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[bookmark: _Toc510117053]Part A (Understanding)

[bookmark: _Toc510117054]Problem Solving Technique – Subdivide the Problem
Subdividing the problem is a useful programming technique to use when you don’t fully understand a problem. It works by breaking down the problem into many smaller problems. This is good because although you may not be able to understand the problem as a whole, you can likely work out the smaller, individual problems. 
To start of using this problem-solving technique, it is recommended that you name some of the problems that you are solving. These can likely be used at the name of methods that you will be using to solve the problem. For example, you may have a problem such as finding a user entered word within a dictionary. This could be split into multiple problems such as:
· Reading User Entered Text
· Finding the Letters / Word in a Dictionary
· Displaying the results to the user

You may also understand that to store the words, you could likely use an array of strings. From there, these problems can be broken down further into things you already understand. For example, we have already worked out that we want to search for text within an array, you might start out by thinking how you can loop the array. Then you may work out how you can check if a certain string is within the array by using the loop.
[bookmark: _Toc510117055]Part B (Testing)

	1
	User enters a valid menu option

	Description
	The user enters a valid menu option


	
	[bookmark: _GoBack]Test Steps:
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The user enters number 1



	

	
	
	
	

	Response
	The program should not give an error for the input and should move to the next step to add multiple numbers together.

	Status
	Date
	Description

	Pass
	28/03/2018
	



	2
	Entering text or an invalid option in the menu.

	Description
	The user enters text as an option in the menu


	
	Test Steps:
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The user enters a number which isn’t in the options, or text such as “5”, “One”, “Two”, “1a”

	3
	Repeat #2, entering invalid options.



	

	
	
	
	

	Response
	The program says, “Unknown option value entered” and asks the user to enter a number again.

	Status
	Date
	Description

	Fail
	28/03/2018 20:00
	When entering text, the program throws a FormatException and closes. This is because the programming is trying to covert a letter to an int.
[image: ]

	Pass
	28/03/2018
20:05
	When enter a number outside of the ones provided in the menu, it functions correctly.
[image: ]

	Pass
	28/03/2018
21:25
	Entering text was fixed in the code by ensuring the text was an integer when converting it.

[image: ]




	3
	User tries to exit the program

	Description
	The user enters “YES” when confirming to exit the program


	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The user enters number 3

	3
	Message displayed asking the user to confirm quit

	4
	The user enters “YES”



	

	
	
	
	

	Response
	The program closes.

	Status
	Date
	Description

	Pass
	28/03/2018
	Program closed.

[image: ]



	4
	User tries to exit the program

	Description
	The user enters a value such as “Yes”, “yes”, “y”, instead of “YES” when asked to confirm quitting the program.


	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The user enters number 3

	3
	Message displayed asking the user to confirm quit

	4
	The user enters a value such as “Yes”, “yes”, “y”.

	5
	Repeat for each value



	

	
	
	
	

	Response
	The program closes.

	Status
	Date
	Description

	Fail
	28/03/2018
20:30
	The program returns to the options. This is because the program checks the entered text is equal to “YES”, and not against any lower-case options, or again a singular “y”.

[image: ]

	Pass
	28/03/2018
20:45
	To fix the issue, code was added to check the text again all cases, and to check against “y” in all cases.
[image: ]
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	4
	Programs displays total of numbers

	Description
	The user enters 5 numbers, they are displayed with the correct formatting.


	
	Test Steps :
	
	

	
	
	
	

	
	
		1
	Message displayed asking user to enter number

	2
	The user enters number 1

	3
	User enters the 5 numbers when asked

	4
	The numbers are displayed



	

	
	
	
	

	Response
	The numbers are displayed with the correct formatting of #’s surrounding.

	Status
	Date
	Description

	Fail
	28/03/2018
22:30
	The program prints the correct number but the #s are offset by the length of the number minus one.

[image: ]

	Pass
	28/03/2018 23:00
	Code was added to calculate the number of spaces between the number and the hashtag by dividing the length of the number by 2 and taking away the number from 21. The program printed the correct numbers correctly and were formatted correctly.

[image: ]

	Fail
	28/03/2018 23:05
	The program printed the correct number buy formatted incorrectly when the length of the number was even.
[image: ]


	Pass
	28/03/2018 23:20
	To fix the formatting on an even length number, code was added to check if the number was even. If it was, an extra space was added to the spaces after the number.

[image: ]



[bookmark: _Toc510117056]Part C (Implementation)

[bookmark: _Toc510117057]Exercise 1
1. Display messages for winning and losing
2. Inputting numbers
3. Checking if the user has matched the correct number
4. Looping the game
5. Storing the amount of attempts the player has taken
6. Generating the number between -20 and +20
7. Checking if the user has within a range of the last number
8. Calculating the hints to give to the player


[bookmark: _Toc510117058]Exercise 2
 
To create a SplitIntoNumbers function that took three arguments instead of four was as simple as creating a new method with the three parameters and calling the original method, setting the stringLen to the length of the digits string, as shown below.
[image: ]

The first step the provided ‘SplitIntoNumbers’ method takes to solving the problem is converting the digits from a string to a character array, this is simple as C# provides a method for doing it.
[image: ]

[image: ]
From there, the code calls the ‘IsValid’ method to check if the array of characters is formatted in the correct way. It does this by looping through the array and comparing each char to the supplied separator and by using another C# method to tell if a single character is a digit. If the array is not a number, or it starts or ends with the supplied separator, it will return false. If the ‘IsValid’ method returns false, the ‘SplitIntoNumbers’ method will also return false.







[image: ]The next step in the code is to loop through the characters to convert them to numbers. First, it must find the position of each dash that is separating the number. It does this by using the ‘FindChar’ method. This method works by once again looping through the char array and comparing it to a dash char, returning the index if it finds one, or -1 if the start position supplied is above the length of the string, or if it fails to find a dash in the loop.

Once the program finds a dash, it attempts to convert the chars to an int by using the supplied startOfNumber integer, and the dash position that was found minus one. This data is put into the ‘ConvertToNumber’ method. This method loops through the inputted characters and converts them from ASCII to an int which is then stored in a variable called ‘number’ that is initialised at 0. To get the full number, on each loop the converted char is added to the end of the ‘number’ variable by multiplying the variable by 10 and adding the digit. Once the loop is complete, the converted number is returned.
[image: ]

Back in the ‘SplitIntoNumbers’ method, the loop will end once the index is above the length of the array, or the dash position is 0. The method will then check if the index is below the array length, if it is, it will set the number at the end of the number array.
[image: ]
The code then checks if the index is below or above the length of the array and return false if it is, since the array is either too small for the numbers or too large. If neither of these are true, the method returns true.
[image: ]





[bookmark: _Toc510117059]Exercise 3
There are a few major problems when it comes to creating the Connect Four game. In order of easiest to hardest, these are:
· Asking the user to input the column they would like to put a counter in.
· Displaying messages such as “Input Error”, and “You win!”
· Converting the user input into an integer.
· Switching between the two players.
· Storing the counters in some sort of grid.
· Checking if column is within the bounds of the grid.
· Printing the grid to the console.
· Placing the counters at the bottom of the grid in the selected column, where there isn’t already a counter.
· Checking if a user has connected four counters in the many directions.

[image: ]To solve the storing of counters in a grid, a two-dimensional array was used. To solve the placing of counter at the bottom of the grid, a method was made called ‘PlaceCounter’. This method would do a reverse loop through the rows in the grid. This meant that it would start at the bottom of the grid and progress to the top. To check if there was a counter in the user specified column, it simply checked if the number in the grid at the index of the loop and the user’s column was equal to zero. If it was, it meant there was no counter in the location and could therefore place one.
[image: ]
Another difficult to solve problem was checking if the user had won a game. To do this, multiple methods were created. Each was called ‘CheckWin’ but took in different parameters. An enum was created that stored the direction which needed to be check for counters, these included up, down, left right, down left, and down right. Up left and up right weren’t required as the code would check these when it checked down left and down right. The check win method worked by looping through the grid to check if a counter was the [image: ]active players. If it was, it would then start looping through each of the directions, for each direction, using a counter loop that started at one and ended at four. It could then check each direction for a counter and increment a variable that stored the number of connected counters for each direction. The ‘CheckWin’ method would return true if the connected [image: ][image: ][image: ]counter was equal to four. 









[bookmark: _Toc510117060]Appendices

[bookmark: _Toc510117061]Part B Code

[bookmark: _Toc510117062]Program.cs

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Program
{
    class Program
    {
        static void Main(string[] args)
        {
            int numNumbersReqd = 5;
            int chosenOption = 0;
            bool quit = false;

            Console.WriteLine("*****************************************************************************");
            Console.WriteLine("* This application is designed to allow you to select the number of numbers *");
            Console.WriteLine("* you wish to enter, and sum the numbers that you provide.                  *");
            Console.WriteLine("*****************************************************************************");

            while (quit == false)
            {
                DisplayMenu();
                chosenOption = ReadNumber("Please choose an option:");
                quit = ProcessMenu(chosenOption, ref numNumbersReqd);
            }
        }

        static void DisplayMenu()
        {
            Console.WriteLine("Select an option");
            Console.WriteLine("1. Add numbers");
            Console.WriteLine("2. Change amount of numbers to be entered");
            Console.WriteLine("3. Quit");
        }

        static int ReadNumber(string prompt)
        {
            string text;
            int number;

            Console.Write(prompt);
            text = Console.ReadLine();
            
            if(!int.TryParse(text, out number))
            {
                number = 0;
            }

            return number;
        }

        static bool ProcessMenu(int option, ref int numNumbers)
        {
            bool quit = false;

            switch (option)
            {
                case 1:
                    int total;
                    total = GetTotal(numNumbers);
                    DisplayResult(total);
                    break;
                case 2:
                    numNumbers = ReadNumber("Please enter the number of numbers to be entered:");
                    break;
                case 3:
                    quit = IsQuitting();
                    break;
                default:
                    Console.WriteLine("Unknown option value entered");
                    break;
            }

            return quit;
        }

        static int GetTotal(int numbersReqd)
        {
            int total;
            int index;

            total = 0;

            for (index = 0; index < numbersReqd; index++)
            {
                total = total + ReadNumber("Please Enter Number:");
            }

            return total;
        }
        /*
        static void DisplayResult(int result)
        {
            Console.WriteLine("###############################################################################");
            Console.WriteLine("###############################################################################");
            Console.WriteLine("##################                     " + result.ToString() + "                     ##################");
            Console.WriteLine("###############################################################################");
            Console.WriteLine("###############################################################################");
        }
        */
        
         static void DisplayResult(int result)
        {
            decimal numSpaces = 21 - result.ToString().Length / 2;
            string prefixSpaces = "";
            string suffixSpaces;
            
           
            for (int i = 0; i < numSpaces; i++)
            {
                prefixSpaces += " ";
            }

            suffixSpaces = prefixSpaces;
            
            if(result.ToString().Length % 2 == 0)
            {
                prefixSpaces += " ";
            }
          
            Console.WriteLine("###############################################################################");
            Console.WriteLine("###############################################################################");
            Console.WriteLine("##################" + prefixSpaces + result.ToString() + suffixSpaces + "##################");
            Console.WriteLine("###############################################################################");
            Console.WriteLine("###############################################################################");
        }
             

        static bool IsQuitting()
        {
            string response;
            bool quit = false;

            Console.Write("Do you really wish to quit?");

            response = Console.ReadLine();

            if (response.Equals("YES", StringComparison.InvariantCultureIgnoreCase)
                || response.Equals("Y", StringComparison.InvariantCultureIgnoreCase))
            {
                Console.WriteLine("Quiting");
                quit = true;
            }

            return quit;
        }
    }
    }





[bookmark: _Toc510117063]Exercise2 Code

[bookmark: _Toc510117064]Program.cs
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Exercise2
{
    class Program
    {
        struct TestValues        
        {
            public string value;   		
            public int startPos;
            public int endPos;
            public int expectedResult; 
                                              
        }



    static void Main(string[] args)
        {        
            TestValues[] testValues = new TestValues[] {
                new TestValues { value="1", startPos=0, endPos=0, expectedResult=1 },
                new TestValues { value="12", startPos=0, endPos=1, expectedResult=12 },
                new TestValues { value="123", startPos=0, endPos=2, expectedResult=123 },
                new TestValues { value="aa123", startPos=2, endPos=4, expectedResult=123 }
            };

            int number;
            int i;
            for (i = 0; i < testValues.Length; i++)
            {
                number = ConvertToNumber(testValues[i].value.ToCharArray(),

                                testValues[i].startPos,
                                testValues[i].endPos);

                if (number == testValues[i].expectedResult)
                {
                    Console.WriteLine("Test " + i + " passed" + " value is " + number);
                }
                else
                {
                    Console.WriteLine("Test " + i + " failed" + " value is " + number);
                }
            }

        }

        static bool SplitIntoNumbers(string digits, int[] numbers, int arrayLength)
        {
            return SplitIntoNumbers(digits, digits.Length, numbers, arrayLength);
        }

        static bool SplitIntoNumbers(string digits, int stringLen, int[] numbers, int arrayLength)
        {
            char[] digitArray = digits.ToCharArray();
            int startOfNumber = 0;
            int dashPosition;
            int index = 0;

            if (IsValid(digitArray, stringLen, '-') == false)
            {
                return false;
            }

            dashPosition = FindChar(digitArray, stringLen, startOfNumber, '-');
            while (dashPosition > 0 && index < arrayLength)
            {
                numbers[index] = ConvertToNumber(digitArray, startOfNumber, dashPosition - 1);
                index++;

                startOfNumber = dashPosition + 1; // Start of next number
                dashPosition = FindChar(digitArray, stringLen, startOfNumber, '-');
            }

            // Read number at end of string
            if (index < arrayLength)
            {
                numbers[index] = ConvertToNumber(digitArray, startOfNumber, stringLen - 1);
            }
            index++;   // Account for number at end of string even if we don't read it.

            // Too few or too many numbers to be read
            if (index < arrayLength || index > arrayLength)
            {
                return false;
            }

            return true;
        }

        static bool IsValid(char[] str, int stringLength, char separator)
        {
            int index;
            int dashCount = 0;

            for (index = 0; index < stringLength; index++)
            {
                if (str[index] == separator)
                {
                    if (dashCount > 0)
                    {
                        return false;
                    }
                    dashCount++;
                }
                else if (Char.IsDigit(str[index]) == false)
                {
                    return false;
                }
                else
                {
                    dashCount = 0;
                }
            }

            // Can't start with a separator
            if (str[0] == separator)
            {
                return false;
            }

            // Can't end with a separator
            if (str[stringLength - 1] == separator)
            {
                return false;
            }

            return true;
        }

        static int FindChar(char[] str, int stringLength, int startPos, char character)
        {
            int index;

            if (startPos < stringLength)
            {
                for (index = startPos; index < stringLength; index++)
                {
                    if (str[index] == '-')
                    {
                        return index;
                    }
                }
            }

            return -1;       // end of array
        }

        static int ConvertToNumber(char[] str, int startPos, int endPos)
        {
            int digit;
            int number = 0;

            for (int i = startPos; i < endPos + 1; i++)
            {
                    digit = (int)str[i] - '0';           // Convert from ASCII
                    number = (number * 10) + digit;
            }

            return number;
        }

    }
}


[bookmark: _Toc510117065]Connect Four Code

[bookmark: _Toc510117066]Progam.cs
using System;

namespace ConnectFour
{
    class Program
    {

        private static int[,] grid = new int[7,7];

        static void Main(string[] args)
        {

            new ConnectFour().StartGame();
        }        
    }
}

[bookmark: _Toc510117067]ConnectFour.cs
using System;
using System.Collections.Generic;
using System.Text;

namespace ConnectFour
{
    class ConnectFour
    {
        private Player playerOne = new Player(1);
        private Player playerTwo = new Player(2);

        private Grid grid = new Grid();

        private bool running = true;

        public ConnectFour()
        {

        }

        public void StartGame()
        {
            Player activePlayer = playerOne;

            while(running)
            {
                Console.WriteLine("Player " + activePlayer.GetId() + "'s turn");

                grid.PrintGrid();

                Console.WriteLine("Enter the column (1-7): ");

                int column = 0;

                if (Int32.TryParse(Console.ReadLine(), out column) && column > 0 && column < 8)
                {
                    grid.PlaceCounter(column, activePlayer);

                    Console.Clear();

                    if (grid.CheckWin(activePlayer))
                    {
                        Console.WriteLine("Player " + activePlayer.GetId() + " Wins!!");
                        running = false;
                    }

                    if (activePlayer.GetId() == 1)
                    {
                        activePlayer = playerTwo;
                    }
                    else
                    {
                        activePlayer = playerOne;
                    }
                }
                else
                {
                    Console.Clear();
                    Console.WriteLine("Error, please try again.");
                }
            }
        }
    }
}


[bookmark: _Toc510117068]Player.cs
using System;
using System.Collections.Generic;
using System.Text;

namespace ConnectFour
{
    class Player
    {
        private int id;

        public Player(int id)
        {
            this.id = id;
        }

        public int GetId()
        {
            return id;
        }
    }
}


[bookmark: _Toc510117069]Grid.cs
using System;
using System.Collections.Generic;
using System.Text;
using System.Linq;

namespace ConnectFour
{

     class Grid
    {
        private int[,] grid = new int[7, 7];

        enum Direction
        {
            UP, DOWN, LEFT, RIGHT, DOWN_LEFT, DOWN_RIGHT
        }

        public Grid()
        {
            InitialiseGrid();
        }

        private void InitialiseGrid()
        {
            for (int i = 0; i < 7; i++)
            {
                for (int j = 0; j < 7; j++)
                {
                    grid[i, j] = 0;
                }
            }
        }

        public void PrintGrid()
        {
            Console.WriteLine("1 2 3 4 5 6 7");
            Console.WriteLine("_____________");

            for (int i = 0; i < 7; i++)
            {
                for (int j = 0; j < 7; j++)
                {
                    Console.Write(grid[i, j] + " ");
                }
                Console.WriteLine();
            }

            Console.WriteLine("_____________");
        }

        public bool PlaceCounter(int column, Player player)
        {
            int realColumn = column - 1;

            if (realColumn > -1 && realColumn < 8)
            {
                for (int row = grid.GetLength(0) - 1; row > -1; row--)
                {
                    if (grid[row, realColumn] == 0)
                    {
                        grid[row, realColumn] = player.GetId();
                        return true;
                    }
                }
            }
            return false;
        }

        public bool CheckWin(Player player)
        {
            for(int row = 0; row < grid.GetLength(0); row++)
            {
                for(int column = 0; column < grid.GetLength(1); column++)
                {
                    if(grid[row, column] == player.GetId())
                    {
                        if (CheckWin(row, column, player))
                        {
                            return true;
                        }
                    }
                }
            }

            return false;
        }

        private bool CheckWin(int row, int column, Player player)
        {
            List<Direction> directions = Enum.GetValues(typeof(Direction)).Cast<Direction>().ToList();

            for (int i = 0; i < directions.Count; i++)
            {
                if(CheckWin(directions[i], row, column, player))
                {
                    return true;
                }
            }
            return false;
        }

        private bool CheckWin(Direction direction, int row, int column, Player player)
        {
            int connected = 1;

            for(int i = 1; i < 4; i++)
            {
                int counter = 0;

                switch (direction)
                {
                    case Direction.UP:
                        {
                            if (row - i < 8 && row - i > -1)
                            {
                                counter = grid[row - i, column];
                            }
                        }
                        break;
                    case Direction.DOWN:
                        {
                            if (row + i < 7 && row + i > -1)
                            {
                                counter = grid[row + i, column];
                            }
                        }
                        break;
                    case Direction.LEFT:
                        {
                            if (column - i < 7 && column - i > -1)
                            {
                                counter = grid[row, column - i];
                            }
                        }
                        break;
                    case Direction.RIGHT:
                        {
                            if (column + i < 7 && column + i > -1)
                            {
                                counter = grid[row, column + i];
                            }
                        }
                        break;
                    case Direction.DOWN_LEFT:
                        {
                            if (row + i < 7 && row + i > -1 && column - i < 7 && column - i > -1)
                            {
                                counter = grid[row + i, column - i];
                            }
                        }
                        break;
                    case Direction.DOWN_RIGHT:
                        {
                            if (row + i < 7 && row + i > -1 && column + i < 7 && column + i > -1)
                            {
                                counter = grid[row + i, column + i];
                            }
                        }
                        break;
                }

                if (counter == player.GetId())
                {
                    connected++;
                }
            }
            return connected == 4;
        }
    }
}
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i
int index;
int dashCount

or (index index < stringlength; index++)
€
if (strlindex] == separator)
<
if (dashCount > 6)
€
return false;
b
dashCount ++;
b
clse if (Char.IsDigit(strlindex]) == false)
<
return false;
b
else
<
dashCount.
b

¥

/7 Can"t start with a separator
if (str[0] == separator)
<

return false;
b

// Can't end with a separator
if (strlstringlength - 1] = separator)
<

return false;
b

return true;
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static int FindChar(char[] str, int stringlength, int startPos, char character)
€

int index;

if (startPos < stringlength)

<
for (index = startPos; index < stringlength; index++)
<
if (strlindex] )
€
return index;
b
¥
b
return -1; 11 end of array
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static int ConvertToNumber(char[] str, int startPos, int endPos)

for (int i = startPos; i < endPos + 1; ivs)

<
digit = (inf)strli] - '0'; 1/ Convert from ASCIT
number = (number * 10) + digit;

b

return nunber;




image18.png
if (index < arraylength)
<

numbers[index] = ConvertToNunber(digitArray, startOfiumber, stringlen - 1);
b

indexs+;  // Account for number at end of string even if we don't read it.
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// Too few or too many numbers to be read
if (index < arrayLength || index > arrayLength)
<

return false;
b

return true;
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public bool PlaceCounter(int column, Player player)
€
int realcolumn - coluan - 1;

3F (realColumn > -1 8 realColum < 5)

i
for (int row = grid.Getiength(e) - 1; row > -1; row--)
€

5 (s et =)
gridirow, realcolum] = player-getrd();
retum true;
3
3
b

retum false;
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public bool Checkwin(Player player)

€
For(int: row = 6 row < grid.GetLength(e); rows)
€
or(ant column = 65 column < grid.GetLength(1); colum+)
1
3(gridirow, colum] == player.getid())
€
3F (Checkin(row, colum, player))
1
return true;
3
3
b
3

retum false;

3

private bool Checkwin(int row, int colum, Player player)
€
Listcirection directions = Enus. Getvalues(typeof(Direction)).Cast<irections (). ToList();

for (int 1 = 0; 1 < directions.Count; ir+)

1
i (Checkaiin(directions[], row, colum, player))
€

retum true;
¥

b

retum false;

3
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private bocl Checkilin(Direction direction, int row, int colum, Pleyer player)
€

or(int 14 3; 1 < 4 1)

it (traction)
B Direction.UP:

- 1B 1> )
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ot - gridiro - 4, colomnl;
3
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Error, please try again.
Player 2's turn
1234567

oo00000
oo00000
oo00000
oo00000
00110080
0122000
1221201

Enter the column (1-7):
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Player 1's turn

1234567

©oo000080
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122120680

-7)

Enter the column (1.
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Player 1 Wins!!
Press any key to continue .
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