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[bookmark: _Toc1936235]Introduction

C is a starter programming language that can create a variety of programs. This report will demonstrate the theory behind writing in C and some of the different programs that can be developed.



1. [bookmark: _Toc1936236]Understanding writing a program in C

This section will answer questions designed to demonstrate an understanding of developing program using the language C.

1.1 [bookmark: _Toc1936237]What is a variable and why are they important in writing programs?

To be able to store data in a program, the type of data must first be declared using a variable. There are several types of variables which can define the data that is held within, they are:
· Characters (Char) - used to hold a single letter
· Integers (Int) - used to hold whole numbers
· Floats (float) – used to hold numbers with a decimal point
· Strings – used to hold multiple letters
Variables are essential when it comes it programming as it allows for flexible programs as they allow for values to change. Defining the variable before writing the code for the program tells the system how much storage to create for the variable [1]. Because of this, a variable must be declared at the beginning of the program. See below for examples of how different types of data are declared in C:

· Int firstnumber=2; This declares there is a variable as a whole number called “firstnumber” and its value is 2. The placemarker for an integer is %d.
· Float myfloat=2.5; This declares a variable as a as a number with a decimal called “myfloat” and its value is set as 2.5. The placemarker for a float is %f.
· Char x=’x’; This declares a variable as a single letter called “x” with its value as x. With the variable char, the value must be enclosed in a single quote. The placemarker for a char is %c.

1.2 [bookmark: _Toc1936238]Loops, For loops and counting loops

A loop will repeat a series on instructions until a set condition is met. This condition could be guessing an age, meaning a line of code will keep repeating until the correct age is guessed. The correct age would be declared before the program. There are two types of loop commands: for loop and while loop.
A while loop is used to repeat a line of code until the condition is met, so the example above of guessing an age until it is guessed correctly would use a while loop. There is no set number of repeats for the code, it will simply keep looping around until the condition.

A for loop is used when it is known how many times a line of code is to be repeated. A defined integer will count up from its initial value, repeating a line of code until the set limit is reached. A good example to consider is for displaying a table of multiplication. See figure 1 for the code where the end product would be the seven times table up to 7 X 10 with relevant annotations.
[image: ]The variable “table” has the value 7. The for loop sets the rule that i=1 and is multiplied by 7 until i=10 using the i++ command. Figure 1 -  For loop 

The sums of these multiplications are presented using the prinft command.
For loops can also be referred to as a counting loop, both serving the same function of counting up from the initial integer until the end limit is reached [2]. As mentioned above, an example of when this command would be used would be to display a multiplication table.

1.3 [bookmark: _Toc1936239]What are arrays used for?

An array is a collection of a type of data that must be the same. They are used to store data and are represented when an array variable is assigned a number. This allows data to be organised in a way that means a related set of values and be searched for or sorted easier [3].
Below is an example of how arrays are declared, followed by an example of why and how they can be used.
[image: ]Figure 2 -  Arrays

Figure 2 shows an array that stores multiples of 10 in an array variable. By putting the (i) in the printf command, all numbers will be displayed when the program is run. The mynumbers is declared at 5 as there are 5 elements, from mynumbers[0] to mynumbers[4]. By replacing the (i) in the printf command, any of the stored values can be displayed by putting the corresponding variable number.
Why would we use arrays? A good example is to use it as a data store and then find the average of the data. Consider a record of income over a year. Data can be stored for a corresponding month in the appropriate array element for each month of the year, then a sum can be included in the program to find the average income. 






2. [bookmark: _Toc1936240]Implementation of C

This section will demonstrate solutions to various problems faced when using C to program. Comments will be highlighted and stored within “//” markers.


2.1 [bookmark: _Toc1936241]Variables and value types

As stated in section 1.1, variables can hold several types of values. The program will:
· Ask the user their name, age and height
· Store the variables using “scanf”
· Print the results back to the user


#include <stdio.h>

void main()
{
	char name[10]; //this gives the user up to 10 characters to enter their name//
	int age; //variable used to store the users age//
	float height; //variable used to store the users height//

	printf("Please enter your name!\n");
	scanf("%s", &name);

	printf("Hello %s !\n", name); //prints the output “name” back to the user//

	printf("How old are you?\n");
	scanf("%d", &age);
	printf(" You are %d years old!\n", age); //prints the “age” of the user//

	printf("How tall are you in metres %s?\n", name);
	scanf("%f", &height);
	printf("%.2f metres! That's tall!\n", height); //prints the “height” of the user//

}

Figure 3, 4 and 5 show several outcomes of this program. It is possible to break it by entering incorrect values as seen below.
[image: ]Figure 3 - A successful run, this displays all outputs correct






[image: ]Figure 4 - Almost successful, here a decimal number is entered where an integer was expected, causing the output to malfunction
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Figure 5 - Special characters are entered here to show how the program reacts when none of the expected variable types are entered. It reacts by given totally random responses.








[bookmark: _Toc1936242]2.2 Calculating the area of a shape

To create a program that can figure out the area of the shaded shape, the program will need the dimensions of the shapes. In this case, there is a triangle within a circle. The program needs to figure out the area of the shaded area that the triangle does not fill. This means that the code must:

· Prompt user to enter dimensions of triangle and circle (In this case, the triangle base/height and the radius of the circle)
· Declare the value of PI (3.14) 
· Store these dimensions using the scanf function
· Carry out equation to calculate the area of the circle and the triangle  
· Calculate the area of the shaded shape by taking the area of the triangle away from the area of the circle











#include <stdio.h>
#define PI 3.14 // this means PI will always have the value 3.14 when called upon//
void main()
{


	float radius; //the variable radius will be shown as a float//
	float radiussquared; 
	int circle; //holds the area of the circle as an integer//
	int height;
	int base;
	int baseheight; // holds the sum of height times base//
	float triangle; //holds the sum of baseheight divided by 2//
	float shade; //this will hold the value of the shaded area//


	printf(" Please enter the Radius!\n");
	scanf("%f", &radius);

	radiussquared = radius * radius; // multiplies the radius by itself to get radius squared//
	circle = radiussquared * PI; // calculates area of circle//

	printf("The area of the circle is %d \n", circle);


	printf("Please enter the height of the triangle!\n");
	scanf("%d", &height);

	printf("Please enter the base of the triangle!\n");
	scanf("%d", &base);

	baseheight = base * height; //multiplies the base times height//
	triangle = (float)baseheight / 2; //divides the sum of the above by 2//


	printf(" The area of the triangle is %f \n", triangle);
	shade = circle - triangle; // Minuses the triangle from the circle to get the area of the shaded area//
	if (triangle > circle)
	{
		printf(" Please try again and  ensure the dimensions of the triangle are less than the circle.\n"); //this statement is shown if the area of the triangle is greater than the area of the circle, prompting the user to try again to avoid the negative number they will see in the result//
	}

	if (triangle <= circle);
	{

		printf(" The area of the shaded area is %.2f\n", shade); //this statement prints the result if the result is a positive number, meaning the circle is greater than the area//
	}
}







The following images show the different outcomes of the program, again ranging from successful to broken.


[image: ]

Figure 6 -  A successful run of the program that calculates the shaded area










[image: ]
Figure 7 -  As the triangle is larger than the circle due to dimensions entered, the program asks the user to try again to prevent a negative number outcome











[image: ]Figure 8 -  By entering a word as a response, the program breaks and gives random outcomes



















[bookmark: _Toc1936243]2.3 Using arrays as part of a calculation

As discussed previously, arrays are used to store multiple items of data in a variable. This program is designed to ask the user to input fives values into the variable and calculate the total plus 20%. To do this, the program will need to do the following:
· Allow the user to enter the price of five products using arrays
· Using the data stored in the arrays, calculate the total using a sum
· Store this total and calculate 20% of this total for the VAT
· Store the VAT and add it to the total using a sum
· Print the total plus VAT on screen

#include <stdio.h>
void main()
{
	int value;
	int price[5]; //this is an array, storing five different values for “price”//
	int total = 0; // declares the initial total as 0 to allow for a running total//
	int vat; //will store the calculated VAT//
	int vattotal; //stores the running total and VAT//




	for (value = 0; value <= 4; value++) // repeats the printf text 5 times and stores the response for each as price, so price0 – price4 will have its own value//
	{
		printf("Enter the value of the products to the nearest whole number!");
		scanf("%d", &price[value]); //stores each price value//


	}

	for (value = 0; value <= 4; value++)
	{
		total = total + price[value]; //this calculates the running total, so adds each value entered 5 times//

	}

	printf("The total value is %d\n", total);

	vat = total / 5;
	printf("The VAT of the total %d\n", vat); //calculates the VAT and prints//

	vattotal = vat + total;
	printf(" The total including VAT is %d", vattotal); //adds total and VAT to give overall total//

}

    The diagrams on the following page show a successful run and an unsuccessful run of the program.
[bookmark: _Toc1936244][image: ]Figure 9 A successful run on the program






[bookmark: _Toc1936245][image: ]Figure 10 A decimal causes the program to break













[bookmark: _Toc1936246]2.4 Generating Random Numbers

Random numbers can be generated using C by including a “stdlib.h” header file. This header file, seen in the code below, can bring a function called rand() which generates a positive number [4]. By using this function, we can create programs that generate random numbers. The code below generate a program that imitates a jackpot reel machine, it is designed to:
· Ask the user if they want to play
· If they respond “y”, the game begins
· Three random numbers generate on the screen
· If two numbers are the same, the program will print they have won (10 X the random number) points
· If all three numbers are the same, the program will print they have won (100 X the random number) points (e.g three 5’s will reward 500 points) plus the amount won for having two numbers, so in this case 550
· If all three numbers are different, a message prints to say they have not won
· If the user responds “n”, the program will not run


#include <stdlib.h> //the header file that contains the rand function//
#include <stdio.h>
#include <time.h>

void main()
{
	int mynumbers[3];
	int low = 1; //sets the lowest number for the game at 1//
	int high = 5; //sets the highest number for the game at 5//
	int i;
	char response;
	srand(time(NULL)); //seeds the random number generator with the system clock//

	printf("Would you like to play Jackpot? Y/N \n");
	scanf(" %c", &response);

	if (response == 'y') //if the user responds “y”, the game begins//
	{



		for (i = 0; i < 3; i++)
		{
			mynumbers[i] = rand() % (high - low + 1) + low;
		} //this is the function that generates the random number//

		printf("The numbers are: ");

		for (i = 0; i < 3; i++)
		{
			printf("%d", mynumbers[i]);
		}

		if (mynumbers[0] == 5 && mynumbers[1] == 5 && mynumbers[2] == 5)
		{
			printf(" Congrats, you have won 500 points!\n");
		} // the three numbers are 5, user wins 500 points//

		if (mynumbers[0] == 4 && mynumbers[1] == 4 && mynumbers[2] == 4)
		{
			printf(" Congrats, you have won 400 points!\n");
		} // three numbers are 4, user wins 400 points//
		if (mynumbers[0] == 3 && mynumbers[1] == 3 && mynumbers[2] == 3)
		{
			printf(" Congrats, you have won 300 points!\n");
		} // three numbers are 3, user wins 300 points//

		if (mynumbers[0] == 2 && mynumbers[1] == 2 && mynumbers[2] == 2)
		{
			printf(" Congrats, you have won 200 points!\n");
		} //three numbers are 2, user wins 200 points//

		if (mynumbers[0] == 1 && mynumbers[1] == 1 && mynumbers[2] == 1)
		{
			printf(" Congrats, you have won 100 points!\n");
		} //three numbers are 1, user wins 100 points//

		else if (mynumbers[0] == 1 && mynumbers[1] == 1)
		{
			printf(" Congrats, you have won 10 points!\n");
		} // two numbers are 1, user wins 10 points//
		else if (mynumbers[0] == 1 && mynumbers[2] == 1)
		{
			printf(" Congrats, you have won 10 points!\n");
		}
		else if (mynumbers[1] == 1 && mynumbers[2] == 1)
		{
			printf(" Congrats, you have won 10 points!\n");
		}
		else if (mynumbers[0] == 2 && mynumbers[1] == 2)
		{
			printf(" Congrats, you have won 20 points!\n");
		} // three numbers are 2, user wins 20 points//
		else if (mynumbers[0] == 2 && mynumbers[2] == 2)
		{
			printf(" Congrats, you have won 20 points!\n");
		}
		else if (mynumbers[1] == 2 && mynumbers[2] == 2)
		{
			printf(" Congrats, you have won 20 points!\n");
		}
		else if (mynumbers[0] == 3 && mynumbers[1] == 3)
		{
			printf(" Congrats, you have won 30 points!\n");
		} // three numbers are 3, user wins 30 points//
		else if (mynumbers[0] == 3 && mynumbers[2] == 3)
		{
			printf(" Congrats, you have won 30 points!\n");
		}
		else if (mynumbers[1] == 3 && mynumbers[2] == 3)
		{
			printf(" Congrats, you have won 30 points!\n");
		}
		else if (mynumbers[0] == 4 && mynumbers[1] == 4)
		{
			printf(" Congrats, you have won 40 points!\n");
		} // three numbers are 4, user wins 40 points//

		else if (mynumbers[0] == 4 && mynumbers[2] == 4)
		{
			printf(" Congrats, you have won 40 points!\n");
		}
		else if (mynumbers[1] == 4 && mynumbers[2] == 4)
		{
			printf(" Congrats, you have won 40 points!\n");
		}
		else if (mynumbers[0] == 5 && mynumbers[1] == 5)
		{
			printf(" Congrats, you have won 50 points!\n");
		} // three numbers are 5, user wins 50 points//

		else if (mynumbers[0] == 5 && mynumbers[2] == 5)
		{
			printf(" Congrats, you have won 50 points!\n");
		}
		else if (mynumbers[1] == 5 && mynumbers[2] == 5)
		{
			printf(" Congrats, you have won 50 points!\n");
		}
		
		else
		{
			printf("\nUnlucky, maybe next time!\n");
		} // no numbers the same, user wins no points//

	}

	if (response == 'n')
	{
		printf("Ok maybe another time!\n");
	} // user wishes not to play so this message is displayed//


}

Images found below show different outcomes of the program.
[image: ]
Figure 11 User chooses to play and gets three 2's, winning 200 points for three numbers and 20 points for two numbers


[image: ]
Figure 12 Use choose not to play



[image: ]Figure 13 User chooses to play, however as no numbers match, no prize is won

[image: ]
Figure 14 User chooses to play, as two numbers match, they win 20 points







3. [bookmark: _Toc1936247]Conclusion

When utilised correctly, programs that use C can create basic programs that can be valuable to those that need them. Some solutions may require to be simplified before the intended goal is reached, however this is the efficient way to getting a program to work. The main benefit of C is that people can have different approaches to how to solve a problem, meaning many solutions can be explored to find the most efficient.
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