very efficient. This is very useful for working with multiple people. Multiple developers can work on a project by using branches. Branches can be merged to maintain a consistent version. This is a particularly useful feature for teams. One member can work on bug fixing, and another member works on additional features.

In the battleship system, Git was utilized because of version control. We made a repository with commitments to track the stages of development. Snapshots were taken of the Git logs and attached to the appendix to show development stages. Version control is essential, especially in team environments. It may be complex for beginners, but its advantages in reducing risk and tracking changes are a massive benefit. The advantages outweigh the disadvantages. Git helped this project by allowing changes to be made with user stories and tracking the creation of CRC cards. We could review precious versions and revert to them if any problems arise.

[bookmark: _Toc1514580368]10. Conclusion 
This report documented and evaluated the design process of creating a web-based battleship system solution. The team used a wide array of design methods to aid development. The most useful of which were user stories cards and wireframe designs. These designs visualized how the system should be organized and how each component of the system connects to one another. User stories were effective as we used them in the first stage of the design process. The story map is built upon the user's stories by putting them in a logical sequence that visualizes game progression. This helped the team understand how the game works from beginning to end. Testing was another major steppingstone for designing. We used both black box and white box testing for user perspectives and analyzing internal code. Unit testing looked at each individual system function while test cases showed how the game was tested in practice.
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Figure A1: Git commit logs
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