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Introduction

The purpose of this assignment is to demonstrate a good level of understanding and provide
examples of the use of the C programming language. The assignment will be divided into part A and
part B. Part A will include the explanation of Variables, for loops and arrays, and how they are
important in programming. Part B will include four example programs that escalate in complexity
broken down into problem analysis, pseudocode, annotated C code and testing results.

Part A (Understanding)

1. Variables

A variable in a program acts as a predefined named location in memory which is used to store values
that can be utilised throughout code. In the Dictionary of Computing a variable is described as: “A
unit of storage that can be modified during program execution, usually by assignment or read
operations. A variable is generally denoted by an identifier or by a name.” [1] The previous quote
states exactly how a variable in a program behaves in its most basic form, it is a pre-defined
container where data can be stored to be used throughout a program. Variables are normally set up
at the start of a program by declaring the variable type and its value, but it can also be altered
throughout the code. Variables are important in coding as they can be used to store user inputs and
the inputs can be different each time a program is executed, making programs more flexible. Once a
variable is defined it can be called numerous times, making a program easier to write, rather than
having to hard code the same value repeatedly.

When declaring a variable name in C there are some basic rules that should be followed. Firstly, the
name of the variable is important, it should replicate the values that the variable is likely to store, for
example if you are storing someone’s age then declare the variable as ‘age’. Cis case sensitive so
variable names should begin with either an underscore or a lower-case letter. They cannot start with
a number and cannot have spaces. Variables should also not be declared as words that are reserved
in C. Secondly, you must declare the variable as a specific type so that it can receive a specific type of
value, the table below shows some of the basic variable types that are used in C.

Type Defined by Description

Character char Used to store a single letter character
Floating point float Used to store a number with a decimal part
Integer int Used to store a whole number

Table 1 - Basic C Variables

When writing code, it is also important to consider how your variable is going to be used. If you want
a variable that is specific to a program function and can only be manipulated by that function, then
you would declare a local variable inside the function. Alternatively, if you wanted a variable that
can be called throughout any of the program functions you would declare a global variable. Global
variables can be used throughout the program and can be manipulated by any of the program
functions. Global variables are declared outside of any functions and are generally are the start of
the code.




2. For Loops

For loops are used as a type of repetition that allows you to create a loop in code that needs to
iterate a specific number of times. For loops can also be referred to as counting loops as they are
used in code when you want a loop to only be executed a set number of times. This is achieved by
using a count inside the loop that goes up by one each time the loop is executed, when a condition is
met.

for{ init; condition; increment )

conditional code ;

}

If condition
is true

If condition
is false

—

Figure 1 - For loop flow chart example

For loops can be described in three separate steps as shown by the diagram above and example
code below:

1. Initialise — This is where the count variable gets initialised.

2. Condition — This is where the counter variable is tested against a given condition. If the
variable returns true to the condition, then the loop will get executed. If the variable returns
false to the condition, the loop is terminated.

3. Increment — When the loop is successfully executed the count variable is either incremented
or decremented depending of the operation set up in the loop condition. [2]

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




When using a count loop in code we generally name the count variable ‘i’, therefore you should
refrain from naming any other variable ‘i’

A for loop could be used in code if you wanted a user to input something a specific number of times.
For example, if you wanted a user to input their five favourite films into a list then you would use a
for loop to increment each time the user enters their favourite film whilst saving each film choice
into a variable. You could then print the stored variable once the for loop has completed its
iterations.

3. Arrays

An array is a type of variable that can hold several values of a single type. The size of the array
(number of different values it can store) is declared when you create the array variable, this is fixed
and cannot be changed later in the code. Each item in an array is referred to as an element and each
element can be manipulated using the elements index number. All index numbering begins at 0,
therefore, to access element 5 you would use index 4 as illustrated in the table below: [3]

Array length 5
Index 0 2
Element 1 3

Table 2 - Array indexing example

If we think of arrays as a useful tool to store a collection of variables of the same type, we can
understand how they can be useful in code. If we need to store the results of 30 different student
exams in a program, we could easily create a variable for each of the 30 students and use an input
function to manipulate each of the 30 variables, however this would be time consuming and be
quite a lengthy program to perform a very simple task. Instead of this, we can use one array to store
all 30 students results and use one counting loop to input the results at each of the 30 elements
within the array, this would save the programmer a lot of time when writing the program.




Part B (Implementation)

1. Exercise 1
1.1 Problem

This exercise will demonstrate the use of different variables to store different types of information
within a program. The first variable we need to store is a name, so we will need the use the char
variable which allows us to store a letter, however as we need to store a full name, we will need to
make this variable an array. A height is also required to be stored, therefore this will have to be
declared as a float variable as heights are normally decimal numbers. The final variable is an age, as
this is normally recorded as a whole number the int variable can be used. These three stored
variables will then need to be printed to the screen for the user to read.

1. Create variables (char, float, int) and declare them.
2. Print the variables using the correct format specifier for each variable type (char = %s, float =

%f, int = %d)

1.2 Pseudocode
Main()

Set name [6] = name
Set height = height

Set age = age

Print “name”
Print “height”
Print “age”

1.3 Annotated Code

#include <stdio.h>

void main()

{

char name[6] = { 'A','n','t',"0","'n" };// char is the variable type - single
character. C doesnt have the "string" function so we must create an array.

float height = 1.93; // float is the variable type - decimal number

int age = 25; // int is the variable type - whole number

printf("Hello %s\n", name); //prints the name variable
printf("Your height: %.2fm\n", height); //prints the height variable
printf("Your age: %d\n", age); //prints the age variable




1.4 Testing
1.4.1 Normal
B | Microsoft Visual Studio Debug Conscle - O X

Hello Anton
Your height:
Your age:

cuments\Univers software Development)
ug\Exercise 1l.exe (process 1¢ | cited

code @.
ress any key to close this window

Result: Program ran as expected and the variables that were input were printed correctly

1.4.2 Extreme
Using negative values:

B | Microsoft Visual Studio Debug Console = O X

cuments\Universit oft ent
cercise 1. (p s 12136) exited

enable To

-LDﬂsﬁlé when debu

any key

Result: Program ran as expected and the variables that were input were printed correctly




1.4.3 Erroneous
Using the wrong character type for the variable used:

Microsoft Visual Studio X

Error: Unable to open file
C\Users\anton\OneDrive\Documents\University\Software

Development\Assignment\Exercise 1\Exercise 1\Debug\Source.obj.
Error code = 0x80070002.

Result: Program fails to run

1.4.4 Recommendations

This is a very simple program so it is not particularly worthwhile spending a considerable amount of
time perfecting it, however some simple improvements could be made to make this program more
user friendly. The scanf function could be used to allow the user to input their own variables.
Validation of the inputs would stop the program printing negative values and completely failing
when the wrong character type is used.




2. Exercise 2
2.1 Problem

This program will need to allow the user to input values to calculate the areas of a circle and a
triangle. Once these areas have been calculated the program will need to subtract the area of the
triangle from the circle to give the user the total area of the circle, minus the triangle. As this
program requires the user to input the different values, the scanf function will need to be used to
store what the user enters in the relevant variable. These values will then need to be used to
calculate the areas of each shape.

NV AWM E

N ol
B W N RO

Create and store a variable for pi (float)

Create variables to store user inputs and area calculations (float)
Ask user to enter the radius of the circle (printf)

Store the users input (scanf)

Calculate the area and store the result

Show the user the calculated area of the circle

Ask the user to input the height of the triangle

Store the users input

Ask the user to input the base of the triangle

. Store the users input

. Calculate the area of the triangle

. Show the user the calculated area of the triangle

. Calculate the area of the circle minus the area of the triangle
. Show the user the result of the program

2.2 Pseudocode

Set constant pi

main()

float circle, triangleh, triangleb, areac, areat, areas

print “Please enter the radius of your circle”
input “circle”

set areac = pi * (circle*circle)
print “The area of your circle is ” + areac

print “Please enter the height of your triangle”
input “triangleh”

print “Please enter the base of your triangle”
input “triangleb”

set = triangleh * triangleb / 2

print “The area of your triangle is ” + areat

set areas = areac — areat
print “The area of your circle minus the triangle is ” + areas




2.3 Annotated Code

#include <stdio.h>

#define pi 3.14159265359 //declare a constant for pi to be used to calculate the area
of the circle

void main()

float circle = @, triangleh = B8, triangleb = @, areac = 9, areat = @, areas =
@; // create variables to hold the values the user inputs and the values calculated

printf("Please enter the radius of your circle:");// ask the user to enter the
radius of the circle
scanf("%f", &circle); // store the users input to the circle variable

areac = pi * (circle*circle); // calculate the area of the circle using pi and
the radius the user entered and store the value

printf("The area of your circle is %.2f\n\n", areac); //show the user the area
of the circle

printf("Please enter the height of your triangle:");// ask the user to enter
the height of their triangle

scanf("%f", &triangleh);// store the users input to the triangleh variable

printf("Please enter the base of your triangle:");// aks the user to enter the
base of their trianlge

scanf("%f", &triangleb);// store the users inpute to the trangleb variable

areat = triangleh * triangleb / 2;// calculate the area of the triangle using
the values the user entered

printf(“The area of your triangle is %.2f\n\n", areat);// show the user the
area of the triangle

areas = areac - areat; // calculate the area of the circle minus the triangle

printf("The area of your circle minus the triangle is:%.2f\n\n", areas);// show
the user the area of the circle minus the area of the triangle

}




2.4 Testing
2.4.1 Normal

B | Microsoft Visual Studio Debug Console = ] X

ignmen

Result: Program runs as expected. All user inputs are stored correctly, and the areas of each shape
are calculated correctly

2.4.2 Extreme
Using negative values:

B | Microsoft Visual Studio Debug Console = o x

circle minus the triangle is:7.

Result: Program runs as expected but gives a positive area




Making the triangle bigger than the circle:

B | Microsoft Visual Studio Debug Console | bl

Jocuments i f Assipnmen

this window . . .

Result: Program runs as expected, however the final calculation shows a negative value and the user
shouldn’t have a negative area of a shape. An if statement could be added to the code to tell the user
that the area of the triangle is bigger than that of the circle, or a while loop to restart the program
until a positive result is achieved.

Using large values:

B { Microsoft Visual Studio Debug Console ] *

your

Result: Program runs as expected




2.4.3 Erroneous
Entering a character:

Result: Program fails as expected
Entering a special character:

B ! Microsoft Visual Studio Debug Console O X

jangle:The triangle is

this windc

Result: Program fails as expected




2.4.4 Recommendations

This program runs well but some improvements could be made to make it more intuitive. Firstly, you
could add a test loop to check that the area of the triangle is not bigger than that of the circle. In
addition, you could add some validation so that negative numbers cannot be input into the program
as negative inputs in this instance would not make sense.




3. Exercise 3
3.1 Problem

This program needs to allow a user to enter the price of five products into an array. It makes sense
to use an array for this problem as if the user is entering a price five times all five prices will be of the
same variable type. Therefore, we only need one array instead of five separate variables, even
though an array is slightly more complex to create. To allow the user to enter the five prices into the
array we will need a counting loop to store each of the five prices into the array variable at the
correct index number. Once the five prices have been entered, the program will need to calculate a
total price of the items and display this to the user, then it will need to calculate the VAT on the total
price and add this to the total price and display this to the user.

Set VAT as a constant — as this value will never change.
Create a count variable
Create an array with 5 index’s, a subtotal, and total variables

Hwnp

. Create a for loop to iterate 5 times

4, Ask the user to input the price for item 1
4.5 Add item one to the sum (repeat 5 times)
5. Print the total price of the five items

6. Calculate the total including VAT

7. Print the total price including VAT

3.2 Pseudocode

constant VAT 0.2

main()

seti=0
set priceArray[5] {0,0,0,0,0}, sum =0, sumvat =0

for (i=0;i<5;i++)

{
print "Please enter the price of item" +i+ 1
input priceArrayfi])
set sum = sum + priceArray[i]

}

print "The total price of your items is" + sum
set sumvat = sum + sum * VAT

print "The total price of your items including VAT is” + sumvat

3.3 Annotated Code

#include <stdio.h>

#define VAT .2 // create a constant for VAT




int main() {

int i = 8; // set the count variable i to @
float priceArray[5] = { e, @, @, ©, © }, sum = @, sumvat = @; // create an
array, total sum and total VAT sum variable and initialise all values to @

for (1 =9@; 1 < 5; i++) { //Start a for loop that will loop 5 times

printf("Please enter the price of item %d:\n", i + 1); //Ask the user to
enter the price of the item that corresponds the for loop count +1 (as for loops start
at @)

scanf("%f", &priceArray[i]); // store the user input to the array that
corresponds to the for loop count

sum = sum + priceArray[i]; // store the current array value into the sum
variable

}

printf("\nThe total price of your items is: %.2f\n\n", sum); // print the total
price of the items entered by the user

sumvat = sum + sum * VAT; // calculate the total price including VAT

printf("The total price of your items including VAT is: %.2f\n", sumvat); //
print the total price of the items plus VAT entered by the user

}

3.4 Testing
3.4.1 Normal

B | Microsoft Visual Studic Debug Console = O x

The total pric
The total price o items includir
ocumentsiUnivers

e the console when d

e this w

Result: Program runs as expected




3.4.2 Extreme
Using negative values:

B | Microsoft Visual Studio Debug Console m} >

Result: Program runs as expected an produces a correct result
Using both positive and negative numbers:

B ! Microsoft Visual Studio Debug Console O X

The total pr

The total pric

the console when debugging stops, enable Tool

2 this wi

Result: Program fails and produces an incorrect result




Using Large numbers:

B ! Microsoft Visual Studio Debug Console

1

includin

Result: Program runs as expected

3.4.3 Erroneous

Using a special character:

B ! Microsoft Visual Studio Debug Console

Result: Program ends

enable

Ton




Using letters:

B | Microsoft Visual Studio Debug Console | bl

total

e total o items includi

Result: Program ends

3.4.4 Recommendations

This program achieves it job by summing prices and creating a price total with VAT, but only if the
correct values are input into the program. To improve this program, | would add validation rules to
the input so that instead of the program ending instantly when an incorrect value is entered, it
would simply ask the user to try again.




4. Exercise 4
4.1 Problem

This program brief is creating a virtual fruit machine where three wheels of numbers theoretically
spin and give a random result and those results correspond with points the user will win. The first
problem we face when creating a program like this is creating random numbers. There are functions
in ¢ that we can utilise to create these random numbers. The next problem to overcome is displaying
the correct points score to the user that corresponds with their random result of number, an if
statement can be used to achieve this. The final point of the brief that the code must adhere to is
that the user can have as many goes as they like; a while loop will allow the user to play as many
times as they wish.

Seed random number with system clock, only do this once

Run slot machine function

Set variables — random numbers and high and low boundaries

Set spin variable

Welcome player to the game

Start while loop

Get random numbers from random function

Start if statement and print results

Ask user if they want to play again which will run the while loop again or end the program

©WeONOU R WM

4.2 Pseudocode

random prototype
slotmachine prototype

random(int, int)

{
set myrand =0
set myrand = rand() % (high - low + 1) + low
return myrand

}

slotmachine()

{

set random1 =0, random2 =0, random3 =0, score =0, low = 1, high=5
set spin="Y"

print "Welcome message"

while (spinis ‘y’)

{
random1 = random(low, high)
random2 = random(low, high)
random3 = random(low, high)

if ((random1 =1) & (random2 = 1) & (random3 = 1)
or (random1 = 2) & (random2 = 2) & (random3 = 2)
or (random1 = 3) & (random2 = 3) & (random3 = 3)
or (random1 = 4) & (random2 = 4) & (random3 =4))




Set score = 20
print “random1, random2, random3”
print "You win, and your points are:” +score

}
else if ((random1 =5) & (random2 = 5) & (random3 = 5))
{
Set score = 2000
Print “random1, random2, random3”
Print "**JACKPOT**You win, and your points are: **JACKPOT**"
+score
}

else if ((randoml =5) & (random2 = 5) or (randoml =5) & (random3 = 5) or
(random2 =5) & (random3 =5))

{
Set score = 100
Print "random1, random2, random3”
Print "You win, and your points are:" + score
}
else
{
Set score=0
Print “random1, random2, random3”
Print "You lose, and your points are:"+ score)
}
Print "Do you want to spin again?(Y/N)"
Input spin
}
}
void main()
{
Seed random
Call slotmachine function
}

4.3 Annotated Code

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

int random(int, int); // prototype
void slotmachine(void); // prototype

int random(int low, int high) { // function to create random numbers
int myrand = @; // create variable to carry random number and initialise to ©
myrand = rand() % (high - low + 1) + low; //generate random number using high
and low variable values
return myrand; //return random number
}




void slotmachine() { //funtion to run slot machine
int randoml = @, random2 = @, random3 = @, score = 8, low = 1, high = 5;
J//create variables to store random numbers and initialise values

char spin = 'Y'; //create varible to store user input on spin choice
printf("***Welcome to the Slot Machine***\n"); //Welcome users to the program

while (spin == 'Y' || spin == 'y') { //start a while loop to run through the

program until the user decides to finish

randoml = random(low, high); //set first random number to random number
gained from running the random function

random2 = random(low, high); //set second random number to random number
gained from running the random function

random3 = random(low, high); //set third random number to random number
gained from running the random function

if ((randoml == 1) && (random2 == 1) && (random3 == 1) // start if

statement to give results to the user that correspond to the random numbers generated

|| (randoml == 2) & (random2 == 2) && (random3 == 2)

|| (randoml == 3) &% (random2 == 3) && (random3 == 3)

|| (randoml == 4) & (random2 == 4) && (random3 == 4)) { //first
argument - if all numbers are the same eg. '1' & '"1' & '1' then score is 20

score = 20; //set score variable to 20 if first argument is
achieved

printf("%d %d %d\n", randoml, random2, random3); //print random
numbers generated

printf("You win, and your points are: %d\n", score); //print a
win message and score achieved

}
else if ((randoml == 5) && (random2 == 5) && (random3 == 5)) { //second
argument - if three 5s are generated
score = 2000; //set score variable to 2000 if second argument is
achieved
printf("%d %d %d\n", randoml, random2, random3); //print random
numbers generated
printf (" **JACKPOT**You win, and your points are:
%d**JACKPOT**\n", score); //print win message and score achieved

}
else if ((randoml == 5) && (random2 == 5) || (randoml == 5) && (random3
= 5) || (random2 == 5) && (random3 == 5)) { //third argument - if any two numbers are

won

score = 10@; //set score variable to 1@8 if third argument is
achieved
printf("%d %d %d\n", randoml, random2, random3); //print random
numbers generated
printf("You win, and your points are: %d\n", score); //print win
message and score achieved
}
else { //fourth argument - if none of the above arguments are achieved
score = B; //set score variable to @
printf("%d %d %d\n", randoml, random2, random3); //print random
numbers generated
printf("You lose, and your points are: %d\n", score); //print
lose message and score achieved

printf("Do you want to spin again?(Y/N)\n"); // ask user if they want to
play again

scanf_s(" %c", &spin); //store user response in the spin variable and if
the while loop argument is met program will run again

}




}

void main()

{
srand(time(NULL)); //seed random with system clock- do only ONCE
slotmachine(); //call slot machine function

}

4.4 Testing

4.4.1 Normal

LR ‘;:".Uiefi"‘.énio‘\\_‘)ﬁéU!I'&".DC(UI“\Q‘\'-S".Lrul'—'el‘SI'-\-"~‘JO'i'-‘\v'a‘€ Development\AssignmentyExercised\Debug\Exercised.exe : X

Results: Program runs as expected




Testing the points are outputted correctly — Forcing the random numbers to the jackpot:

B | Ch\Users\anton\OneDrive\DocumentsiUniversity\Software Development| Assignment Exercised\Debug\Exercised.exe m] X

Results: Program runs as expected

Forcing the random numbers to two 5s:

B | CAUsers\antor\OneDrive\Dacum: UniversinASoftware Development\Assignment Exercised\Debug\Exercised.exe O =

Result: Program runs as expected




Forcing the random numbers to three of the same number:

B | ChUsers\antor\OneDrivel DocumentsiUniversity\Software Development\Assignment)Exercised',Debug\Exercised.exe O x

Result: Program runs as expected

When the user chooses the end the game:

B | Microsoft Visual Studio Debug Console m| x

this window . . .

Result: Program runs as expected




4.4.2 Erroneous
When the user enters anything other than Y or N:

B | Microsoft Visual Studio Debug Console =] >

Result: Program ends as expected

4.4.3 Recommendations

After testing this program meets the brief exactly. It allows the user to play as many times as they
desire and gives them a random result each time. The improvements that could be made to the
program is the user interface, it could be made more aesthetically pleasing and more obvious when
the user wins the jackpot number of points.

Conclusion

This report has effectively demonstrated some of the functions available to a developer in the C
programming language. The report is also reflective in that it illustrates how programs can be
improved upon by adding minor changes to the source code, which often makes the program more
reliable.
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Instructor

Part A

Variables - Quite comprehensive. You could also
mention that different variable types take up
different amounts of space in momery 4.5 /5

Counting Loops - Good overall, the main points
covered. Your example isn't quite right - there is no
upper limit on the middle condition? i<=?4.5/5

Arrays - You've covered the points, it would be nice
to see a code example 4/5

Part B
Exercise 1

Code-Annotation - A bit limited, you should have the
user input the values rather than hardcode them -
this would also give you scope to think about issues
of the user entering negative numbers etc. I'm not
sure why as you have put this in your
recommendation section? 2/5

Documentation A bit limited due to lack of input in
the code You have used a negative number but |
would not say that an age of -25 is correct! 2.5/5

Exercise 2



Code-Annotation A working solution produced, you
need to think about negative numbers and the
relative sizes of triangle and circle. 3.5/5

Documentation Good logical breakdown, you need
to think about negative numbers and the relative
sizes of triangle and circle. Your testing is correct
and your recommendations are correct to, but you
need to implement them (this is the whole point of
testing!) 4 /5

Exercise 3

Code-Annotation - Good use of array/loop, you
need to validation for negative numbers here. 4/5

Documentation - A bit too much code creeping into
your logical breakdown - you don't need to talk
about arrays and loops, this is an implementation
decision. Just "ask user to enter 5 values is enough"
In the testing, prices cannot be negative in real life,
therefore this is not a correct result! 3.5/5

Exercise 4

Code-Annotation A good effort! Some inefficiencies
in the very long if statements, some of these could
have been combined (eg if you've already checked
for a jackpot, you need only check whether the
numbers are equal or not, we don't need to know
what their values are, only that they are equal. No
running total which is a shame, because you have
implemented the while loop to repeat the program.
75/10

Documentation Logical breakdown is a bit too codey,
I would find it hard to write a program based on this.
You need to write things like "Generate 3 random
numbers between 1 and 5". You haven't mentioned
the point scoring at all? Your pseudocode is also a
bit close to C - you should be able to implement
pseudocode in any language, so it doesn't make
sense to include (for example) the prototype as
many languages don't need them. Try to make it
language-agnostic. Testing covers all eventualities |
think, well done! 6.5/10



Total: 46.5/65 ( 72%)
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