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I.    Abstract
This report describes the author’s understanding relating to software development problem solving techniques, software testing and implementation of software using the c++ programming language. It relates to the academic module titled: Programming II. 
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II.  Introduction 
This report, for the Programming II module, is divided into 3 sections and has a weighting of 100%. Visual Studio solution (.sln) folders were uploaded to ‘Turnitin’ in compressed ‘zip’ files for the provided code in appendix 1,2 and 3. All coding exercises have numbered screenshots inserted into the report.
Part A is a discussion of the author’s understanding of computational problem solving, and the author’s chosen problem-solving technique for software development. 
Part B details software testing and bug fixing of 3 errors in provided source code.
Part C describes problem-solving relating to the implementing of 3 programming exercises. 
· Exercise 1 describes how the author problem solves and implements a number guessing game.
· In exercise 2, code errors are corrected in a non-compiling provided source code file. 
· In exercise 3, the author describes the process and how a console application was written based on the ‘Connect 4’ board game. 
III. Part a – computational problem solving
When planning and developing a program, a good problem-solving strategy should be used in order to more efficiently solve computational problems and prevent bugs. The software solutions should be planned in advance in a systematic way. There are five main logical problem-solving phases that the author has identified [1].  They are based on ‘heuristic method’, which is an art of mathematical reasoning upon a problem [2].

1) Understanding the given problem.
In order to instruct computers correctly, a programmer should have a clear understanding of the requirements of the problem to be solved, when planning and developing a software solution. They should also think creatively and critically [1]. By using top-down execution - problems should be ranked from easiest to hardest. The most obvious component of a problem should be solved first.
2) Analysing the problem.
In computer science and mathematics, an algorithm can be defined as a solution, from a number of logical steps, for solving a specific problem. There will generally be many different algorithms as there may more than one way to solve a given problem. Sequential steps written in natural language to solve given problems, using algorithms, may be used before starting to code a software solution. 
An algorithm can be written as sentences or ‘pseudocode’, and can be compared to writing a recipe for a meal. An example is a ‘bubble sort’, which sorts a list by going through the list multiple times and swapping adjacent items that are out of order.
The steps involved in algorithm development include: 
· The input is to be identified first and at least one output value is produced.
· Use what is known and identify what cannot be understood.

· All the calculations should be identified.
· Each step must be precise, clear and finite.
· The solution should be generic, so that it can solve a range of problems, rather than just one
Below is an example of a simple algorithm to make a cup of tea:
Step 1 – Start of program. 
Step 2 – Fill kettle with water. 
Step 3 – Turn on switch to boil water.
Step 4 – Put teabag into cup
Step 5 – Pour water into cup.
Step 6 – Add sugar.
Step 7 – Add milk.

Step 8 – Stir. 
Step 9 - End of the program 
3) Developing the solution with flowcharts
A flow chart diagram is a graphical representation of an algorithm. It can be used to represent the programming logic to solve a given problem. It is constructed using different types of boxes and symbols. 
Figure 1 shows an example of a flowchart with a nested if-statement for a program where a user enters a number. If the number is greater than 80, an output of “Expert” will be produced. If it is not greater than 80, then a test of if it is greater than 50 will be done. If true, an output of “Pass” will be displayed. If false, an output of “Fail” will be displayed.
Figure 1 – An example flow-chart showing if-else structure flow control.
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The advantages of using flowcharts include: 
· The logic of a problem is shown in a visual way for easier checking of an algorithm. 
· It is a good means of communication to other users. 
· It is a compact means of recording an algorithmic solution to a problem. 
· It allows the problem solver to break a problem into smaller, more manageable, parts. 

· It is a permanent record of the solution that can be consulted at a later time. 
4) Implement the software solution.
Only after going through the above steps, should a more complex program be implemented, by writing out the code.
5) Testing and debugging the solution
Like a mathematician demonstrates a theorem by formally proving each step, a developer should prove that a software solution works by writing formal tests. 
Software testing is the process of evaluating code to detect differences between the given input and the expected output.
There are four levels of tests [2] –

· Unit testing
· Integration testing 
· Component interface testing

· System testing.
6) Divide and conquer
The problem-solving technique chosen by the author involve subdividing problems into smaller problems. This is known as the ‘divide and conquer’ technique [1]. It involves 3 steps:

· Divide - problems into smaller parts by naming them. They may then be translated into class or function names.
· Conquer - similar and smaller problems are then worked on by providing information, as they are easier to solve. This can be through functions that properties or getter and setter functions.
· Combine - these sub-problems are then combined, to solve the original problem, it is know as optimal substructure [1]. They may produce some result. For example, combining named problems into functions in c++ classes.
Pseudocode will be written, which will then be translated to a flow-chart for programming logic. The pseudocode of the identified problems will then be translated to code to by replacing them with data members and member functions. For example, information to solve the problem will be provided in the parameters of functions.
Some problems may produce a result in a return statement through arguments. 
For example: resulttype ProblemName (information to solve problem).
IV. Part b – software testing
A. 3 error fixes in a console application

A c++ console application, from the code provided in appendix 1, allows a user to select from three options from a menu:

1. Add numbers – this option allows the user to enter some numbers.
2. Change amount of numbers to be entered – this option allows the user to change the number of values that they need to enter.
3. Quit.

The application consists of 5 files: Main.cpp; Application.cpp; Application.h; Console.cpp and Console.h.

There are several bugs in the application code that have been identified. 

Figure 2 – screenshot of the 3 options.
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1) Hash lines

When a user inputs a number, the sum is displayed on the console, inside a box of hashed lines. It would be ideal to have the hashes spaced out and corresponding to the number value inside the box. For example, if the sum of 5 entered numbers equals 10, we could have 10 pixel spaces on either side of the 2-digit number, then have the hashed lines.
Also, the hashes line to the right moves over when a larger number which is more than one digit is displayed, as can been seen in figure 3, and this looks untidy.

Figure 3 – A broken hash line example. Note the third line on the right extending outwards.
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2) Quitting
When the user is asked if they wish to quit, the only input value that can be entered is “YES” to quit. This can also cause the application to freeze occasionally, with a white flashing box being displayed.
Figure 4 – Quitting with “YES”.
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3) Entering characters

Figure 5 – Characters entered.
After selecting option. 1, characters are able to be input into the console. This results in the number -4 always being outputted, no matter what the combination of characters entered are.
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B. Solutions

1) Fixing broken hash lines

Figure 6 shows a screenshot of the hash-lines now unbroken in both the output values 170 and 380.
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Figure 7 shows the test and fix description.
	3
	User enters numbers that output a sum more than 2 digits.

	Description
	The display of the total is broken when the value being displayed is more than one digit.

	
	Test Steps 

	
	

	
	
	
	

	
	
	1

Message displayed asking user to enter number

2

Numbers are entered.
3
If a two-digit number is the result, then the hashed line to the right becomes uneven and broken.


	

	
	
	
	

	Response
	The hash line on the right-hand side becomes broken and uneven. 

if(result>=10)

If the result contains more than one digit, then space should be decrease the pixel space or padding equally on both sides.

String spaces =” “; - This is the variable to store the quantity of spaces that we need.

for (int i=0; i<21-count/2; i++)

As we have 21 spaces on each side, the spaces should decrease by count/2


	

	Status
	Date
	Description

	Fail
	18.10.17 
	

	Pass
	27.03.18
	Modified code in Application.cpp file.

	
	
	Test has passed


2) Fixing quitting options

Figure 8 shows a screenshot of quitting by inputting “yes”.
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Figure 9 shows a screenshot of quitting by inputting “y”.
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Figure 10 shows the test and solution description.
	2
	User is asked to quit

	Description
	When the user is asked if they wish to quit, the only input value that can be entered is “YES”. Other variations were tried: “Yes”, “yes” and “y”

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

Message displayed asking user if they want to quit
2

Entered “Yes”
3
Does not quit

4
Entered “y”

5

Does not quit

6

Entered “yes”

7

Does not quit


	

	
	
	
	

	Response
	The following code was modified in the Application.ccp file:
if (response == "YES" || response == "yes" || response == "y")


{



_console->PrintLine("Quitting");



quit = true;


}

The responses “yes” and “y” were included in the if statement for quitting.



	Status
	Date
	Description

	Fail
	18.2.17 
	Test has failed.

	Pass
	27.03.18
	Modified the code.


3) Character error fix

· The author was not able to correct this error.
V. part c 
A. Exercise 1 - Planning an guessing game program.
A console game is required, that allows a player to guess a number between the values -20 and +20, which the program selects in secret. The player will have five attempts to guess this number, otherwise they lose the game.  

The application functionality has been broken down as follows:
· A print statement must be displayed on the console screen asking the user to enter a number between -20 and +20. 

cout<<”Enter a number between -20 and + 20<<endl;

To help the player, the game gives a new hint every time the player fails to guess correctly.
· A secret random number must be generated by the computer.

int num;  // This will store the random number
num = rand () % -20 + 20;  
An srand(time (0)); function can be used to generate the random number, seeding the computer’s internal clock time.

· A variable will be used to store the user’s entered number:

int guess;         // This variable will store the guess.
cin>>guess;
              int tries=0;    // The number of tries counter.
Test values will be compared to check whether the number is positive or negative.
1. if (number) is 10< guess or 10> guess
cout<<cold<<endl

2. if (number) is guess- 5 or guess+5

cout<<warm<<endl

3. if (number) is guess- 2 or guess ++
cout<<very warm<<endl

4. Entering a value which is not a number is considered a guess and the player loses an attempt and no hint is provided.

This problem was simply solved by the fact that the program would break out of the loop if an integer value was not entered, with the print statement asking to enter a guess.

Figure 11 Below is a flowchart of how the game should function.
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Firstly, a main function should be written for the program to be able to run.
int main () {
Return 0;

}

Figure 12 The box below contains the written game code.
	#include "stdafx.h"

#include <iostream>

#include <cstdlib>

#include <ctime>

using namespace std;

int main()

{

    int num;

    int guess; //The variable that stores guess
    int tries = 0;//The variable storing the number of tries
    srand(time(0)); //Random number seed generator
    num = rand() % -20 + 20; // The random number range

    cout << "*********** Guess a Number Game **************\n\n";

    do

    {

        cout << "Guess a number between -20 and +20 : "; // Print statement for player to input guess

        cin >> guess; // guess is input here

        tries++; //counter for the number of tries

        if (guess > num + 10 || guess <num - 10)

            cout << "cold\n";

        else if (guess < num - 5 || guess >num + 5)

            cout << "warm\n";

        else if (guess < num - 2 || guess > num + 2)

            cout << "very warm!\n";

        else

            cout << "Winner! You got it in " << tries << " guesses!\n"; 

//winning statement that also shows the number of tries that it took the player.

    } while (tries != 5); //loop ends after 5 guesses
    cout << "Sorry, out of guesses! "; // If the player enters text instead of an integer, the program will end here by default.
    return 0;

}


Figure 13 A screenshot of the working application. A winning guess was obtained after the 4th try.
[image: image10.png]FrEEXXXAXEX Guess a Number

Guess a number between -20
cold

Guess a number between -20
cold

Guess a number between -20
very warm

Guess a number between -20

Guess a number between -20

Game **¥ ¥k F KKKk kKKK

and +20 : 1

and +20 : 10

and +20 : 30

and +20 : 35

Correct! You got it in 4 guesses!

and +20 :




Figure 14 When a character is entered, instead of an integer value, the program will end all the guesses and the player will be prompted to restart.
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B. Exercise 2 – A non-compiling console application.
Source code was provided for an exercise to be solved for this assignment. The errors were solved, and is provided in appendix 3.
1) Solving errors

There were 2 obvious errors noticed in the program immediately:

· There was no #include “stdafx.h” file

· There was a comment without a backslash before them:
After correcting the two errors, the program was re-compiled. 2 errors were generated by Visual studio, as seen in the screenshot below.
Figure 15  The 2 error messages in Visual Studio.
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For the purposes of this exercise, a function is required that can convert a string containing a chain of numbers separated by dash characters, and extracts the numbers into an array. It takes three arguments, firstly the string, secondly an array big enough to store the extracted numbers and thirdly the length of the array:
	bool SplitIntoNumbers (string digits, int stringLen, int numbers [], int arrayLength)




For example, if the number is “120-34-5056” then the array should contain 120, 34 and 5056.

int numbers [3];  
bool splitSuccessful;

splitSuccessful = SplitIntoNumbers (“120-34-5056”, numbers, 3);
The function should return true if the string was split successfully, or false if it failed because the string contained letters e.g. “A234-56” or the provided array was too large or too small.

Figure 16 show a loop that was added to the top of the file to test multiple values.
struct TestValues
{


string value;


int startPos;


int endPos;


int expectedResult;


TestValues (string v, int sp, int ep, int exp);

};

TestValues::TestValues(string v, int sp, int ep, int exp)

{


value = v;


startPos = sp;


endPos = ep;


expectedResult = exp;

}
2) Problems that have been solved

The tables below show how the author has mapped knowledge against the information that can be obtain from Visual Studio error codes to get a bug filled program to run. Although, it was confusing at first as to what was causing the errors.
The approach taken to solving these problems was using to

· Look for obvious errors that could easily be solved.

· Trial and error – especially when changing pointer and object notation.

· Look at error codes and search on Google for answers. Sites such as ‘stack-overflow’ [1]- were used to look up errors.

· Compile the program on Jet-Brains CLion IDE to see if different errors came up. Hints were used on the IDE to see if these would resolve any problems.

The tests results were recorded in the provided boxes for the exercise.
Figure 17
	1


	Include a Visual studio header

	Description
	#include “stdafx.h” missing

	
	Test Steps :
	
	

	
	
	
	

	
	
	1

#include “stdafx.h” added

	

	
	
	
	

	Response
	Error corrected

	Status
	Date
	Description

	Fail
	01.03.2018
	

	Pass
	27.03.2018
	Error corrected


Figure 18
	2


	Add a comment

	Description
	Add a ‘//’ to text

	
	Test Steps :
	
	

	
	
	
	

	
	
	1

Add a ‘//’ to the text Did we get the expected result ? ?
2

Error removed

	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	

	Pass
	28.03.2018
	Passed


	3


	

	Description
	number = ConvertToNumber(testValues[i]->value.c_str(),

	
	Test Steps :
	
	

	
	
	
	

	
	
	1

string s = (*(testValues + i))->value.c_str();
2

This is the new statement

	

	
	
	
	

	Response
	No error in ide

	Status
	Date
	Description

	Fail
	01.03.2018
	No pointer

	Pass
	27.03.2018
	Passed


	4

	

	Description
	Added a print statement

	
	Test Steps :
	
	

	
	
	
	

	
	
	1

// Test passed
cout << "true" << endl;

2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	No print statement

	Pass
	27.03.2018
	Passed


	5

	

	
	Add a print statement

	
	Test Steps :
	
	

	
	
	// Test failed
cout << "false" << endl;


	

	
	
	1

Added required print statement to output values
2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	No print statement

	Pass
	27.03.2018
	Passed


	6

	

	Description
	testValues[i]->endPos);

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

int end = (*(testValues + i))->endPos;
2

Amended pointer and statement

	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	Incorrect statement

	Pass
	27.03.2018
	Passed


	7

	

	Description
	testValues[i]->startPos,

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

int start = (*(testValues + i))->startPos;
2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	

	Pass
	27.03.2018
	Passed

	8


	

	Description
	else if (Char.IsDigit(str[index]) == false)

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

else if (str[index] - '0' <= 9)

2

29.03.18

	

	
	
	
	

	Response
	working

	Status
	Date
	Description

	Fail
	01.03.2018
	Incorrect 

	Pass
	29.03.2018
	Passed


	9


	

	Description
	static int FindChar(char[] str, int stringLength, int startPos, char character)

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

static int ConvertToNumber(const char str[], int startPos, int endPos)
2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	Incorrect statement

	Pass
	29.03.2018
	Passed


	10


	

	Description
	static int ConvertToNumber(char[] str, int startPos, int endPos)

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

static int ConvertToNumber(const char str[], int startPos, int endPos)
2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	

	Pass
	29.03.2018
	Passed


	11


	

	Description
	char[] digitArray = digits.ToCharArray();



	
	Test Steps:
	
	

	
	
	
	

	
	
	1

char digitArray[digits.length];
2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	01.03.2018
	Statement errors…

	Pass
	29.03.2018
	Passed


	12


	

	Description
	

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	
	

	Pass
	
	Passed


	13


	

	Description
	

	
	Test Steps:
	
	

	
	
	
	

	
	
	1

2


	

	
	
	
	

	Response
	

	Status
	Date
	Description

	Fail
	
	

	Pass
	
	Passed


Figure 19 shows the programming working after the bugs were fixed and the source code amended.
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Figure 20 The amended source code in Visual Studio.
	#include "stdafx.h"

#include <iostream>

#include <string>
using namespace std;
#pragma warning(disable:4996)
/*A function is required that can convert a string containing a chain of numbers separated by dash characters, and extracts the numbers into an array. It should take three arguments, firstly the string, secondly an array big enough to store the extracted numbers and thirdly the length of the array:

bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength)

For example, if the number is “120-34-5056” then the array should contain 120, 34 and 5056.

int  numbers[3];

bool splitSuccessful;

splitSuccessful = SplitIntoNumbers(“120-34-5056”, numbers, 3);

The function should return true if the string was split successfully, or false if it failed because the string contained letters e.g. “A234-56” or the provided array was too large or too small.

*/

struct TestValues

{


string value;


int startPos;


int endPos;


int expectedResult;


TestValues(string v, int sp, int ep, int exp);

};

TestValues::TestValues(string v, int sp, int ep, int exp)

{


value = v;


startPos = sp;


endPos = ep;


expectedResult = exp;

}

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 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 (str[index] - '0' <= 9)



{




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 ConvertToNumber(const 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;

}

static bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength, char digitArray[])
{


/*


//char digitArray[] = digits.ToCharArray();


char digitArray[2];


for (int i = 0; i < digits.length; i++) {


digitArray[i] = digits[i];


}


*/


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;
}

int main() {


TestValues **testValues = new TestValues*[4]{



new TestValues("1", 0, 0, 1),



new TestValues("12", 0, 1, 12),



new TestValues("123", 0, 2, 123),



new TestValues("aa123", 2, 4, 123)


};


int number;


for (int i = 0; i < 4; i++)


{



int start = (*(testValues + i))->startPos;



int end = (*(testValues + i))->endPos;



string s = (*(testValues + i))->value.c_str();



number = ConvertToNumber(s.c_str(), start, end);



if (number == testValues[i]->expectedResult)  //Did we get the expected result ? ?


{




// Test passed




cout << "true" << endl;



}



else



{




// Test failed




cout << "false" << endl;



}


}


for (int i = 0; i < sizeof(*testValues); i++)


{



delete testValues[i];


}


delete testValues;


return 0;
}




C. Exercise 3 - A connect 4 game.
1) Identified problems 
A c++ console application based on the popular ‘connect four’ board game was attempted, by the author, using Visual Studio 2017. C++ classes were not used. The game code has been provided in appendix 3.
Connect 4 is a two player game. The objective is to be the first player to form a horizontal, vertical, or diagonal line of four joined coloured discs [1]. There is no computer opponent, so both player 1 and player 2 inputs will be done manually.
The game play algorithm:
· Player 1 is assigned “R” for a red disc.
· Player 1 drops a disc from the top anywhere into a seven-column, six-row vertically suspended grid by selecting a column number 1 – 7.
· The pieces fall straight down, occupying the next available space within the column. 
· Player 2 drops a yellow disc “Y” from the top anywhere into a seven-column, six-row vertically suspended grid. 
2) Problems to be solved
Below is a summary of problems that the author has identified that are needed to be solved in order to build the application. The list has been numbered from the easiest problem to solve, number 1, to the hardest – 6. The author has used the divide and conquer methodology has been used to break down problems into manageable chunks.
1.Draw the 6x7 game board on the screen. Board [i][j].
A 2d x and y Cartesian co-ordinate system will be used, represented by an array, with the origin being 0,0 on the top left. Y axis will be going downward and representing rows x axis horizontally representing columns.

2. Getting Player 1 and Player 2 input.
3. Changing player turns.
A while (true) structure will be used to loop “counter +=1” until someone wins or there is a draw.
4. Checking if there is a winning combination.
3) The written code
Firstly, the following three Header files were included, at the top of the program:

· #include "stdafx.h" 
This header must always be included if using Microsoft Visual studio, or the program will not compile.
· #include <iostream> 

 This is a standard library function to read inputs and outputs, such as ‘cin’ and ‘cout’.
· #include <vector>
This is a class which is similar to an array. The author has chosen to use vectors as they can be sized dynamically. They are used by typing the keyword vector, then the data-type, followed by the name of the vector:
vector <DataType> nameOfVector
A using namespace std; - The std namespace is a c++ standard library feature used for things such as strings and vectors so std:: does not have to be put in front of input, print and vector statements every time they are created.
#pragma warning(disable:4996) – this statement is to disable warnings in Visual Studio.
Camel-case notation was used for all functions in the program.

Figures 17 – 28 below have been split into functions and briefly describe the how the program works.

Figure 21 This function is used for initialising the game board.
	void _initBoard(vector<vector<char> > & board) {
Is use for reference to change original board.
for (int i = 0; i<board.size(); i++) { 
This loop gives us the number of rows.
for (int j = 0; j<board[0].size(); j++) { 
This inner loop is for the number of columns.
board[i][j] = ' ';
                This is used to assign each slot an empty space.

} }}


Figure 22
This function checks if a slot is available for a coloured disc.

“int col” = the columns.

“char ch” =  is used for both players “R” and “Y”.
	bool_checkIfSlotAvailable(vector<vector<char> > & board, int col, char ch) {

for (int i = 5; i >= 0; i--) {
Indexing starts from 0, so last row is 5 if we have 6 rows in total.

if (board[i] [col - 1] == ' ') {

board[i] [col - 1] = ch;
Assigning “char ch” to a free slot. 

return true;} 
    return false; if the program comes down here, it means we could not find free slot in the given column.}


Figure 23
This function checks right-to-left diagonal. The outer loop “if (x+3<=6 && y-3>=0” checks if we have 3 spaces for more discs. The inner loop checks if the slots are of the same characters.
	bool _checkRightToLeftDiagonal(vector<vector<char> > &board, int x, int y, char ch) {

    if (x + 3 <= 6 && y - 3 >= 0) { check for 3 discs
        if (board [x + 1] [y - 1] == 'R' && board [x + 2] [y - 2] == 'R' && board [x + 3] [y - 3] == 'R') {

            return true;

        }

    }

    


This function checks right-to-left diagonal up
	    if (x - 3 >= 0 && y + 3 <= 7) {

        if (board[x - 1][y + 1] == 'R' && board[x - 2][y + 2] == 'R' && board[x - 3][y + 3] == 'R') {

            return true;

        }

    }

    return false;

}


Figure 24
This function checks the diagonal.
	bool _checkLeftToRightDiagonal(vector<vector<char> > &board, int x, int y, char ch) {

    if (x + 3 <= 6 && y + 3 <= 7) {

        if (board [x + 1] [y + 1] == 'R' && board [x + 2] [y + 2] == 'R' && board [x + 3] [y + 3] == 'R') {

            return true;

        }

    }

    if (x - 3 >= 0 && y - 3 >= 0) {

        if (board [x - 1] [y - 1] == 'R' && board [x - 2] [y - 2] == 'R' && board [x - 3] [y - 3] == 'R') {

            return true;

        }

    }

    return false;}


Figure 25
This function checks if four discs are connected vertically up.
	bool _checkVerticalWin(vector<vector<char> > &board, int x, int y, char ch) {

    if (x - 3 >= 0) { If we have spaces available for 3 discs
        if (board [x - 1] [y] == 'R' && board [x - 2] [y] == 'R' && board [x - 3] [y] == 'R') {

            return true;

        }

    }




Function to check vertically down.
	 if (x + 3 <= 6) { If we have spaces for 3 discs down
        if (board [x + 1] [y] == 'R' && board [x + 2] [y] == 'R' && board [x + 3] [y] == 'R') {

            return true;

        }

    }

    return false;

}


Figure 26
This function checks if all 4 discs are connected horizonally.
	bool _checkHorizontalWin(vector<vector<char> > &board, int x, int y, char ch) {

Inspect only y’s change
   Check the adjacent 4 on the right.
    if (y + 3 <= 7) {3 disc spaces on right?
        if (board[x] [y + 1] == 'R' && board[x] [y + 2] == 'R' && board[x] [y + 3] == 'R') {

            return true;

        }

    }  
 Check the adjacent 4 on the left.
    if (y - 3 >= 0) {check for 3 spaces on the left.
        if (board[x][y - 1] == 'R' && board[x][y - 2] == 'R' && board[x][y - 3] == 'R') {

            return true;

        }

    }

    return false;

}


Figure 27
Checking all sides.
	bool _checkAllSides(vector<vector<char> > &board, int x, int y, char ch) {

    bool checkHorizontal = _checkHorizontalWin (board, x, y, ch);

    bool checkVertical = _checkVerticalWin (board, x, y, ch);

    bool checkLeftToRIghtD = _checkLeftToRightDiagonal (board, x, y, ch);

    bool checkRightToLeftD = _checkRightToLeftDiagonal (board, x, y, ch);

    return checkHorizontal || checkVertical || checkLeftToRIghtD || checkRightToLeftD;

}


Figure 28
This is the most complex function which checks if we have won.
	bool _checkIfWin(vector<vector<char> > &board, char ch) {

    for (int row = 0; row<6; row++) {

        for (int col = 0; col<7; col++) {

            if (board[row][col] == 'r') {

                bool check = _checkAllSides (board, row, col, ch);

                if (check == true) {

                    return true;

                }

            }

        }

    }

    return false;

}


Figure 29
This function checks if board is full
	bool _checkIfBoardFull(vector<vector<char> > &board) {

If there is an empty space on first row, then board is not full.
    for (int i = 0; i<7; i++) {
Row number is 0.

        if (board[0][i] == ' ') {
//If encountering an empty space then board is not full.
            return false;

        }

    }

    return true; Board full if program comes to this line.
}


Figure 30
	void printBoard(vector<vector<char> > &board) {

Passing the board with a reference.
    for (int i = 0; i<7; i++) {

        cout << i + 1 << "  ";

    }

    cout << endl;

    for (int i = 0; i<board.size(); i++) { 
//board.size () gives us number of rows

        cout << (i + 1) << " ";

        for (int j = 0; j<board[0].size (); j++) { 
//board [0]. size gives us number of columns

            cout << board[i][j] << " "; Printing the individual spot which is in the i th row and j th column.
       }

        cout << endl;

    }

}




Figure 31
This function has counter loop for player turns.
	int counter = 1; 
//The counter is for keeping players turn, if it's odd then it's player1 turn, if even-player2
while (true) {

        if (counter % 2 == 1) {
//If counter % 2 == 1, it means that counter is odd

            //player 1 turn

            int col;

            printBoard(board);

            cout << endl;

            cout << "Player 1 >> Enter a column number!";

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, 'R');

            while (!result) {

                bool checkBoard = _checkIfBoardFull(board);

                if (checkBoard == true) { 
               //Means the board is full
                    cout << "It's a draw.";

                    break;

                }

                cout << "No available spots in that columns, please try again";

                cin >> col;

                result = _checkIfSlotAvailable(board, col, 'R');

            }

            bool check = _checkIfWin(board, 'R');

            if (check == true) {

                cout << "Player 1 won!";

                break;

            }

        }

        else {

            Player 2’s turn.
            int col;

            printBoard(board);

            cout << endl;

            cout << "Player 2 >> Enter a column number!";

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, 'Y');

            while (!result) {

                cout << "no available spots in that columns, please enter another column";

                cin >> col;

                result = _checkIfSlotAvailable(board, col, 'Y');

            }

            bool check = _checkIfWin(board, 'R');

            if (check == true) {

                cout << "Player 2 won!";

                break;

            }

        }

        counter += 1; //The counter.
    }


Figure 32
The main function.
	int main() {

    vector<vector<char> > board(6, vector<char>(7));

    _initBoard(board);
A vector of 6 elements, where each vector is a vector, giving a 6 by 7 matrix.
    int counter = 1; 
//counter is for keeping players turn, if it’s odd then it’s player1 turn, if even-player2
    while (true) {
        if (counter % 2 == 1) { 
//if counter % 2 is 1 it means that counter is odd

            //player 1 turn

            int col;

            printBoard(board);

            cout << endl;

            cout << “Player 1 >> Enter a column number!”;

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, ‘R’);

            while (!result) {

                bool checkboard = _checkIfBoardFull(board);

                if (checkboard == true) { 
               //Means the board is full

                    cout << “It’s a draw.”;

                    break;

                }

                cout << “No available spots in that columns, please try again”;

                cin >> col;

                result = _checkIfSlotAvailable(board, col, ‘R’);

          }

            bool check = _checkIfWin(board, ‘R’);

            if (check == true) {

                cout << “Player 1 won!”;

                break;

            }

     }

        else {

            //player 2 turn

            int col;

            printBoard(board);

            cout << endl;

            cout << “Player 2 >> Enter a column number!”;

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, ‘Y’);

            while (!result) {

                cout << “no available spots in that columns, please enter another column”;

                cin >> col;

                result = _checkIfSlotAvailable(board, col, ‘Y’);

            }

            bool check = _checkIfWin(board, ‘R’);

            if (check == true) {

                cout << “Player 2 won!”;

                break;

            }

      }

     counter += 1;

    }

    printBoard(board);

    return 0;

}


Figure 33 how a screenshot of the compiled c++ game code running in a console. 
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Figure 34
4) Bugs
· An error is generated when a player enters a column number which is greater than 7.
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Figure 35
· When entering a column number, the discs where not aligned correctly, making it confusing for the players.
· When 4 discs were connected up either diagonally, horizonally or vertically, no response was given in the console. The author could not determine the cause.
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VII. appendix 1
#pragma warning(disable:4996)

#include "stdafx.h"                     

#include <string>

#include "Console.h"

#include "Application.h"

using namespace std;

int main(int args, char* argv[])

{


Console* console = new Console();


Application* application = new Application(console);


bool quit = false;


console->PrintLine("*****************************************************************************");


console->PrintLine("* This application is designed to allow you to select the number of numbers *");


console->PrintLine("* you wish to enter, and sum the numbers that you provide.                  *");


console->PrintLine("*****************************************************************************");


while (quit == false)


{



application->DisplayMenu();



application->ChooseOption();



quit = application->ProcessOption();


}


console->Pause();


delete application;


delete console;


return 0;

}

#include "stdafx.h"

#include "Console.h"

string Console::ReadString()

{


char text[100];


scanf("%99[^\n]s", text);


ClearInputBuffer();


return (string)text;

}

int Console::ReadInteger()

{


int number;


scanf("%i", &number);


ClearInputBuffer();


return number;

}

double Console::ReadDouble()

{


double number;


scanf("%lf", &number);


ClearInputBuffer();


return number;

}

void Console::ClearInputBuffer()

{


char ch;


while ((ch = getchar()) != '\n' && ch != EOF);

}

void Console::Print(string text)

{


printf("%s", text.c_str());

}

void Console::PrintLine(string line)

{


Print(line + "\r\n");

}

void Console::Pause(void)

{


while (1) { if (_kbhit()) break; }  // Pause


_getch();

}
#include "stdafx.h"

#include "Application.h"

#include <string>

#include <iostream>

using namespace std;

Application::Application(Console * console)

{


_console = console;


_chosenOption = 0;


_numNumbersReqd = 5;

}

void Application::DisplayMenu()

{


_console->PrintLine("Select an option");


_console->PrintLine("1. Add numbers");


_console->PrintLine("2. Change amount of numbers to be entered");


_console->PrintLine("3. Quit");

}

void Application::ChooseOption()

{


_chosenOption = ReadNumber("Please choose an option:");

}

int Application::ReadNumber(string prompt)

{


_console->Print(prompt);


return _console->ReadInteger();

}

bool Application::ProcessOption()

{


bool quit = false;


switch (_chosenOption)


{


case 1:



int total;



total = GetTotal();



DisplayResult(total);



break;


case 2:



_numNumbersReqd = ReadNumber("Please enter the number of numbers to be entered:");



break;


case 3:



quit = IsQuitting();



break;


default:



_console->PrintLine("Unknown option value entered");



break;


}


return quit;

}

int Application::GetTotal()

{


int total = 0;


int index;


for (index = 0; index < _numNumbersReqd; index++)


{



total = total + ReadNumber("Please Enter Number:");


}


return total;

}

void Application::DisplayResult(int result)

{


_console->PrintLine("###############################################################################");


_console->PrintLine("###############################################################################");


int copy = result;


int count = 1; //variable to store the digit number of result





   /*





   example:





   result = 123





   first step : (123 - (123 % 10)) / 10 = (123 - 3) / 10 = 12  => so we have discarded last digit of 123





   second step: (12 - (12 % 10)) /10 = (12 - 2)/10 = 1 => we have discarded last digit of 12





   third step :(1 - (1 %10 ))/10 = (1-1) /10 = 0  we end here because we reached zero





   */


copy = (copy - (copy % 10)) / 10;


while (copy > 0) {



copy = (copy - (copy % 10)) / 10;



count++;


}


if (result >= 10) {



//if result contains more then one digit, then we should decrease space number on both sides equally.



//Decreased space number should be digits of result - 1 .



string spaces = ""; //variable to store quantity of spaces we need 



for (int i = 0; i < 21 - count / 2; i++) { //we have 21 spaces on each side, so spaces on each side should decrease by count/2(because we want equal decrease on both sides)




spaces += " ";



}



_console->PrintLine("##################" + spaces + to_string(result) + spaces + "##################"); //we replace literal spaces with our variable on both sides


}


else {



_console->PrintLine("##################                     " + to_string(result) + "                     ##################");


}


_console->PrintLine("###############################################################################");


_console->PrintLine("###############################################################################");

}

bool Application::IsQuitting()

{


string response;


bool quit = false;


_console->Print("Do you really wish to quit?");


response = _console->ReadString();


if (response == "YES" || response == "yes" || response == "y")


{



_console->PrintLine("Quitting");



quit = true;


}


return quit;

}
#pragma once

#pragma warning(disable:4996)

#include <conio.h>                        

#include <string>

using namespace std;

class Console

{


// Attributes


// NONE


// Constructors


// NONE


// Properties


// NONE


// Methods

public:


string ReadString();


int ReadInteger();


double ReadDouble();


void Print(string text);


void PrintLine(string line);


void Pause(void);

private:


void ClearInputBuffer();

};

#pragma once

#include "Console.h"

class Application

{


// Attributes

private:


Console * _console;


int _chosenOption;


int _numNumbersReqd;


// Constructors

public:


Application(Console* console);


// Properties


// NONE


// Methods

public:


void DisplayMenu();


void ChooseOption();


bool ProcessOption();

private:


int ReadNumber(string prompt);


int GetTotal();


void DisplayResult(int result);


bool IsQuitting();

};

VIII. appendix 2
#include "stdafx.h"

#include <iostream>

#include <string>

using namespace std;

#pragma warning(disable:4996)

/*A function is required that can convert a string containing a chain of numbers separated by dash characters, and extracts the numbers into an array. It should take three arguments, firstly the string, secondly an array big enough to store the extracted numbers and thirdly the length of the array:

bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength)

For example, if the number is “120-34-5056” then the array should contain 120, 34 and 5056.

int  numbers[3];

bool splitSuccessful;

splitSuccessful = SplitIntoNumbers(“120-34-5056”, numbers, 3);

The function should return true if the string was split successfully, or false if it failed because the string contained letters e.g. “A234-56” or the provided array was too large or too small.

*/

struct TestValues

{

    string value;

    int startPos;

    int endPos;

    int expectedResult;

    TestValues(string v, int sp, int ep, int exp);

};

TestValues::TestValues(string v, int sp, int ep, int exp)

{

    value = v;

    startPos = sp;

    endPos = ep;

    expectedResult = exp;

}

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 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 (str[index] - '0' <= 9)

        {

            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 ConvertToNumber(const 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;

}

static bool SplitIntoNumbers(string digits, int stringLen, int numbers[], int arrayLength, char digitArray[])

{

    /*

    //char digitArray[] = digits.ToCharArray();

    char digitArray[2];

    for (int i = 0; i < digits.length; i++) {

    digitArray[i] = digits[i];

    }

    */

    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;

}

int main() {

    TestValues **testValues = new TestValues*[4]{

            new TestValues("1", 0, 0, 1),

            new TestValues("12", 0, 1, 12),

            new TestValues("123", 0, 2, 123),

            new TestValues("aa123", 2, 4, 123)

    };

    int number;

    for (int i = 0; i < 4; i++)

    {

        int start = (*(testValues + i))->startPos;

        int end = (*(testValues + i))->endPos;

        string s = (*(testValues + i))->value.c_str();

        number = ConvertToNumber(s.c_str(), start, end);

        if (number == testValues[i]->expectedResult)  //Did we get the expected result ? ?

        {

            // Test passed

            cout << "true" << endl;

        }

        else

        {

            // Test failed

            cout << "false" << endl;

        }

    }

    for (int i = 0; i < sizeof(*testValues); i++)

    {

        delete testValues[i];

    }

    delete testValues;

    return 0;

IX. appendix 3

#include "stdafx.h"

#include <iostream>

#include <vector>

using namespace std;

#pragma warning(disable:4996)

//connect4 by Asgar Ali

void _initBoard(vector<vector<char> > & board) { //use for reference to change original board

    for (int i = 0; i<board.size(); i++) { //board.size() gives us number of rows

        for (int j = 0; j<board[0].size(); j++) { //board[0].size gives us number of cols

            board[i][j] = ' ';

        }

    }

}

bool _checkIfSlotAvailable(vector<vector<char> > & board, int col, char ch) {

    for (int i = 5; i >= 0; i--) {

        if (board[i] [col - 1] == ' ') {

            board[i][col - 1] = ch;

            return true;

        }

    }

    return false;

}

bool _checkRightToLeftDiagonal(vector<vector<char> > &board, int x, int y, char ch) {

    //check rightToleft diagonal down

    if (x + 3 <= 6 && y - 3 >= 0) {

        if (board [x + 1] [y - 1] == 'R' && board [x + 2] [y - 2] == 'R' && board [x + 3] [y - 3] == 'R') {

            return true;

        }

    }

    //check rightToleft diagonal up

    if (x - 3 >= 0 && y + 3 <= 7) {

        if (board [x - 1] [y + 1] == 'R' && board [x - 2][y + 2] == 'R' && board[x - 3][y + 3] == 'R') {

            return true;

        }

    }

    return false;

}

bool _checkLeftToRightDiagonal(vector<vector<char> > &board, int x, int y, char ch) {

    //check leftToRight diagonal down


    if (x + 3 <= 6 && y + 3 <= 7) {

        if (board[x + 1][y + 1] == 'R' && board[x + 2][y + 2] == 'R' && board[x + 3][y + 3] == 'R') {

            return true;

        }

    }

    if (x - 3 >= 0 && y - 3 >= 0) {

        if (board[x - 1][y - 1] == 'R' && board[x - 2][y - 2] == 'R' && board[x - 3][y - 3] == 'R') {

            return true;

        }

    }

    return false;

}

bool _checkVerticalWin(vector<vector<char> > &board, int x, int y, char ch) {

    //check vertically up

    if (x - 3 >= 0) {

        if (board[x - 1][y] == 'R' && board[x - 2][y] == 'R' && board[x - 3][y] == 'R') {

            return true;

        }

    }

    //check vertically down

    if (x + 3 <= 6) {

        if (board[x + 1][y] == 'R' && board[x + 2][y] == 'R' && board[x + 3][y] == 'R') {

            return true;

        }

    }

    return false;

}

bool _checkHorizontalWin(vector<vector<char> > &board, int x, int y, char ch) {

    //check adjacent 4 on right

    if (y + 3 <= 7) {

        if (board[x][y + 1] == 'R' && board[x][y + 2] == 'R' && board[x][y + 3] == 'R') {

            return true;

        }

    }

    //check adjacent 4 on left

    if (y - 3 >= 0) {

        if (board[x][y - 1] == 'R' && board[x][y - 2] == 'R' && board[x][y - 3] == 'R') {

            return true;

        }

    }

    return false;

}

bool _checkAllSides(vector<vector<char> > &board, int x, int y, char ch) {

    bool checkHorizontal = _checkHorizontalWin(board, x, y, ch);

    bool checkVertical = _checkVerticalWin(board, x, y, ch);

    bool checkLeftToRIghtD = _checkLeftToRightDiagonal(board, x, y, ch);

    bool checkRightToLeftD = _checkRightToLeftDiagonal(board, x, y, ch);

    return checkHorizontal || checkVertical || checkLeftToRIghtD || checkRightToLeftD;

}

bool _checkIfWin(vector<vector<char> > &board, char ch) {

    for (int row = 0; row<6; row++) {

        for (int col = 0; col<7; col++) {

            if (board[row][col] == 'r') {

                bool check = _checkAllSides(board, row, col, ch);

                if (check == true) {

                    return true;

                }

            }

        }

    }

    return false;

}

bool _checkIfBoardFull(vector<vector<char> > &board) {

    for (int i = 0; i<7; i++) {

        if (board[0][i] == ' ') { //if encounounterd empty space then board is not full

            return false;

        }

    }

    return true;

}

void printBoard(vector<vector<char> > &board) {

    for (int i = 0; i<7; i++) {

        cout << i + 1 << "  ";

    }

    cout << endl;

    for (int i = 0; i<board.size(); i++) { //board.size() gives us number of rows

        cout << (i + 1) << " ";

        for (int j = 0; j<board[0].size(); j++) { //board[0].size gives us number of cols

            cout << board[i][j] << " ";

        }

        cout << endl;

    }

}

int main() {

    vector<vector<char> > board(6, vector<char>(7));

    _initBoard(board);

    int counter = 1; //counter is for keeping players turn, if it's odd then it's player1 turn, if even-player2

    while (true) {

        if (counter % 2 == 1) { //if counter % 2 is 1 it means that counter is odd

            //player 1 turn

            int col;

            printBoard(board);

            cout << endl;

            cout << "Player 1 >> Enter a column number!";

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, 'R');

            while (!result) {

                bool checkBoard = _checkIfBoardFull(board);

                if (checkBoard == true) { //means board is full

                    cout << "It's a draw.";

                    break;

                }

                cout << "No available spots in that columns, please try again";

                cin >> col;

                result = _checkIfSlotAvailable(board, col, 'R');

            }

            bool check = _checkIfWin(board, 'R');

            if (check == true) {

                cout << "Player 1 won!";

                break;

            }

        }

        else {

            //player 2 turn

            int col;

            printBoard(board);

            cout << endl;

            cout << "Player 2 >> Enter a column number!";

            cin >> col;

            bool result = _checkIfSlotAvailable(board, col, 'Y');

            while (!result) {

                cout << "no available spots in that columns, please enter another column";

                cin >> col;

                result = _checkIfSlotAvailable(board, col, 'Y');

            }

            bool check = _checkIfWin(board, 'R');

            if (check == true) {

                cout << "Player 2 won!";

                break;

            }

        }

        counter += 1;

    }

    printBoard(board);

    return 0;
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