

A1. What is a variable and why are they important?
A variable is a way of storing data in a computer program. Values will change when the program is compiled having variables is a friendly way of storing this information [1].  For variables to be used they must be declared and initialised, this is usually done at the beginning of the program (see Appendix A). For example, the area of a rectangle could contain variables for the area, length and width. The variables can store the information entered by the user in length and width make a calculation which is stored in area then return it to the user. This provides a way for the computer to store data that changes, this is important because it replaces the need to calculate separately every time the values for area and length change it also allows the programmer to access the information in a meaningful way, having meaningful names for variables is an important factor. A team could be working together on a development project having variables with meaningful names allows programmers to access each other’s code without confusion [1]. There are numerous naming conventions allocated to variables for the C language studied for this module these include not having spaces, special characters and keywords for C an example being scanf in any variable name (see Appendix A). The four common variable type in C are char, int, float and double (see Appendix A) which get allocated different amounts of memory, a single byte for char, four bytes for int and float with the double being allocated eight bytes [1]. These variable types char for a single character, int for a whole number, float for a number with a decimal up to six decimal places and double for a number with a decimal up to ten decimal places [1], this notifies the compiler of which type of data to expect. These variable types used inside the main function are local variables, there is also another type called global variables, which are declared outside the main function block [1]. In summary variables allow accessing, changing and storing of data.

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.

The for loop is a structure in programming to help make the code more efficient. The structure contains a start point an incrementor and an end point. It’s the incrementor that acts as the counting component of the loop hence the counting loop referral, a simple example is illustrated in figure 1.

for (startpoint=1 ; endpoint<10; incrementor++)
Figure 1: Basic for loop structure (See Appendix B)

In the above example the initialised value is set to one, the end point is less than ten and for each iteration the value of one will be added until nine is reached, this is the endpoint. A for loop is used when the number of iterations is known. An example of a for loop would be an entry of a PIN number to perform a financial action, the number of entries (endpoint) can be set to a certain number within the loop structure, when the number of times the user enters the number incorrectly exceeds this number the loop will end (endpoint) access to the service can be denied. The contrast with a while loop is, a for loop is used the number of iterations is known and set, in figure 1 for example its set to less than ten, a while loop will continue to loop until a statement is true, the user can dictate whether the statement is true or not (See Appendix B). This is highlighted in question four where the user decides how many times they will play the jackpot game. There is also the do while loop, which is like the while loop but will check the condition at the end of the loop as a pose to the beginning [2]. 
Figure 2 highlights the do while loop [2].


[image: ]
Figure 2: The do while loop [2]

A3. Explain what an array is, what their features are, and give an example of when you would use one.
Arrays provide a way of assigning multiple data items to a variable as a pose to holding single values (See Appendix C). In the C language used for this module the value always starts at zero. There are two types of array one dimensional and multi-dimensional (See Appendix C), for example a one-dimensional array assigned to a string could hold the value for a month whilst a multi-dimensional array could hold the twelve months of the year. Figure 3 shows a one-dimensional array and how the values are stored starting at zero.
char month [4] = June;
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Figure 3: One dimensional array

Figure 4 highlights a multi-dimensional array storing the twelve months of the year
char months [12] [9] = {“January”, “February”, “March”, “April”, “May”, “June”, “July”, “August”, “September”, “October”, “November”, “December”};
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Figure 4: Multi-dimensional array
Accessing a specified element is done via an index, for example using the C programming language to display the month “JUNE” on the screen the following syntax is applied printf(“%s” months[5]);


Exercise 1.
Show how variables can contain 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.

Logical steps Exercise 1

1. Decide relevant variable types
2. Char set for name correct variable for string
3. Float set for height to enable user to enter to two decimal places
4. Int set for age whole number
5. Declare variables
6. Initialise age ready for range test
7. Prompt user to enter data
8. Store data
9. Check age number is in range
10. If number is out of range too low display message to user
11. If number is out of range too high display message to user
12. Prompt user to enter re-enter details
13. Output message on the screen

Code for exercise 1
 
#include<stdio.h>

void main()
{
	int age = -100;//integer variable set for age
	char name[50];//char variable set for name up to fifty characters 
	float height;//float variables set to allow for decimal

	printf("Please enter your name ");//prompt user
	scanf(" %s", name);//store name
	printf("Your name is %s", name);//display name on screen

	printf("\nPlease enter your height ");//prompt user
	scanf("%f", &height);//store height
	printf("Your height is %.2f", height);//display height to two decimal places

	printf("\nPlease enter your age ");//prompt user
	scanf("%d", &age);//store age


	while (age < 0 || age>120)// test for age range
	{
		if (age < 0) //test for valid age range
		{
		printf("Age entered too low");//if value too low display message on screen
		}

		else if (age > 120)//test for valid age range
		{
		printf("Age entered too high");//if value too high display message on screen
		}

		printf("\nPlease enter your age again "); //prompt user to re-enter age if           range is invalid
		scanf("%d", &age);//store age
	}

	printf("Your age is %d", age);//display age on screen

	
Evidence of testing for Exercise 1
Figure 4 illustrating a normal in range test
[image: ]

Figure 4: Normal test results
Figure 5 highlighting boundary test 1
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Figure 5: Boundary test for while loop

Figure 6 highlighting boundary test 2
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Figure 6: Boundary test for while loop







Figure 7 showing out of range test with while loop
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Figure 7: Out of range test

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.
Logical steps Exercise 2

1. Decide relevant variable types
2. Constant set for PI as value doesn’t change
3. Floats set and initialised for area of circle and triangle, radius, base and height to enable user to enter and return values with a decimal
4. First get the radius of the circle
5. Prompt user to enter radius for circle
6. Store radius from user
7. Test for positive value
8. If negative value entered prompt user
9. Prompt user to enter height
10. Store height from user
11. Test if height is greater than radius
12. If height is greater reset value to zero send user into loop
13. If height entered is greater again prompt user and give correct range
14. Prompt user to enter base
15. Store base from user
16. Test if base is greater than radius
17. If base is greater reset value to zero send user into loop
18. If base entered is greater again prompt user and give correct range
19. Set formula for the area calculation 
20. Display the result on the screen
21. Set formula for the triangle area calculation
22. Display the result on the screen
23. Deduct the area of the circle from the area of the triangle
24. Display the result on the screen

		Code for exercise 2

Version 1 – Basic functionality without error checking
#include <stdio.h>
#define PI 3.142
void main()

{
float radius=-1, areaCircle, areaTriangle, base=-1, height=-1, shadedArea;//declare variables for decimal type

	printf("Please enter the circle radius ");//prompt user for radius
	scanf("%f", &radius);//store data entered in variable

	areaCircle = (radius*radius)*PI;//calculation for area of a circle

printf("\nThe area of the circle is %.2f", areaCircle);//display the circle area on the screen

printf("\n\nPlease enter the height of the triangle ");//prompt user for height of triangle
	scanf("%f", &height);//store data entered in variable
printf("\nPlease enter the base of the triangle ");//prompt user for base of triangle
	scanf("%f", &base);//store data entered in variable

	areaTriangle = (base*height) / 2;//calculation for area of a triangle

printf("\nThe area of the triangle is %.2f  ", areaTriangle);//display the triangle area on the screen

shadedArea = (areaCircle - areaTriangle);//calculation for shaded area

printf("\n\nThe shaded area of the circle is %.2f", shadedArea);//display the value for shaded area on the screen
}

Version 2 – Functionality with error checking

#include <stdio.h> 

#define PI 3.142 

void main()

{

	float radius = -1, areaCircle, areaTriangle, base = -1, height = -1, shadedArea;//declare variables for decimal type 

	////////////////////////////////////////////////////////////////////////////////////////////////////////
	printf("\nPlease enter your radius "); //prompt user to enter to radius
	scanf("%f", &radius);//store radius 

	while (radius < 1)// test for minus values 
	{
		printf("Radius entered must have a positive value");//if value too low display message on screen 
		printf("\nPlease enter your radius again "); //prompt user to re-enter radius if range is invalid 
		scanf("%f", &radius);//store radius 
	}

	////////////////////////////////////////////////////////////////////////////////////////////////////////
	printf("\nPlease enter your height "); //prompt user to height age if range is invalid 
	scanf("%f", &height);//store height 

	if (height > radius)//test for value of height of triangle cannot be larger than radius to calcultate value of blue shaded area
	{
		height = 0;//re set height to zero if user enters invalid range if invalid range entered send the user into the loop
	}

	while (height < 1)//test for minus values 
	{
		printf("\nPlease enter correct range ");//if value too high display message on screen 
		printf("\nPlease enter your height again "); //prompt user to re-enter height if range is invalid 
		scanf("%f", &height);//store height

		if (height > radius)//test for value of height of triangle cannot be larger than radius to calculate value of blue shaded area
		{
			printf("Please enter correct range less than %.2f", radius);//display message on screen prompting user to enter the correct range
			height = 0;//re set height to zero if user enters invalid range
		}

	}

	////////////////////////////////////////////////////////////////////////////////////////////////////////
	printf("\nPlease enter your base "); //prompt user to re-enter base if range is invalid 
	scanf("%f", &base);//store base 
	if (base > radius)//test for value of base of triangle cannot be larger than radius to calcultate value of blue shaded area
	{
		base = 0;//re set height to zero if user enters invalid range if invalid range entered send the user into the loop
	}

	while (base < 1)//test for valid age range 
	{
		printf("\nPlease enter correct range ");//if value too high display message on screen 
		printf("\nPlease enter your base again "); //prompt user to re-enter base if range is invalid 
		scanf("%f", &base);//store base
		if (base > radius)//test for value of base of triangle cannot be larger than radius to calcultate value of blue shaded area
		{
		printf("Please enter correct range less than %.2f", radius);//display message on screen propmting user too enter the correct range
			base = 0;//re set height to zero if user enters invalid range
		}
	}

	areaCircle = (radius*radius)*PI;//calculation for area of a circle 



	printf("\nThe area of the circle is %.2f", areaCircle);//display the circle area on the screen 


areaTriangle = (base*height) / 2;//calculation for area of a triangle 



	printf("\nThe area of the triangle is %.2f  ", areaTriangle);//display the triangle area on the screen 



	shadedArea = (areaCircle - areaTriangle);//calculation for shaded area 

	printf("\n\nThe shaded area of the circle is %.2f", shadedArea);//display the value for shaded area on the screen 

}


Evidence of testing for Exercise 2
Figure 8 highlights testing within normal range with radius value greater than height and base
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Figure 8: Normal range test
Figure 9 highlights boundary testing with radius value greater than height and base by 1[image: ]
Figure 9: boundary testing

Figure 10 shows out of range tests when user enters negative values
[image: ]
Figure 10: Out of range testing






Figure 11 shows out of range tests when user enters greater values for height and base
[image: ]
Figure 11: Out of range testing


Logical steps Exercise 3
1. Decide relevant variable types
2. Float variable type set for products, total price and VAT to allow decimal value
3. Set for loop to allow 5 entries
4. Increment by one after each entry
5. Prompt user to enter values of products
6. Store data from products entered
7. If statement set to check for negative value
8. If negative value entered prompt user
9. If negative value re-entered prompt user
10. Send user back into the loop by resetting variable
11. Repeat steps from point 5
12. Set for loop to add products
13. Set calculation for adding products
14. Store products in total
15. Print the value on the screen
16. Set calculation for VAT
17. Add total and Vat
18. Store in final total
19. Print final total on the screen


Code for exercise 3
Version 1 – Basic functionality user enters 5 products into the array, values then displayed on the screen.




void main()
{
float myarray[5];//declare variables for decimal type assign the value for the array

	int i = -1;//declare and initialise variable for loop

	for (i = 0; i < 5; i++)//set for loop for user to make five entries
	{
		printf("\nPlease enter the value for my array");//prompt user to enter product

		scanf("%f", &myarray[i]);//store data entered in variable

	}

	for (i = 0; i < 5; i++)//set for loop for user to make five entries
	{
		printf("%f\n", myarray[i]);//print entries on screen
	}
}

Version 2 – Further functionality added total, store and output the 5 values entered by the user

void main()
{
	float myarray[5];//declare variables for decimal type assign the value for the array

	int i = -1;//declare and initialise variable for loop
	float total=0;//declare and initialise variables for decimal type

	for (i = 0; i < 5; i++)//set for loop for user to make five entries
	{
       printf("\nPlease enter the value for your product");//prompt user to enter product

		scanf("%f", &myarray[i]);//store data entered in variable
	}


	for (i = 0; i < 5; i++)//set for loop for user to make five entries
	{
		printf("%f\n", myarray[i]);//print entries on screen
	}

	for (i = 0; i < 5; i++)//set for loop to calculate total

	{
		total = total + myarray[i];//calculation to add 5 entries together

		
	}
	printf("%.2f", total);//print total value on the screen



}

Version 3 – Set the calculation for adding 20% VAT then output final total.

void main()
{
	float myarray[5];;//declare variables for decimal type assign the value for the array
	int i = -1;//declare and initialise variable for loop
	float total=0;//declare and initialise variables for decimal type
	float vat = 0;//declare and initialise variables for decimal type
	float finalTotal = 0;//declare and initialise variables for decimal type

	for (i = 0; i < 5; i++)//set for loop for user to make five entries
	{
		printf("\nPlease enter the value for your product");//prompt user to enter product
		scanf("%f", &myarray[i]);//store data entered in variable
	}


	for (i = 0; i < 5; i++)//set for loop to allow 5 entries
	{
		printf("%.2f\n", myarray[i]);//print entries on screen
	}

	for (i = 0; i < 5; i++)//set for loop to calculate total
	{
		total = total + myarray[i];//calculation to add 5 entries together
		
	}
	printf("%.2f", total);//print total value on the screen

	vat = total * 0.20;//calculation for VAT at 20%

	printf("\n%.2f", vat);//print VAT on the screen

	finalTotal = total + vat;//calculation for the final total including VAT

	printf("\nTotal including VAT is %.2f", finalTotal);//print final total on the screen
}

Version 4 – Error checking added for negative values start loop again
#include<stdio.h>
void main()
{
	float myarray[5];;//declare variables for decimal type assign the value for the array
	int i = -1;//declare and initialise variable for loop
	float total = 0;//declare and initialise variables for decimal type
	float vat = 0;//declare and initialise variables for decimal type
	float finalTotal = 0;//declare and initialise variables for decimal type

	for (i = 0; i < 5; i++)//set for loop for user to make five entries 
	{
		printf("\nPlease enter the value for your product ");//prompt user to enter product
		scanf("%f", &myarray[i]);//store data entered in variable

		if (myarray[i] < 0)
		{
			printf("\nPlease enter a postive value for your product");//prompt user to correct range for product 
			printf("\nWe shall now start over! ");//tell user the process is going to start again
			i = -1;//reset value of i to make user start the loop again
		}
	}
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////



	for (i = 0; i < 5; i++)//set for loop to calculate total
	{
		total = total + myarray[i];//calculation to add 5 entries together

	}
	printf("\nThe total value of your products is %.2f\n", total);//print total value on the screen

	vat = total * 0.20;//calculation for VAT at 20%

	//printf("\n%.2f", vat);//print VAT on the screen included in testing to check VAT calculation

	finalTotal = total + vat;//calculation for the final total including VAT

	printf("\nThe total value of your products including VAT is %.2f\n", finalTotal);//print final total on the screen


}










Figure 12 shows normal test range and output
[image: ]
Figure 12: Normal test range
Figure 13 shows user entering negative value and the loop restarting
[image: ]
Figure 13: Out of range test





Figure 14 highlights user sent into the loop after continuing to enter negative values
[image: ]
Figure 14: Out of range testing
Figure 15 shows program completion after negative values being entered
[image: ]
Figure 15: Out of range testing then normal test range completed





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). 

1. Decide relevant variable types
2. Set the range of numbers for the three reels 1-5.
3. Integer variable used as outputting whole number
4. Char variable used for y/n choice
5. Jackpot variable set to 5
6. Prompt user to enter y/n
7. Store choice
8. Set while loop for user to keep playing if y is entered
9. If n entered exit game
10. Initialise variables using rand to produce random number
11. Condition set to test for jackpot of 555
12. If met print message on the screen
13. Condition set for 2 fives been generated
14. Print message on the screen
15. Condition set for 2 numbers excluding fives
16. Print message on the screen
17. Final else if none of the previous conditions are met
18. Print lose message on the screen
19. Prompt user to play again
20. If “y” entered send user back into the loop
21. If “n” entered exit game with message printed on the screen

Version 1 – Basic functionality not final if statements
#include<stdio.h>
#include<stdlib.h>
#include<time.h>

void main()
{
	srand(time(NULL));
	int myrand;//initialse value for myrand variable//delete this not used
	int low = 1;//set low range for random number
	int high = 5;//set high range for random number
	
	int reel1, reel2, reel3;//initialse integer variables to produce random umber
	char choice;//set variable to store users entry
	int jackpot = 5;

	printf("Do you want to spin the reels? (y/n) ");//prompt user for input
	scanf(" %c", &choice);//store data from user
	while (choice == 'y')//set while loop to continue playing while user enters y
	{
reel1 = rand() % (high - low + 1) + low;//inside loop to regenerate random numbers
reel2 = rand() % (high - low + 1) + low;
reel3 = rand() % (high - low + 1) + low;

		printf("\n%d %d %d",reel1, reel2, reel3);
		
		if (reel1 == reel2 || reel1 == reel3)// set condition to compare two values to see if they are the same
		{
			printf("\nYou win 200 bonus points ");
		}
		else if(reel1 == reel2 && reel1 == reel3)// set condition to compare three values to see if they are the same
		{
			printf("\nYou win the bonus 20 points");
		}
else if(reel1 == jackpot && reel2 == jackpot && reel2 == jackpot)// set condition to compare three values to see if they are the same
{
printf("\nYou win the Jackpot!!"); //Print message on the screen

}
		else 
		{
		printf("\nYou lose 0 points");//Print message on the screen
		}

	
	printf("\nDo you want to spin the reels? (y/n) ");// Start loop again prompt user
	scanf(" %c", &choice); //Store choice
	}


printf("Ok, maybe another time");//Print message on screen
}


Version 2 – If statments set to give correct output for 3 reels 

#include<stdio.h>
#include<stdlib.h>
#include<time.h>
void main()
{
	srand(time(NULL));
	int low = 1;//set low range for random number
	int high = 5;//set high range for random number

	int reel1, reel2, reel3;//initialse integer variables to produce random umber
	char choice;//set variable to store users entry
	int jackpot = 5;//set variable value for jackpot

	printf("Do you want to spin the reels? (y/n) ");//prompt user for input
	scanf(" %c", &choice);//store data from user
	while (choice == 'y')//set while loop to continue playing while user enters y, any other entry ends game
	{
		reel1 = rand() % (high - low + 1) + low;//initialise variable to generate random number
		reel2 = rand() % (high - low + 1) + low;//initialise variable to generate random number
		reel3 = rand() % (high - low + 1) + low;//initialise variable to generate random number

		printf("\n%d %d %d", reel1, reel2, reel3);//print numbers on the screen


		 if (reel1 == jackpot && reel2 == jackpot && reel3 == jackpot)// set condition to compare three values to see if they are the jackpot
		 {
		 printf("\nYou win the Jackpot!! 2000 Points Well Done!!");//Print message on the screen
		 }

		 else if(reel1 == jackpot && reel2 == jackpot || reel1 == jackpot && reel3 == jackpot || reel2 == jackpot && reel3 == jackpot)//set condition to test for 2 fives
		{
			
			 printf("\nYou win 100 bonus points");//Print message on the screen
		}
		 

		else if (reel1 == reel2 && reel1 == reel3)//Set condition to compare two values to see if they are the same
		{
			 printf("\nYou win the bonus 20 points");//Print message on the screen
		}
		
		
		else//Any of the conditions above are not met this condition is true
		{
			printf("\nYou lose 0 points");//print message on screen
		}


		printf("\nDo you want to spin the reels? (y/n) ");//Prompt user to enter choice
		scanf(" %c", &choice);//Store choice
	}


	printf("Ok, maybe another time");//Print message if user opts not to play
}

Figure 15 shows output with three of the same number that isn’t the jackpot number
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Figure 15: Three identical numbers not the jackpot

Figure 16 highlights two fives at reel one and three 
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Figure 16: Reels one and three showing five and displaying message

Figure 17 highlights two fives at reel two and three
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Figure 17: Reels two and three showing five and displaying message

Figure 18 highlights two fives at reel one and two
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Figure 18: Reels one and two showing five and displaying message

Figure 19 highlights the jackpot and displaying message
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Figure 19: All three reels displaying five and showing message
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Variables
Anything used to store a value is called a variable.
For example:

x=6;
MYNUmEI=6:

By convention, variable names start with a lowercase letter.

You can choose any combination of letters and numbers for your variable
names.

Do not use the following in variable names:

Spaces

Special characters e.g. @ #* () (etc)

Keywords. These are words that are buitt into the language like prinff
If, for, scan, true, faise, null etc. We will learn the C keywords as the
course progresses

Variable types

In C, there are a number of different variable types. We will concentrate on
the following

Integers — whole numbers e.q. 1. 7, 38, 67, 98 efc.

Floats — numbers with a decimal point e.g. 2.3, 5.7, 3.1425, 78 56734 etc.
Characters - single letters e g “a", °C’, 'F. “Z” etc

Strings — multiple letters e.g. “computer”, “book’, “animar’, “student” etc.
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Declaring variables

Before we can use variables, the name and the type of the variable must be
declared.

“This is done at the beginning of the program. If you do not deciare your
variables, the program will not work.

Declaring variables of type integer

#include <sigio.n>

void main()
{

intx, . «——declare that the program will have a variable called "
x=2; «—putthe value 2" intox
}

A shorter version of this is:

intx=2;
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For loops

The structure for a basic for loop is as follows:

#nclude <sigio.i>

void main()
{

int counter;

for (counter=1.; counter<13 ; counter++)

{

}
start end  update

start — this sets the value of the counter at the beginning of the loop (1),

‘end — each time around the loop, the computer tests to see if counter has
reached 13. If it has, the loop is finished

update — each time around the loop, add one to counter.
In the above example, the variable counter is set to 1 at the beginning of the
loop. (counter=1)

Each time around the loop, 1 is added. (counter++)

‘So the first time around the loop, counter is equal to 1, the second time
around, counter is equal to 2, the third time around, counter is equal to 3, and

soon

This continues unti 13 is reached (counter<13) which cause the loop to end.
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There are 3 types of loop in C:

1. For (we have already looked at this)
2. While
3. Do...While

The For loop is used when we know exactly how many times we need to go
around the loop.

The While loop s used when we don't know exactly how many times we want
to go around the loop.

The Do...While loop is very similar to the While loop, but tests the condition
on exit and not on entry.
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While loops
For example, take a program for guessing someone’s age. Suppose we want
to let someone guess as many times as they like until they get the answer
right

The basic structure for a while loop is as follows:

while (condifion)

{
}

The code for the “Guess your age” program would look something like this:

Fnciude <Sigi0.0>
#define AGE 30

Void main()
{

int guess;
while(guessI=AGE)
«
prnif("Guess Gaynor's age: "),
seani%d 5auess).
Qo
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Arrays

An array is an example of a siructured data type. The data types we have
encountered o far - Int, float and char can only hold one item of data at a
time. Arrays can hold a Collection of related items.

An example of the code to declare an array is show below:

int myarayiel;

0 7 z 3 7 H 5 7

myanay.

We can put one ftem of data into each element of the array. Note that arrays
always start at 0

For example:
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Arrays of strings

If we want to have an array of strings, we must declare a two dimensional
array

char daysoftheweek(7][10] = {Monday", "Tuesday", "Wednesday",
“Thussday’Eday’, “Saturday’, "Sunday’)

This creates an array s follows:

0 1 2 3 4 5 6
M T W T F S S
o u e h T a u
n e d u i t n
d s n T d u d
a d e s a T a
a s d d
d a a
a

We can print elements of this array individually as follows:

prnf (“%s".daysofineweski2] )
would give Wednesday.
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