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1. [bookmark: _Toc60913618]Introduction.
The report below critically evaluates the design created by the author and their agile team based on the game connect 4. It looks at the individual sections of the design, identifying the strengths and weaknesses they bring. Software testing is also discussed, being a vital part of software engineering, it assures the end product will be of a high standard. 
2. [bookmark: _Toc60913619]Overall design.
The design created contains a user story map, CRC cards, a sequence diagram and wire frame diagrams which help to provide a very detailed outline of the required end product. Having a good software design before starting to code makes it much easier for the developer to maintain the software, allowing them to spot how much the introduction of a new feature or bug fix will change the initial design. [1]
Working in a team over the space of 3 weeks has allowed for different opinions on each section of the design along with fresh minds reviewing each part. Working in a team also helps to develop a more successful product providing a positive experience for end users and preventing both coding and development mistakes. [2] It is highly beneficial to work in agile teams on software development as it allows for multiple opinions on each section.
Producing this design before looking into development, allowed for the team to ensure the program included the correct functionality and workflow the users were expecting. It also helped to ensure the team were comfortable that the plan fully met the requirements before jumping into any coding. The writer thought that this approach was very successful and allowed for quick implementation once the design stage was complete. 
[bookmark: _Toc60913620]2.1 Primary goal.
The first thing looked at when discussing the design was the primary goal of the software and its acceptance criteria. Developing a successful acceptance criteria will avoid any errors or results that weren’t expected at the end of the development stage. [3] This is highly beneficial and helps to create a successful and well written application ensuring all involved are happy with the end product.
It is highly beneficial to establish a primary goal at the beginning of the design stages as they help to focus attention and motivate the agile team to create a suitable piece of software. [4] The primary goal can then be looked at at the end of implementation to determine whether the goal has been fulfilled. It can be damaging to a company to have more than one main goal for their software, as it confuses the organisation on which route to focus on. [5] The one primary goal chosen by the agile team is shown below.
“For 2 players to play a game of connect 4 with amendments to the traditional rules”.
This goal was decided as it clearly delivers the main purpose of the software along with a slight change to the rules. From this, the team will be able to accurately code the game to be multiplayer keeping in mind that there are amendments in place, getting a clear image in mind. The goal above is very clear and direct, allowing no chance for any member of the team to get confused or unsure of the programs purpose.

[bookmark: _Toc60913621]2.2 User stories and user story mapping.
The initial stage of design included creating a user story map and in order to complete this to the best of their ability, the writer and their agile team had a detailed discussion and developed a plan shown below.
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Figure 1 : Planning the user story map.

A user story map outlines the activities and tasks the users undertake whilst using the product. Planning the user story map before starting to implement any code allowed for the team members to engage into a deep discussion about the individual aspects of the project, creating a detailed plan with everyone’s opinions. The agile team found this to be very successful as they were able to jump back and forth to each section changing things without getting confused. From this, the team then put all of their finalised ideas down from the above plan into the user story map shown below.

[image: ]Figure 2 : User story map.
User stories are used in Agile teams to describe in detail what is required from their product, this is done through establishing who wants it, what they want and why they want it. User stories help to ensure both the user and developer interpret the product requirements in the same way. [6] User stories are simple to read and understand which help to provide a shared understanding of the end product. [7] A user story is vital for any company introducing a new project as it allows for the team members to collectively share their opinions and create a full detailed plan of what they expect to happen in order. A user story map contains multiple user stories to illustrate the overall project, some of which are described in detail below;
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Figure 3: User story 1.
The user story above was created based on the task to ‘pick a difficulty’. It was necessary to include this feature into the game to ensure all games are played as fairly as possible. Players can work their way through the abilities once they are confident with the level before. This user story is beneficial to the game as it allows players to only play against those of the same ability, creating a fun and fair environment for all players. Including this feature into connect 4, also introduces a competitive side, encouraging players to develop their skills in the game and move up the difficulty levels confidently. This user story is vital to the game, intriguing new players.
[image: ]
Figure 4: User story 2.
This user story above fulfils the main purpose of the game which is to drop counters in your preferred row to attempt connect 4. This is story is vital as it enables the users to be able to win the game. This is very beneficial to include in the user story map as without it, the main aim of the game won’t be fulfilled.
[image: ]
Figure 5: User story 3, 4 and 5.
The above 3 user stories were made to allow users to play with different players of the game. Giving the option for users to choose how their opponent is selected is beneficial to provide them with an enjoyable experience. It was decided to include letting the user choose their own opponent of similar ability giving them their own choice keeping the game fair on both players. The second option is to allow the game to randomly select their opponent making the game interesting, minimising the chance of you playing against the same player twice. The final option is to send a friend a code to play against which is highly beneficial as it makes it more intriguing to a wider audience as they are able to choose their own opponent. 
These three user stories are extremely beneficial to the game, giving the user a choice of how they would like to play.

[image: ]
Figure 6: User story 6 and 7.
These two user stories are included to give the user an option as to what they want to do once finishing a game. Allowing them to either exit the session or replay the game is beneficial because users are able to start again without having to load the software again also giving individual choice as to what they want to do once finishing.
The user stories above along with the remaining user stories created in the user story map, provide the player with multiple choices they get to make to ensure their experience in the game is enjoyable. This is a major benefit for the game. 
[bookmark: _Toc60913622]2.3 CRC cards.
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Figure 7: CRC cards
CRC cards allow the agile team to investigate into more depth at each individual section of the design, identifying links between them. All members of the agile team were able to collaborate and put all of their ideas together to make the CRC cards above as successful as possible.
The Player card holds all of the users’ responsibilities outlined in the user stories above, making it clear what the player does for example signing into the app and picking a username. Players of connect four also collaborate with the game and the counter, choosing an icon from the list the game displays and choosing a colour the counter set’s itself to. This information is vital to make the implementation quick and easy.
The Game card holds all responsibilities of the game itself such as providing the user with a list of available icons to choose from and starting the actual game. The game also collaborates with the player and grid, providing the list of icons for the player to choose from and displaying the grid.
The Counter card holds the responsibility of the counter which is to set its colour which has been chosen by the player. 
The Grid card holds all responsibilities of the grid such as positioning the players counter and resetting the grid to play again. The Grid also collaborates with the game and the counter, restarting the grid so the game can be replayed and positioning the players’ counter.
The CRC cards created are very detailed and are vital to the overall design as they illustrate the exact responsibilities each class has and which other class they work with. Having detailed CRC cards is highly beneficial when it comes to implementing the code as all of the necessary information is in one place. The CRC cards were built by the agile team based on the simplified user stories created, they’ve been evaluated and developed providing more detail on the stories. CRC cards promote discussion within an agile team and allow all team members to put across their opinions and what they think should be included and where within the CRC cards. From this stage, the agile team were able to evaluate the user stories previously created and expand on the detail.

2.4 [bookmark: _Toc60913623]Sequence diagram.
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Figure 8: Sequence diagram.
Sequence diagrams are used to illustrate how the product will work along with how the objects interact with each other. [8] A sequence diagram is vital to include in the design stage as it allows the team to see the overall idea in a more detailed view, making it easier for implementation. Sequence diagrams are primarily used to explore a project in mind once the majority of planning has taken place, they show all of the tasks that will take place along with the responses of the game. A major benefit of sequence diagrams is that they can be updated very easily, allowing for last minute changes. [9]
The sequence diagram above created by the agile team, includes a large amount of detail on all aspects of connect 4. This is highly beneficial as it saves them valuable time at implementation. This stage also allowed for the agile team to chat amongst them, evaluating each individual step of the game, determining whether any changes need to be made. Developing the sequence diagram was a vital stage for the team as this was the first stage they were able to see their collective ideas in a clear format. 
[bookmark: _Toc60913624]2.5 Wire frame diagrams.
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Figure 9: Wire frame diagrams.
Wire frame diagrams provide a visual representation of how the processes and system will work. [10] Creating this in an agile team allowed us to all put our input in to decide what we would like the user interface to look like, identifying strengths and weaknesses of each design. This was the final planning stage, which is highly beneficial, allowing the team to see if there were any parts of the design that didn’t work. The agile team were able to go through each individual stage together, pointing out what they thought needed to be included in the main design, referring back to previous planning stages ensuring everything necessary was included. As you can see from the diagram created above, each individual stage has their own wireframe which gives a clear representation of the entire program.
Wire frame diagrams are beneficial as they make the development stage much easier since the programmer already has a clear picture of what they want the game to look like. Wireframing is a vital part of the software development process which allows programmers to see the results of your program before any implementation takes place. [11] Wireframes also help to show the users what the game is expected to look like before any coding takes place, giving them a clear understanding of what will be developed. [11]
2.5 [bookmark: _Toc60913625]Strengths and weaknesses.
Although the approach described above that the agile team decided to go with worked extremely well for them, there are a number of strengths and weaknesses. 
One main weakness of the approach taken is that once the design process has started, it is very hard for the programmers to change the design. In most scenarios, the design created so far would have to be scrapped and started again as all individual sections of the design work off each other. This could be very damaging to the project as it wastes valuable time, possibly pushing back when the project will be complete and missing a deadline.
A second weakness that the agile team found was that this approach makes it very difficult to plan in advance, everything needs to be done in the set order to get the best outcomes. When starting to plan the design, the agile team tried to jump straight into the user story map before realising they needed to take a step back and look at the overall plan for the project first. If this wasn’t picked up in the early stages, this could’ve been very damaging, wasting valuable time.
Although the two weaknesses above can be very damaging to a project, the strengths below clearly outweigh them.
The approach detailed above allowed for multiple opinions given on the individual sections, creating a more detailed and evaluated overall design. These discussions are shown in the appendix. This is a major strength for the project, gaining a better understanding on the approach taken.
This design approach also makes it much quicker when it comes to the implementation stage, as a fully detailed plan was created and evaluated beforehand. This is a major advantage as it saves the software development team valuable time. It is also much harder to correct any issues found in the implementation stage compared to when they are found at the design stage, also saving the team money.
It is also much less likely for errors to occur at the implementation stage as each individual part of the approach has been thoroughly evaluated and discussed as a team, pinpointing any errors found. These discussions are shown in the appendix.
3 [bookmark: _Toc60913626]Software testing.
The only way to ensure there are no unexpected features in your program is to go through software testing, making it vital to any project. [12] Software testing also makes sure that software is reliable and efficient. [13] It is extremely important that software testing takes place in any project to ensure there are no errors in the code or design. Alongside the points mentioned, software testing can also save the company a lot of money in the long run due to the fact that the issues will solved before any bigger errors happen. [14] At this stage, the tester is also able to determine whether or not the product works alongside the expected requirements. 
[bookmark: _Toc60913627]3.1 Black box and white box testing.
There are many ways to test in software development, with black box and white box testing being two of them. Black box and white box testing are two completely different approaches to software testing which have many differences. 
White box testing is a logic-driven approach to software testing which allows you to examine the internal structure of a program and test the data found. For example, a tester would examine the main source code of a project to ensure it is written right and has a correct flow. 
[image: Software Testing Tutorials - Manual and Automation Questions Answers: White-Box  Testing Definition, Example, Application, Advantages, Disadvantages]
Whereas, black box testing is a type of data driven testing which isn’t concerned with the internal structure, but instead looks at the project specifications to determine if it is working correctly. There are two different types of black box testing which is functional testing and non-functional testing. Functional testing is concerned about the specific behaviour of the program, giving a set of inputs to evaluate the output displayed. For example, does clicking onto a button display the correct page? Non-functional testing is more aware about testing the performance of the program rather than looking at behaviours, for example determining whether the program is fast enough.
[image: Black Box Testing Technique, its Types & Approaches with Example]
There are also two main test strategies for black box testing which are ‘Test to fail’ and ‘Test to pass’. Test to pass’ goal is for the program to successfully pass all tests thrown at it, without breaking any code. Whereas test to fail is set up to interrogate all aspects of the program, forcing common errors out. 
Black box testing is a simpler way to test a program is working correctly, not requiring any implementation knowledge therefore usually being carried out by testers. [15] However white box testing is more time consuming, requiring both implementation and programming knowledge being carried out by software developers. [15]
The main benefit of black box testing is that it’s extremely efficient for projects with large amounts of code. This saves the tester a large amount of time, avoiding examining each line of code. Whereas the main benefit of white box testing is that it allows the tester to remove certain lines of code in an attempt to find any defects they hadn’t seen initially. 
[bookmark: _Toc60913628]3.2 Testable code.
Testable code is code that is easy to test and is more maintainable. [16] Only certain software can be completely tested and done efficiently, this software must contain testable code. There are many requirements which are considered to help testability in code which includes being a simple application or software. Simple code allows for an easier and quicker test, not over-complicating the test conditions. The software should also have a list of requirements / specifications which the tester is able to refer to, in order to ensure the test results are what is expected. 
[bookmark: _Toc60913629]3.2.1 The importance of Testable code.
Testable code is vital as it allows any last-minute changes to be changed quick and of a very little cost with the use of automated verification. [17] This is very important as changes can be necessary on a project, which could end up costing the company a large amount of money to make without automated testing. 
Although creating testable code requires more effort and concentration, ensuring it is correct, it has a major advantage being that it is easily understood by a range of people and easy to maintain. [18] This makes testable code vital as it allows more people to be able to test the program, not only the software developers. 
[bookmark: _Toc60913630]3.3 Version control software.
Version control is a software that lets you track any changes that are made to files over time, allowing multiple people to work on the same project and all having the latest updated code. [19]
‘Version control software is a key tool in the software development process’
The writer agrees with the above statement suggesting version control is vital due to it’s many advantages. The main strength of version control is it’s ability to track all changes and keep a record of them, this is important as it allows new members to the team to see how a specific section of the code has developed over time to become its current state. [20] This is vital to a team as it ensures all members have a clear understanding of the software. 
Another vital strength of a version control system is that every time a team member updates the software, they are creating a back up on their own machine. This is important as it keeps all data secure with a lower risk of losing it is a server fails, due to the fact all team members should have a back up stored on their own machine. [20]
As well as keeping a log of the changes made, Version control also keeps track of which team members made which changes. This allows all of the team members to be able to see what changes where made by who and when, increasing accountability and security. 
For a team working on a development project, Version control software is extremely beneficial for increasing collaboration, accountability and security [21], therefore being a key tool in the software development process. 
[bookmark: _Toc60913631]3.3.1 GIT and it’s uses.
Git is a type of version control software -as described above- that focuses on tracking any changes made in a set of files, created for software programmers. Tracking the changes in files is vital as this allows for all users to see exactly where a section got changed, making it easier to correct if there are any issues. To track changes, the user must initialise their local repository, changing it to a git repository which is vital before the user does anything else. Once this has been done, the user is also able to list the contents of the directory to be able to see everything that it contains. See the appendix 5.2.1 for the git logs of this. 
Git allows for its users to add certain files to the repository that they would like git to track, after adding these files, git will be able to track any changes made to them. Once the files get created, they are immediately sent to the staging area ready to be added to be tracked. Once they have been added and able to be tracked, they must be committed. Committing a file gives the user a unique ID and commit message describing why the changes were made. To commit a change to a file that’s being tracked the user must leave a short message describing why they have made the change, this is beneficial so that other members of the team understand why they were made. See the appendix 5.2.2 for the git logs of this.
Once a file has been updated or changed, it must be re added to the staging area and committed using git to ensure there is a history of all changes made. See the appendix 5.2.3 for the git logs of this.
 Alongside this, git also has a remote repository located in the server and a local repository which is in the developer’s computers. [22] However, one of git’s major advantages is it’s branching capabilities, allowing developers to branch from the original code base making it easier to work with other developers. [23]
Another massive benefit that git offers is its ability to set an author name and email for the repository so that any changes made by that user will be stored under their name. This is highly beneficial for data security and if something goes wrong. These details will be held in the global git config file which be accessible by all users to see who’s made what changes. See the appendix 5.2.4 for the git logs of this.
One of the initial commands that can be input into git is the code to display the version of git that the developer has downloaded onto their machine. To see these git logs please look at appendix 5.2.5. This is a very beneficial feature as it shows the user if they are using the correct version or not. The user can also get help on git by typing in another line of code which will then display all necessary help information. 
Git also allows for its users to change from the default editor (VI editor) to an editor of their choice. This helps to accommodate for inexperienced users. To see these git logs please look at appendix 5.2.6.
Due to the main purpose of version control software (git) being to track and keep a record of all changes, it is important that unnecessary files aren’t saved such as .exe and .obj. These files need to be ignored as they are files that are executed in the commands. A major use of git is that it allows for its users to tell git ignore certain files when the git commands are executed. This is a huge benefit so that not everything is saved and wasting storage.
3 [bookmark: _Toc60913632]Conclusion.
The design approach taken by the agile team proved to be very successful and provided them with a lot of advantages at the implementation stage. The agile team worked extremely well as a team, collaborating ideas and evaluating the overall design together multiple times. Software testing is a key part of the software development process, ensuring all aspects of the project are correct and working as they should.
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4 [bookmark: _Toc60913634]Appendix. 
5.1 [bookmark: _Toc60913635]Discussion logs.
First meeting – 30/11/2020
All team members were present in this meeting.
We started developing our user story map.
Define the main goal for us
· “To create a two-player game of connect 4”
Define the main goal for the users
· “To be the first to get 4 in a row”

Questions we’ve come across 
· Are you looking for the design to be web application or console? 
· If you capture 3 in one go is there a hole?
· The counter drops into the hole, or does it stay empty to be filled by next dropped counter?
· If there’s 2 counters above, do both counters drop down?

Plan of action
Come up with a list of what we think we need to do and compare next week to come up with a group list.

Second meeting – 4/12/2020
Mark, Ewan and Gemma were present at this meeting but Lowri wasn’t.
This is the meeting I missed.
The full plan was developed for the activities and user tasks.
The primary goal was also updated to the following.
“For 2 players to play a game of Connect 4 online
with amendments to the traditional rules.”

Plan of action for next meeting
To look back over the plan created today and see if there’s anything else to add. 
Start to look at user stories.

Third meeting – 7/12/2020
All team members were present in this meeting.
We firstly went over the full plan developed last week.
At this point we were able to create a full list of the user stories needed. 

Plan of action for next meeting
To look back over the list of user stories to see if there’s anything else to add.
Look at creating CRC cards.

Fourth meeting – 9/12/2020
All team members were present in this meeting.
We all looked over the user stories created and all team members were happy with the list and nothing needed to be changed.
CRC cards
· We all firstly went through the user stories and picked out the classes we identified.
· From this we started to develop our CRC cards with responsibilities and collaborators.
· We managed to finish the majority of the CRC cards in this meeting

Plan of action for next meeting
Finish CRC cards
Look at the CRC cards created and see if there is anything missing

Fifth meeting – 10/12/2020
All team members were present in this meeting.
During this meeting we all looked through the CRC cards we had started last week and had a discussion on it.
We had decided that we needed to alter some of the collaborators as they didn’t all suit.
After this had been done, all of the CRC cards were finished during this meeting.
Once the CRC cards had been finished, we all had a discussion about sequence diagrams ensuring all team members understood what we were doing.
We then started the sequence diagram.
Plan of action for next meeting.
Finish the sequence diagram
Start wire frame diagrams

Sixth meeting – 14/12/2020
All team members were present in this meeting.
In this meeting we completely finished the sequence diagram and discussed it ensuring we were all happy.
We also started our wire frame diagrams in this meeting.

Plan of action for next meeting
Finish wire frame diagrams
Go over everything to make sure we are all happy with what we have done.

Seventh meeting – 15/12/2020
All team members were present in this meeting.
In this meeting we finished the wire frame diagrams as a team.
We all went over the whole finished design we had created and had a deep discussion and decided we were all happy with what we had done. 

5.2 [bookmark: _Toc60913636]Git logs.
[bookmark: _Toc60913637]5.2.1 Initialise and display the repository.
[image: ]
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[bookmark: _Toc60913638]5.2.2 Committing and tracking files.
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5.2.3 [bookmark: _Toc60913639]Changing files.
[image: ]
5.2.4 [bookmark: _Toc60913640]Author and Email for the repository.
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5.2.5 [bookmark: _Toc60913641]Version and get help
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[bookmark: _Toc60913642]5.2.6 Core editor 
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5.3 [bookmark: _Toc60913643]Coding the application
*NOT IN THE ORDER THE APPLICATION WAS WRITTEN*
[image: ]
To program the game of connect 4, I used https://gist.github.com/MichaelEstes/7953391 for reference purposes for certain aspects of the program.
4.3.1 [bookmark: _Toc60913644]Code of the game.
Program.cs
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;



// The namespace below creates a wrapper for the entire program calling the program a key name. 
namespace SoftwareAssignmentYear3
{
    class Program
    {
        static void Main(string[] args)
        {
            // The code below saves the two players variables to the structure above 'PlayerInfo' to be used throughout the program.
            PlayerInfo player1 = new PlayerInfo();
            PlayerInfo player2 = new PlayerInfo();

            // The code below creates the board.
            char[,] board = new char[9, 10];
            
            // It is important to include the below line of code as this tells the player exactly what the game is.
            Console.WriteLine("Welcome to our game of Connect 4");

           // The code below will make the player have to click enter before the next line of code appears.
            Console.ReadKey();

            // The code below  makes the player choose their difficulty level. I have given the players the option to choose their
            // difficulty level however I have only created the beginner level of the game. If I did complete the other 2 levels
            // I would make the grid smaller each time making it harder to connect four in a row. I have explained this in the appendix of my report.
            Console.WriteLine("Please choose a difficulty level - NOVICE(1) OR INTERMEDIATE(2) OR EXPERT(3)");

            // The code below saves the difficulty level chosen into the variable difficultyLevel.
            string difficultyLevel = Console.ReadLine();

            if (difficultyLevel == "1")
            {
                Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Novice.");
                    Console.WriteLine("Good luck and enjoy the game!");
            }
            else if (difficultyLevel == "2")
            {
                Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Intermediate.");
                Console.WriteLine("Good luck and enjoy the game!");
            }
            else if (difficultyLevel =="3")
            {
                Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Expert.");
                Console.WriteLine("Good luck and enjoy the game!");
            }
            else
            {
                Console.WriteLine("You have entered an incorrect number!!! Please try again and only enter 1, 2 or 3!!");

                Console.WriteLine("Please choose a difficulty level - NOVICE(1) OR INTERMEDIATE(2) OR EXPERT(3)");
                string difficultyLevelNew = Console.ReadLine();

                if (difficultyLevelNew == "1")
                {
                    Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Novice.");
                    Console.WriteLine("Good luck and enjoy the game!");
                }
                else if (difficultyLevelNew == "2")
                {
                    Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Intermediate.");
                    Console.WriteLine("Good luck and enjoy the game!");
                }
                else if (difficultyLevelNew == "3")
                {
                    Console.WriteLine("The difficulty level you have chosen and that you will be playing for the next game is Expert.");
                    Console.WriteLine("Good luck and enjoy the game!");
                }
            }
        
            // The code below will make the player have to click enter before the next line of code appears.
            Console.ReadKey();

            // The code below makes the players enter their names into the game which will then be displayed throughout the program. The names are stored into playersName in the structure above.
            Console.WriteLine("Player 1 - Please enter your name : ");

            // The code below sets this player as player 1.
            player1.playersName = Console.ReadLine();

            // The code below sets the player 1's counter to 'O'.
            player1.playerCounter = 'O';

            // The code below shows the player which counter they are.
            Console.WriteLine(player1.playersName + " your counter is " + player1.playerCounter);
            Console.ReadKey();

            // The code below makes the players enter their names into the game which will then be displayed throughout the program. The names are stored into playersName in the structure above.
            Console.WriteLine("Player 2 - Please enter your name : ");

            // The code below sets this player as player 2.
            player2.playersName = Console.ReadLine();

            // The code below sets the player 2's counter to 'X'.
            player2.playerCounter = 'X';

            // The code below shows the player which counter they are.
            Console.WriteLine(player2.playersName + " your counter is " +  player2.playerCounter);
            Console.ReadKey();

            // Starting the game.
            string starting;

            // Giving the player the option to start the game or end the program
            Console.WriteLine("Are both players ready to start the game? YES OR NO!");
            starting = Console.ReadLine();

            // Creating an IF statement to either start the game or end the game
            if (starting == "NO")
            {
                Console.WriteLine("You have chosen to end the game");
                Console.ReadKey();
                Environment.Exit(0);
            }
            else if (starting == "no")
                {
                Console.WriteLine("You have chosen to end the game");
                Console.ReadKey();
                Environment.Exit(0);
            }
            else if (starting == "No")
            {
                Console.WriteLine("You have chosen to end the game");
                Console.ReadKey();
                Environment.Exit(0);
            }

            // The code below creates 4 int variables to be used later on in this program. Putting the value of 0 inside 3 of them.
            int chosenColumn;
             int full = 0;
           
             int win = 0;
             int done = 0;
            DisplayTheBoard(board);
       
            // I have chosen to use a do-while loop for this section so that the statements blocks are executed at least the once before the loop reaches the while expression.
            // The loop below drops each players counter in their chosen column. The loop also uses the function DisplayTheBoard to display the new version of the board. The loop also uses the function CheckForFour to see if a player
            // has won by checking for four in a row. 

            do
            {
                chosenColumn = PlayerDrop(board, player1);
                CheckColumn(board, player1, chosenColumn);
                DisplayTheBoard(board);
                win = CheckForFour(board, player1);

                // If player1 has won, the function PlayerWins will be executed. And only when this happens the function Restart will be executed. And only when this happens, if the value entered is equal to 2, the loop will break.
                if (win == 1)
                {
                    PlayerWins(player1);
                    done = restart(board);
                    if (done == 2)
                    {
                        break;
                    }
                }

                // If Player1 hasn't won, the same code will be executed for the second player.
                chosenColumn = PlayerDrop(board, player2);
                CheckColumn(board, player2, chosenColumn);
                DisplayTheBoard(board);
                win = CheckForFour(board, player2);

                if (win == 1) 
                {
                    PlayerWins(player2);
                    done = restart(board);
                    if (done == 2)
                    {
                        break;
                    }
                }
                
                //The code below checks if the board is full or not by using the function FullBoard. If the board is full, the program will tell both players it is a draw and use the function restart to restart the board.
                full = FullBoard(board);
                if (full == 7)
                {
                    Console.WriteLine("It's a DRAW!!");
                    done = restart(board);
                }

            } while (done != 2);
        }

        // Outside of the main, I have created 7 functions that will only be displayed once the individual function is called.

            //PlayerDrop will drop the players counter in their chosen column of the grid.
        static int PlayerDrop(char[,] board, PlayerInfo activePlayer)
        {
            int chosenColumn;

            // This section of the code will tell both players which players' turn it is and tell them to choose which collumn they would like to drop their counter in.
            Console.WriteLine(activePlayer.playersName + " it's your turn to drop a counter");

            // I have decided to use another do-while function. This code will tell the player to choose a column.
            do
            {
                Console.WriteLine("Please choose a column between 1-6");
                chosenColumn = Convert.ToInt32(Console.ReadLine());
            } while (chosenColumn < 1 || chosenColumn > 6);

            // The while loop below will tell the player that the column they've chosen is full if they choose one that is.
            while (board[1, chosenColumn] == 'X' || board[1, chosenColumn] == 'O')
            {
                Console.WriteLine("Please choose another as that one is full :");
                chosenColumn = Convert.ToInt32(Console.ReadLine());
            }

            return chosenColumn;
        }


        static void CheckColumn(char[,] board, PlayerInfo activePlayer, int chosenColumn)
        {
            int length, turn;
            length = 7;
            turn = 0;

            do
            {
                if (board[length, chosenColumn] != 'X' && board[length, chosenColumn] != 'O')
                {
                    board[length, chosenColumn] = activePlayer.playerCounter;
                    turn = 1;
                }
                else
                    --length;
            } while (turn != 1);
        }

        // The function below will created and display the board. 
        static void DisplayTheBoard(char[,] board)
        {
            int rows = 7, columns = 6, i, ix;

            // The four loop below creates the board based on the rows and columns variables created above and displays it to the players when the function is called.
            for (i = 1; i <= rows; i++)
            {
                Console.Write("|");
                for (ix = 1; ix <= columns; ix++)
                {
                    if (board[i, ix] != 'X' && board[i, ix] != 'O') board[i, ix] = '*';
                    Console.Write(board[i, ix]);

                }
                Console.Write("| \n");
            }

        }
        // The function below will check if a player has connected 4 in a row.
        static int CheckForFour(char[,] board, PlayerInfo activePlayer)
        {
            char XO;
            int win;
            
            XO = activePlayer.playerCounter;
            win = 0;

            for (int i = 8; i >= 1; --i)

            {
                for (int ix = 9; ix >= 1; --ix)
                {
                    if (board[i, ix] == XO &&
                        board[i - 1, ix - 1] == XO &&
                        board[i - 2, ix - 2] == XO &&
                        board[i - 3, ix - 3] == XO)
                    {
                        win = 1;
                    }

                    if (board[i, ix] == XO &&
                        board[i, ix - 1] == XO &&
                        board[i, ix - 2] == XO &&
                        board[i, ix - 3] == XO)
                    {
                        win = 1;
                    }

                    if (board[i, ix] == XO &&
                        board[i - 1, ix] == XO &&
                        board[i - 2, ix] == XO &&
                        board[i - 3, ix] == XO)
                    {
                        win = 1;
                    }

                    if (board[i, ix] == XO &&
                        board[i - 1, ix + 1] == XO &&
                        board[i - 2, ix + 2] == XO &&
                        board[i - 3, ix + 3] == XO)
                    {
                        win = 1;
                    }
                    if (board[i, ix] == XO &&
                        board[i, ix + 1] == XO &&
                        board[i, ix + 2] == XO &&
                        board[1, ix + 3] == XO)
                    {
                        win = 1;
                    }
                }
            }
            return win;

        }

        // The function below will check if the board is completely full or not.
        static int FullBoard(char[,] board)
        {
            int full;
            full = 0;

            for (int i = 1; i <= 7; ++i)
            {
                if (board[1, i] != '*')
                    ++full;
            }

            return full;
        }

        // The function below displays a winner message to the players to let them know who has won.
        static void PlayerWins(PlayerInfo activePlayer)
        {

            Console.WriteLine(activePlayer.playersName + " has successfully connected four in a row, you win! Well done");

        }

        // The below function is called when the game is finished and decides to restart the game or end the program.
        static int restart(char[,] board)
        {
            int restart;

            Console.WriteLine("Now you've finished your game, would you like to play again? YES(1) or NO(2)");
            restart = Convert.ToInt32(Console.ReadLine());
            if (restart == 1)
            {
                for (int i = 1; i <= 6; i++)
                {
                    for (int ix = 1; ix <= 7; ix++)
                    {
                        board[i, ix] = '*';
                    }
                }
            }
            else
                Console.WriteLine("Thank you for playing, goodbye!");
            Console.ReadKey();
            return restart;
        }

    }

PlayerInfo.cs
using System;
using System.Collections.Generic;
using System.Text;

namespace SoftwareAssignmentYear3
{
    public class PlayerInfo
    {
        // The below has been included to save me time typing in the same thing over and over again as playersName and playerCounter get used throughout the whole program. Storing them in a public
        // struct saves them without the need to write them again. To save data into these I use the key word 'playerInformation' as that is what the struct is named. 

        public string playersName;
        public char playerCounter;
        public int difficultyLevel = 1;

        public void SetDifficultyLevel(int level)
        {
            if(level == 0)
            {
                return;
            }
            difficultyLevel = level;
        }
    }
}

4.3.2 [bookmark: _Toc60913645]Testing Code.
UNIT TESTING
using System;
using System.Collections.Generic;
using Xunit;
using SoftwareAssignmentYear3;

// The below tests have been created as you should only be able to enter certain numbers in and if someone enters a 0 into the code it shouldn't work.
// All tests are working. 

namespace XUnitTestProject1
{
    public class DifficultyTests
    {
        [Fact]
        public void PassingTest_BeginnerLevel_ReturnBeginnerMessage()
        {
            // Arrange
            PlayerInfo info = new PlayerInfo();
            info.SetDifficultyLevel(3);
            // Act

            // Assert   
            Assert.Equal(3, info.difficultyLevel);
        }
        [Fact]
        public void Testing0()
        {
            // Arrange
            PlayerInfo info = new PlayerInfo();
            info.SetDifficultyLevel(0);
            // Act

            // Assert   
            Assert.NotEqual(0, info.difficultyLevel);
        }
        


       
    }
}


	Test
	Expected outcome
	What happened
	Proof

	Welcome message.
	When starting the program, the user should first see a welcome message at the top of the screen. The next message will only be displayed when the user clicks enter.
	PASSED TEST - When I opened the program, I was greeted with a welcome message.
	[image: ]

	Difficulty levels.
	The players should be greeted with 3 difficulty levels to choose from and each of them will display a different message.
	PASSED TEST - I tested this 3 times with all 3 levels and all of them displayed the correct messages.
	[image: ]
[image: ]
[image: ]

	Displaying the board
	When the game starts, the board will be displayed with 6 columns and 7 rows.
	PASSED TEST - When the game started, the board was displayed.
	[image: ]

	Storing the players name
	When the players type in their names they will be stored in the game and will be displayed to the users’ multiple times.
	PASSED TEST – After I entered my name into the game, it was displayed to me showing they had stored it.
	[image: ]

	Exiting and restarting the game
	At the end of the game, the players will get given a choice to exit the game or restart the game to play again. Exit will close the application and play again will re set the board.
	PASSED TEST - When I finished my game, I was given the choice and exit closed the application and play again re set the board.
	[image: ]
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