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Part A (Understanding)
A1. What is a variable and why are they important in writing programs?
Ans: A variable is a memory location where a value can be stored for use by the program. This declaration specifies variable type to be stored in the memory location, and the range of values that can be stored within that memory [1]. 
[bookmark: _GoBack]The variable declaration, always before any executable codes, reserved specific memory location to assure the compiler that there is a variable with the given type and name so that the compiler can proceed for further compilation without requiring the actual value of the variable.
There are mainly 4 types of variables, Integer, Float, Character and Double
	
	Type
	example
	Storage Size
	Range

	Integer
	int
	 int num = 1
	2 bytes
	-32,768 to 32,767

	Float
	float
	float pi = 3.141
	4 bytes
	1.2E-38 to 3.4E+38 
(6 decimal places)

	Character
	char
	char x =’x’
	1 byte
	128 to 127 
or 0 to 255

	Double
	double
	Double pi =3.1415926536
	
	





A2. Explain why the for-loop can also be referred to as a counting-loop and give an example of when you would use it.
Ans: A counter loop normally consisted of 3 steps:-
Step 1: an initial counter value repeat until certain condition met
Step 2: a process to perform
Step 3: (loop counter) a controlled and consistent iteration of the loop
A “for-loop” consists of 3 parts
for (i = 0; i < 100; i++)         {…}

Step 3:
(loop counter) a controlled and consistent iteration of the loop

Step 2:
a process to perform

Step 1:
an initial counter value repeat until certain condition met




Example:A for-loop, count from 1 to 3 times and statement in each iteration
[image: ]

#include <stdio.h>
int main()
{
   int i;
   for (i=1; i<=3; i++)
   {
       printf("%d\n", i);
   }
}


A3. Explain what an array is, what their features are, and given an example of when you would use one.

Ans: An Array is a group of memory location which store a collection of data items, which all have the same type and accessible via a common name variable.

It is declared before any executable codes. 
Example the use of an array is to store list of Employee or Student names or to store marks of students

#include<stdio.h>An array stored Daniel’s module assignments mark
[image: ]



void main()
{
     int i;
     int j = 1001;
     float marks[3] = { 60.5, 70.0, 100.0 };      // Compile time array initialization
     for (i = 0; i < 3; i++)
         {
	printf("Daniel's Assignment module %d marks:%.2f\n", j++, marks[i]);
          }
}



Part B ( Implementation )
Exercise 1:
Show how variables can contains different types of values by declaring three variables that contain a name, a measure of height (e.g. 1.81cm) and a person’s age (e.g. 32). Input these values and display them on the screen.
Step 1.
Identify specific problems in completing the exercise.

There are 3 basic types of variable in C [2].
Each used in different ways to hold different type of vales:
	Data Type
	
	example

	char
	to store characters
	‘A’

	int
	to integers
	10

	float
	To store floating decimal numbers
	123.45



Step 2.
Write a clear analysis of the solutions, what logical stages are required.
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Step 3
Show a C code listing with annotations.

// Character/String (char/str[]) -- takes character or a string
#include <stdio.h>
void main()
{		char name[20]; // declaring a character string variable
		float height;  // decalring a decimal number variable
		float age;     // decalring a decimal numebr for age variable
		int agenum;    // decalring a integer variable for age, for converting an decimal age to integer

// this section request for user name and stored in the name variable and print user name
		printf("Enter your first name: ");
		scanf("%s", name);
		printf("Hello %s.\n\n", name);
// this section request user to enter height in meters and store & print the user height
		printf("Enter your height (in meters): ");
		scanf("%f", &height);
		printf("Your height is %.2f meters.\n\n", height);
// this section request user to enter age, and store & display the user age in integer
		printf("Enter you age: ");
		scanf("%f", &age);           // user can enter their age in decimal format e.g 21.5
		agenum = int(age);           // convert the user age to whole number
		printf("Your age is %d. \n", agenum);
}

Step 4.
Show testing (screenshots) that clearly demonstrate that the solutions work under all circumstances.


	Program code compiled correctly

	[image: ]

	

	Screen shot when the program executes correctly with correct inputs

	User enter correct values, and the program displayed the values correctly

	[image: ]

	

	Abnormal program behaviour

	User enter an integer instead of string of character

	But the variable will store the integer as string
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	User entered a string of characters instead of decimal

	The program excepted a float variable, is will display what value in the memory location

	[image: ]

	

	User entered a string of character instead of decimal

	The program excepted a float variable, is will display what value in the memory location

	[image: ]

	




Exercise 2:
Allow the user to enter the dimensions of shapes shown below (Figure 1), then calculate the area of the blue shaded part. Note: The triangular area in the centre is empty.


[bookmark: _Ref401827468]Figure 1 Calculate Shaded Area











Note: 
[bookmark: _Hlk1948754]Area of circle is given by 
[bookmark: _Hlk1948835]Area of triangle is given by 

Step 1.
Identify specific problems in completing the exercise.

The problem is to write a C program to calculate the remains of a solid circle with a hollow triangular centre.
Process is:
1. Calculate the area of the solid circle using 
Area (circle)  
r is the radius of the circle, entered by the user

2. Calculate the area of the hollow triangle using
Area (triangle) 
b is the base of the triangle,
h is the height of the triangle
both entered by the user

3. Subtract the area of triangle from circle
Area (remain) = Area (circle) – Area (triangle)

With conditions, assumptions that 
a. The hollow triangle must be inside the solid circle
b. The middle of the height is at the centre of the circle.
Initially the author assumptions were to check 2 conditions must satisfied in order to solve the problem.
· The height of the triangle must be less than the diameter of the circle
· The base of the triangle must be less than the diameter of the circle
Or half the base must be less than the radius of the circle

However, further tests of the code with different values, found that even though the height of the triangle is less than the diameter of the circle. Also, the base is less than the radius of the circle.
The code would calculate the remaining area of solid circle, even though the bottom of the triangle protruding out of the circle.
[image: ]





half base = 3.5
radius r = 5
Height h = 9
base = 7
half height = 4.5










From diagram shown the hollow triangle base is outside the solid circle.
Further investigation found that checks constrain the base with circle proves difficult.
One of the ways, is to know the equation of the circle, if the base of the triangle is outside of the triangle it will show 2 intersections with the base line.
Another method is assumed that the triangle is an equilateral triangle.
 Properties of an equilateral triangles within a circle are [3]:
· Where 3 sides of the triangle are equal.
· All 3 angles are 60o
· Centre of the triangle is the same as the centre of the circle
· Radius of the circle bisected the angle of the triangle by half 30o
So can found the length of the base and height of the triangle
[image: ]

Diagram of an equilateral triangle in a circle




















But this will reduce the shape of the triangle that fit into a circle.
The program should allow user to enter the height and base of the triangle.

Further research found that the maximum base of the triangle is determine by the length of the height and the radius of the circle.
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Pythagoras theorem stated that:
The length of “a” is related to length of “b” and length of “c” in a right-angle triangle
a =  √(b2 + c2)
c = √(a2 – b2)
c2 = (a2 – b2)
where  c = is the maximum length of the base at a given height of the triangle,
	       whether it touches the circle’s circumference
a = radius of the circle (r)
b = half of the height of the hollow triangle (h/2)

To ensure the hollow triangle is within the circle
The program will need to check.
· The height of the hollow triangle is less that the diameter of the solid triangle
· The length of the triangle base “B” must be less than the length of “c”
Therefore, condition set to check the maximum length of triangle base is
Length of base B/2 < √(r2 – (h/2)2



Step 2.
Write a clear analysis of the solutions, what logical stages are required.


[image: ]
Flow Chart to calculate the solid remains of a circle 
with a hollow triangle in the centre



























Step 3
Show a C code listing with annotations.

/*
Exercise 2
Allow the user to enter the dimensions of shapes of a
central hollow triangle within a circle solid.

Then calculate the area of the circular solid remains.

Note		: the triangular area in the centre is empty.
		: Area of circle is given by A = pi*r*r
		: Area of triangle is given by A = (b x h) /2
*/

#include <stdio.h>
#include <math.h>

void main()

{

	float tri_base, tri_height;								// variables for the triangle, base and height
	float cir_radius;										// variable for the circle, radius

	float area_triangle, area_circle, area_remain;						// variable for storing the area of triangle, 
												// circle and the remaining solid

	float pi = 3.141593;									// value for pi


	// calculate the area of circle
	printf("Please enter the radius of the circle? ");
	scanf("%f", &cir_radius);

	area_circle = pi * cir_radius * cir_radius;							// calculate area of the circle

	printf("area of circle %.2f\n\n", area_circle);


	// calculate the area of the hollow triangle

	printf("please enter the height of the hollow triangle? ");
	scanf("%f", &tri_height);

	// check whether the height of the triangle is taller that the diameter of the circle
	while (cir_radius <= (tri_height / 2))
	{
		printf("*** the length of the height must be shorter than the diameter of the circle\n");
		// inform user the maximum length of triangle height
		printf("*** Maximum length of the height must be less than %.2f\n", cir_radius * 2);
		printf("\n");
		printf("please enter the height of the empty triangle? ");
		scanf("%f", &tri_height);

	}

	// check whether the length of base is outside the circle
	printf("\n\n");
	printf("please enter the base of the hollow triangle? ");
	scanf("%f", &tri_base);

	// condition to check whether the triangle base is greater than the maximum base length at given height of triangle
	while ((cir_radius * cir_radius) < (((tri_base * tri_base) / 4) + ((tri_height * tri_height) / 4))) 
	{
		printf("*** the length of the base must be within the circle\n");
		// inform user the maximum length of triangle base
		printf("*** Maximum length of the base must be less than %.2f\n", (sqrt((cir_radius * cir_radius) - ((tri_height * tri_height) / 4))) * 2 );
		printf("\n");
		printf("please enter the base of the hollow triangle? ");
		scanf("%f", &tri_base);
	}
// once the height and base of the triangle are within the circle
// proceed to calculate the area of the hollow triangle
	area_triangle = (tri_base * tri_height) / 2;

	printf("area of the hollow triangle is %.2f \n\n", area_triangle);

// calculate the remaining area of the solid circle
	area_remain = area_circle - area_triangle;
	printf("area of the remaining solid part of the circle is %.2f\n\n", area_remain);
// end of program
} 


Step 4.
Show testing (screenshots) that clearly demonstrate that the solutions work under all circumstances.

Test is using a correct data set of
Radius of solid circle = 5
Height length of the hollow triangle = 9
Base length of the hollow triangle = 4

	Program code compiled correctly
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	Screen shot when the program executes correctly with correct inputs

	[image: ]

	

	Screen shot when the program executes correctly with check criteria of the length and base of the hollow triangle

	Input lengths of the triangle longer than the radius of the circle.
Testing the while loop to ensure the correct lengths of the triangle are inputted.
Testing the condition for checking the maximum length of height of triangle.
Testing the condition for checking the maximum length of base of the triangle.

	[image: ]



	

	Screen shot when the program executes correctly with boundary data

	correct maximum base length calculated and advice.
new length of base inputted

	[image: ]

	

	User enter decimals values

	With correct results

	[image: ]

	

	Abnormal program behaviour

	User enter an alpha numeric character for radius

	user entered an alpha numeric character.
created a continuous while loop

	[image: ]




	

	User enter an alpha numeric character for height of the triangle

	user entered an alpha numeric character.
created a continuous while loop

	[image: ]

	


	User enter an alpha numeric character for base of the triangle

	user entered an alpha numeric character.
created a continuous while loop

	[image: ]

	





Exercise 3:
Write a program that allows the user to enter the price of 5 products into an array. Once all the prices are entered calculate the total price, and then calculate the total price plus 20% VAT.
Step 1.
Identify specific problems in completing the exercise.
The program will use a for loop to loop 5 times to ask user to enter 5 products prices.
and the prices will be stored in an array.
Because the array starts from product[0]
So an extra loop counter to display the first product from 1, product[1]
Step 2.
Write a clear analysis of the solutions, what logical stages are required.
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Step 3
Show a C code listing with annotations.

/*
Exercise 3:
Write a program that allows the user to enter the price of 5 products into an array. 
Once all the prices are entered calculate the total price, 
and then calculate the total price plus 20% VAT.

*/

#include <stdio.h>

void main()

{
	float price[5];									// an array variable to store 5 products price

	float sum_price, vat_price;								// variable for sum of 5 products and the VAT price

	int vat = 20;									// VAT percentage
	int i, x;										// loop i for the product number, x for the number product prices


	printf("this program allow user to enter 5 product prices\n");
	printf("then calculate the sum\n");
	printf("then the sum price includes 20 %% VAT\n\n");

	sum_price = 0;
	x = 0;
	for (i = 1; i <= 5; i++)
	{
		printf("Please enter the product %d price: \n", i);
		scanf("%f", &price[x]);

		x++;

	}

	i = 0;											          // reset the counter back to zero
	x = 0;
	sum_price = 0;

	for (i = 0; i < 5; i++)										        // adding all the product prices together
	{
		sum_price = sum_price + price[x];
		x++;
	}

	printf("Total is %.2f \n", sum_price);							// display the total product price

	vat_price = ((sum_price * vat) / 100) + sum_price;					// calculate product price total + vat

	printf("Total include 20%% VAT is %.2f \n", vat_price);					// display the total product price + vat

// program end
}


Step 4.
Show testing (screenshots) that clearly demonstrate that the solutions work under all circumstances.

	Program code compiled correctly

	Program compiled correctly

	[image: ]

	

	Screen shot when the program executes correctly with correct inputs

	User entered 5 products with integer prices

	Program able to store 5 prices and calculate the products prices and the VAT
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	User entered 5 products with decimal prices

	Program able to store 5 prices and calculate the products prices and the VAT

	[image: ]




	Abnormal program behaviour

	When negative price entered

	the program takes negative prices and subtract the prices from the total

	[image: ]

	

	When alpha numeric is entered

	

	[image: ]




Exercise 4
Build a fruit machine game which represents the 3 reels of symbols using numbers ranging
from 1 to 5. Allow the user to have as many goes as they like (the numbers are chosen randomly each time).

the value of 5 will be treated as the "Jackpot" symbol. The scoring will be as follows:
*** Any three of the same numbers (excluding five) will pay a bonus of 20 points
e.g.
4 4 4
3 3 3
1 1 1, etc.

*** Any combination of two fives will pay out 100 points 
e.g.
5 5 3
5 4 5
5 5 1, etc.

*** There fives pay out the big jackpot of 2000 points.

The points the player has scored should be displayed and the player should be asked if they wish
to make another spin.

Option for the player to choose either display with 
Non-cumulation score version
or
Cumulative score version

Step 1.
Identify specific problems in completing the exercise.

Initially was planning to code the program with a function to generate the random numbers, however, the random always generate the same results. Reason was because every time the function was called was so quick, it uses the same time to generate the random number. Only way was to remove the 

srand(time(NULL));

in the function code, to generate random numbers. But decided to keep the random generator within the main body of the code.

Also, was hoping to uses a “Case” to trap different conditions, but in the end decide to uses “IF..ELSE” loops. Which is more straight forward.


Step 2.
Write a clear analysis of the solutions, what logical stages are required.
[image: ]


Step 3
Show a C code listing with annotations.


/*
Exercise 4
Build a fruit machine game which represents the 3 reels of symbols using numbers ranging
from 1 to 5. Allow the user to have as many goes as they like (the numbers are chosen randomly each time).

the value of 5 will be treated as the "Jackpot" symbol. The scoring will be as follows:
*** Any three of the same numbers (excluding five) will pay a bonus of 20 points
e.g.
4 4 4
3 3 3
1 1 1, etc.

*** Any combination of two fives will pay out 100 points 
e.g.
5 5 3
5 4 5
5 5 1, etc.

*** There fives pay out the big jackpot of 2000 points.

The points the player has scored should be displayed and the player should be asked if they wish
to make another spin.

Option for the player to choose either display with 
Non-cumulation score version
or
Cumulative score version
*/


#include <stdio.h>
#include <stdlib.h>
#include <time.h>


void main()

{
	int myreel1, myreel2, myreel3;      				// 3 variables to store the random numbers generated to represent 3 reels
	int total = 0;						// cumulated value after each turn

	int score = 0;						// value earn after each turn

	int low = 1;                        					//lowest of range
	int high = 5;                       					//highest of range

	char playagain = 'y';					// boolean value request player to 'y' to spin again, 'n' to finish

	char tote_up;						// boolean value request player to tote up total after each spin


	srand(time(NULL));					//seed randomness

// Display to player the purpose of the program and to how to score points.
	printf("The program automatically roll 3 reels.\n");
	printf(" 3 reels = 5 gives 2000 points.\n");
	printf(" 3 reels any other numbers 20 points.\n");
	printf(" any 2 reels = 5 gives 100 points.\n");
	printf(" other values, no points\n");
	printf("Would you like to tote up the scores as you play? (\'y\' -- tote up OR \'n\' -- no)\n"); // option for user to cumulate scores
	scanf(" %c", &tote_up);

	
	printf("Ready, Spin? (\'y\' - start OR \'n\' - end) ");						// request player to start and spin again
	scanf(" %c", &playagain);


// repeated loop for player to spin the reels
	while (playagain == 'y')

	{
// function to generate 3 random numbers from 1 to 5
		myreel1 = rand() % (high - low + 1) + low;
		myreel2 = rand() % (high - low + 1) + low;
		myreel3 = rand() % (high - low + 1) + low;

// alternative display the 3 ramdom reels
//		printf("the number it rolled Reel 1 is %d\n", myreel1);
//		printf("the number it rolled Reel 2 is %d\n", myreel2);
//		printf("the number it rolled Reel 3 is %d\n\n", myreel3);

// display the 3 ramdom reels values
		printf(" %d %d %d\n", myreel1, myreel2, myreel3);


// checked the reels for same numbers
		if ((myreel1 == myreel2) && (myreel1 == myreel3))					// check 3 numbers are the same
		{
			if (myreel1 == 5)								// if they are 3 5's the score = 2000
			{
				score = 2000;
			}
			else
			{
				score = 20;							// any other 3 same numbers, the score = 20
			}
		}

		else if (myreel1 == 5 && myreel2 == 5)						// check any of the 2 reels are 5s, score = 100
		{
			score = 100;
		}
		else if (myreel1 == 5 && myreel3 == 5)
		{
			score = 100;
		}
		else if (myreel2 == 5 && myreel3 == 5)
		{
			score = 100;
		}

// conditions to cumulate or non-cumulate score to total
// and display the spin result, and total

		// check player have won
		// if cumulative, calculate the total
		// if non cumulative, set total = score of the current round
		// display with cumulative total or without cumulative total versions
		if ((score > 0) && (tote_up == 'y'))
		{
			total = total + score;
			printf("You win %d, and your total points are %d\n\n\n", score, total);
		}

		if ((score > 0) && (tote_up == 'n'))
		{
			total = score;
			printf("You win %d, and your total points are %d\n\n\n", score, total);
		}

		// check player have lost
		// if cumulative, calculate the total (but it will be always total = total
		// if non cumulative, set total = score of the current round
		// display with cumulative total or without cumulative total versions
		if ((score <= 0) && (tote_up == 'y'))
		{
			total = total + score;
			printf("You lose %d, and your total points are %d\n\n\n", score, total);
		}
		if ((score <= 0) && (tote_up == 'n'))
		{
			total = score;
			printf("You lose %d, and your total points are %d\n\n\n", score, total);
		}

// ask Player to spin again?
		printf("Ready, Spin? (\'y\' - start OR \'n\' - end) ");
		scanf(" %c", &playagain);

// reset the score value
		score = 0;
			   
	}
// *** end of while loop ***

// program terminated
	printf("Bye\n");
}








Step 4.
Show testing (screenshots) that clearly demonstrate that the solutions work under all circumstances.

	Program code compiled correctly

	


	
	

	Screen shot when the program executes correctly with correct inputs

	Cumulative score version
	Non-Cumulative score version

	Program code compiled correctly, displayed purpose of the program and the scores options.
It will ask player, whether to tote up the scores for each spin.

‘y’ for yes and ‘n’ for no
	Program code compiled correctly, displayed purpose of the program and the scores options.
It will ask player, whether to tote up the scores for each spin.

‘y’ for yes and ‘n’ for no
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	When three reels are fives and the score are toted up
	When three reels are fives and the score not toted up
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	When three reels are the same values but not fives and the score are toted up total
	When three reels are the same values but not fives and the score are not toted up to total
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	When any two reels are the same value fives and the score are toted up to total.
	When any two reels are the same value fives and the score are not toted up to total.
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	When on reels number are the same
	When on reels number are the same
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	Successful program terminated
	Successful program terminated
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	Abnormal program behaviour

	When ‘y’ not selected in tote up inputted
	

	When player did not select ‘y’ and ‘n’ not input by Player.
Program continue to generate random numbers and display values.
But did not add scores and cumulate total, and winning or losing message.
	

	[image: ]
	

	
	

	When ‘y’ selected for tote up scores, but not ‘y’ or ‘n’ to play game
	

	When player selected ‘y’ to tote up scores, but did not input ‘y’ to play or ‘n’ to end the game.
Result the program terminate the game
	When player selected ‘n’ to not tote up scores, but did not input ‘y’ to play or ‘n’ to end the game.
Result the program terminate the game
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	When player entered ‘y’ twice to play the game
	

	When the player entered the ‘y’ twice to play the game, the program rolled twice
	When the player entered the ‘n’ twice to play the game, the program will terminate the game
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	When player did not input repeated ‘y’ or ‘n’ to play the game
	

	When player did not input repeated ‘y’ or ‘n’ to play the game, the program terminated.
	

	[image: ]
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Enter your first name
Hello Daniel.

Enter your height (in meters): 1.6
Your height is 1.66 meters.

Enter you age: 54.3
Your age is 54.

C:\Users\UWTSD\source\repos\exercise 1 variables\Debug\exercise 1 variables.exe (process 2468) exited with code @.
press any key to close this window .
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C:\Users\UNTSD\source\repos\exercise 1 variables\Debug\exercise 1 variables.exe (process 11760) exited with code 6.
Press any key to close this window .
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C:\Users\UWTSD\source\repos\exercise 1 variables\Debug\exercise 1 variables.exe (process 16152) exited with code @.
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please enter the base of the empty triangel? 7
please enter the height of the empty triangel? 9
area of the empty triangle is 31.56

Please enter the radius of the circle? 5
area of circle 78.54

area of the hollow circle is 47.64
C:\Users\UWTSD\source\repos\original area\Debug\original area.exe (process 10888) exited with code 6.
Press any key to close this window .
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please enter the base of the empty triangel? 7
please enter the height of the empty triangel? 9
area of the empty triangle is 31.56

Please enter the radius of the circle? 5
area of circle 78.54

area of the hollow circle is 47.64
C:\Users\UWTSD\source\repos\original area\Debug\original area.exe (process 10888) exited with code 6.
Press any key to close this window .
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C:\Users\UWTSD\source\repos\Exercise 2 area v2\Debug\Exercise 2 area v2.exe (process 8348) exited with code @.

Press any key to close this window .
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C:\Users\UWTSD\source\repos\Exercise 2 area v2\Debug\Exercise 2 area v2.exe (process 7112) exited with code 6.

Press any key to close this window .
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C:\Users\UNTSD\source\repos\Exercise 2 area v2\Debug\Exercise 2 area v2.exe (process 2844) exited with code 6.

Press any key to close this window .
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then calculate the sum
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C:\Users\UWTSD\source\repos\Exercise 3 vat\Debug\Exercise 3 vat.exe (process 1084) exited with code ©
Press any key to close this window .
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:\Users\UWTSD\source\repos\Exercise 3 vat\Debug\Exercise 3 vat.exe (process 2684) exited with code @.
Press any key to close this window .
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Users\UWTSD\source\repos\Exercise 3 vat\Debug\Exercise 3 vat.exe (process 1712) exited with code @.
Press any key to close this window .
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C:\Users\UWTSD\source\repos\Exercise 3 vat\Debug\Exercise 3 vat.exe (process 4812) exited with code @
Press any key to close this window .
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C:\Users\UTSD\source\repos\Exercise 4\Debug\Exercise 4.exe (process 6612) exited with code @.
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