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[bookmark: _Toc49448168]Part A
[bookmark: _Toc48589035][bookmark: _Toc48589148][bookmark: _Toc48589516][bookmark: _Toc49448169]Variables and data types#
[bookmark: _Hlk48062776]Variables in C# language are used to identify a part of memory necessary to contain data that can be modified during the execution of a program. A variable is composed by a name and a value. Generally, variables name is declared by using lower - Upper - Upper case characters (e.g.  myFirstVariable). This is how to declare a variable:
  int myAge = 28;           //we can create different variable types in c#
  double floatingNum = 1.3; //we need to start with the data type declaration followed by its name 
  string myName = "Domenico"; //and finally enter a value that match the correct data type
(example created by author)
The int data type allows to store a 32 bits integer value in this variable called myAge. Once a variable has been declared, it can be used to perform many different types of operation, such as get printed by the console:

Int myAge = 28; 
Console.WriteLine(myAge);  //the console will print 28 which is the value assigned to the variable myAge.
[bookmark: _Hlk48062690][bookmark: _Hlk48062589]There are many different data types in C# and each of these can store different values such as numbers, letters, booleans. It is important to always declare what type of variable is going to be used before specifying its name as a lack of type declaration will result in an error within the program. Each data type occupies different space in the memory depending by its size/length. There are nine different data types in C# for storing integer numbers, these are some of the most used:
· Byte: Occupies 8 bits in the memory and is used to store small numbers ranging from a minimum size of 0 to a maximum size of 255.
· Short: Occupies 16 bits and can store numbers from -32768 up to 32767.
· Int: Occupies 32 bits and is used to store numbers in the range between -2147483648 to 2147483647.
· Long: Occupies 64 bits and is used to store very large numbers included between -9223372036854775808 to 9223372036854775807.
These are the most used data types for store floating numbers:
· Float: Occupies 32 bits in the memory and Is used to represent a 7 decimal digit number.
· Double: Allows to store 15–16-digit floating numbers (64 bits). 
· Decimal: This is the data type utilised for storing 28 – 29-digit floating numbers. The latter data type occupies 128 bytes being precisely the largest.
There are also data types for storing text such as char which can store a single character that must be included within single quotation marks (e.g. ‘A’) and “string”, used to store long text data that must be included in double quotation marks. This is an example of how to declare string and char data type variables:
char myFirstLetter = ‘D’;
string myName = "Domenico";
(example created by author)
There are some special characters that can be included within a string such as \n. This character is used to break the current line to start a new line. This is how to use this special character:
string myInfo = "My name is Domenico \nI am 28 years old";
The output for this code will be: 
“My name is Domenico 
I am 28 years old.
Two or more variables declared in C# can be used together to create some code even if they belong to a different data type: 
string myName = "Domenico";
int myAge = 28;
Console.WriteLine("Hello, my name is" + myName + " and I am " + myAge + " years old");
//With this method we can create one variable of type string and concatenate it with a variable type int. The output for this code will be "Hello, my name is Domenico and I am 28 years old" 
(example created by author)
C# also allows to perform arithmetical operations between numeric variables:
int myMoney = 5;
double yourMoney = 4.75;
double OurMoney = myMoney + yourMoney; //note that this new variable data type is double and cannot be integer as an integer size is 4 bytes and cannot store a double value in it.
Console.WriteLine(OurMoney); //the output will be 9.75.
(example created by author)

We can create different variables and assign a value to each of them, consecutively we can perform any mathematical operation between these and store the result a new variable. (w3Schools, 2020).

[bookmark: _Toc48589036][bookmark: _Toc48589149][bookmark: _Toc48589517][bookmark: _Toc49448170]Constant
When a variable is created in C#, this can be overwritten just by creating the same variable again within the program and assigning a new value to it. However, there are some circumstances when a value cannot be changed within the execution of the program. However, there are some circumstances where some values ​​are used within specific formulas such as the PI which is used to calculate the area of ​​the circle. Its value is always equal to 3.14 and cannot be changed for any reason. These values are called constant and must be declared by using the keyword “const” before their data type and name which must be written in all uppercase letters. (Microsoft, 2015).
const double PI = 3.14;  //keyword const + datatype + name ALL-UPPER
const double SPEEDOFLIGHT = 300000;
(example created by author)

[bookmark: _Toc48589037][bookmark: _Toc48589150][bookmark: _Toc48589518][bookmark: _Toc49448171][bookmark: _Toc48063874]Data type conversion 
In C# there is a large variety of data types used for different purpose. Before to perform any mathematical operation between two different variables, it is required to convert these to the same data type. These conversions can be implicit or explicit. Implicit conversion is allowed just if there not any risk for data loos. To make this conversion is not required the use of any operator, it is just necessary to assign a variable of smaller size to a greater type, and the compiler will automatically do the conversion. This is an example of how an implicit conversion works: 
int myMoney = 5; //the data type int occupies 2 or 4 bytes 
long myLong = myMoney; //long occupies 8 bytes therefore, int can be stored within this data type
(example created by author)

The first variable of type int store a value of 5, the second variable myLong store the value of the first variable which has been automatically converted to type long. When converting from a smaller to a greater range, there is not risk of data loss however, when converting from a smaller floating point type into a greater integer, the fractional part will be lose as integer types cannot read floating numbers. In the following example the explicit conversion is done by placing new the type in parentheses before declaring the value:
double myDouble = 89.3; 
int myInt = (int)myDouble;
(example created by author)

There are also some built-in methods in C# to explicitly convert data types (Nakov, 2013). 
int num1 = 9;
double num2 = 3.45;
string num3 = "4";
Convert.ToString(num1);  // convert int num1 in to a string
Convert.ToDouble(num1);  // convert int num1 into a double
Convert.ToInt32(num3);  // convert num3 into an integer
(example created by author)

[bookmark: _Toc48589038][bookmark: _Toc48589151][bookmark: _Toc48589519][bookmark: _Toc49448172][bookmark: _Toc48063877]Control structures 
[bookmark: _Toc48063878][bookmark: _Toc48589039][bookmark: _Toc48589152][bookmark: _Toc48589520][bookmark: _Toc49448173]If statement:
According with flow control and structures in C# (Trott, 2019), programs written with C # follow the instructions in a linear fashion, from the top to the bottom. However, who program a software, can change its execution through some control structures. These control structures allow to check specific conditions within the program and then run it in a different way. One of the most widely used control structures is the If statement. The program will check different conditions and will execute the one which is true: 
int x = 6;
if(x >= 4)
{   
Console.WriteLine("x is greater or equal to 4"); //if this condition is true the console print this output
}
Else
{
Console.WriteLine("x is less than 4"); //if this condition is true, the console print this output
}
(example created by author)

[bookmark: _Toc48063880][bookmark: _Toc48589040][bookmark: _Toc48589153][bookmark: _Toc48589521][bookmark: _Toc49448174]Nested if statements
When there are different scenarios and different conditions to analyse, it is possible to nest if ... else statement:
int x = 6;  
if(x > 4) // check condition
{   
Console.Write("x is greater than or equal to 4"); // if the condition is true, the console print this result.
}
else if (x < 4) //we can use check as many condition we want using the if statement
{
Console.Write("x is less than 4"); // if this condition is true, the console print this result.
}
else if (x == 4)
{
Console.WriteLine("x is equal to 4")} // if this condition is true, the console print this result.
}
(example created by author)

[bookmark: _Toc48589041][bookmark: _Toc48589154][bookmark: _Toc48589522][bookmark: _Toc49448175]Switch 
There is a much more effective way to simplify the if ... else statement. This is called a switch statement. This switch statement, unlike if ... else, has only one condition to execute and can be used to make the code clearer and more understandable. 
static void Main(string[] args)
{
Console.WriteLine("Which car are you interested in? We have Ferrari , Lamborhini and BMW, please choose one of those options");
string carType = Console.ReadLine();  //promt the user to enter one of these cars
Console.WriteLine(GetCar(carType));  //call a method to get the car and display the output in the console
}

static string GetCar(string carType) //create a method for get car
{
string carDescription;
       switch (carType) //switch through different car types
       {
case "Ferrari":  // if the word entered by the user match this case, the following will be the output for this code
carDescription = " Ferrari 740 turbo, price 225.000 £"; 
              	break; //end program execution
              case "Lamborghini":
carDescription = "Lamborgini Gallardo, price 200.000 £ \nUsed \n30.000 km \nLike New ";
                    break;
              case "BMW":
                    carDescription = "BMW serie 5 \negotiable price \nlike new";
                    break;
default: //if there are not matches, the default function will be executed
carDescription = "please insert one of these cars in your research: Ferrari , Lamborhini and BMW. Note that this program is case sensitive";
                    break;
            }
            return carDescription;

        }(example created by author)
The break keyword at the end of each section of the code means that the case has ended. The program will execute that line of code and will break. If the program does not find any match with the keywords indicated, the default function will be performed. This function must always be inserted at the end of a switch statement.

[bookmark: _Toc48063881][bookmark: _Toc48589042][bookmark: _Toc48589155][bookmark: _Toc48589523][bookmark: _Toc49448176]While loop
It often happens in the construction of a program that you have to repeat a step several times. In programming language this procedure is called looping or iteration. The most used looping methods are do, while, do…while, for and foreach.
The while loop executes a code as long the condition is true.
int a = 1;
while (a <= 5) //as long as this condition is true, the code within this control structure will be executed
{
Console.WriteLine(a);  //a gets printed by the console 5 times until its value becomes 5. 
a++;  //increment the value of a by 1 every time the code gets executed
}(example created by author)
If we forget to increase the value of the variable a each time the program is executed, its value will always be equal to 1,  less than 5 and never equal to 5 and the program will never end.

[bookmark: _Toc48063882][bookmark: _Toc48589043][bookmark: _Toc48589156][bookmark: _Toc48589524][bookmark: _Toc49448177]Do ... While Loop
Unlike the while loop, the do ... while loop guarantees at least one iteration before checking the condition. Again, we must be careful to specify a loop increment to avoid having in an infinite loop.
int a = 1;
do  //execute the code within this control structure
{
Console.WriteLine(a); //print a
       a++; // increment a by one
} while (a <= 5); //if the condition is true, execute this code again
(example created by author)

[bookmark: _Toc48063883][bookmark: _Toc48589044][bookmark: _Toc48589157][bookmark: _Toc48589525][bookmark: _Toc49448178]For Loop:
The for loop is the most popular control structure, it consists in looping a value from a starting point to an ending point and then stopping. 
The basic structure of the for loop is:
for(start value; end condition; increment counter)
{   
//Code to repeat
}(example created by author)

For loop can be used in many different cases in programming such as printing a all the number within a range between 1 and 100:
 for (int i = 1; i <= 100; i++)   //int i = 1 is the starting value, the program will execute as long that i is less or equal than 100 and i must be incremented each time the code is executed
{
Console.WriteLine(i);
i++;
}(example created by author)
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[bookmark: _Toc48589046][bookmark: _Toc48589159][bookmark: _Toc48589527][bookmark: _Toc49448180]Part B
[bookmark: _Toc48589047][bookmark: _Toc48589160][bookmark: _Toc48589528][bookmark: _Toc49448181]Glazier APP
This program was created to build windows. The user is prompt to enter window width and height parameters to calculate the length of the wood and the area of ​​the glass. These are some simple instructions to use this program:
1. Enter a value for the width of the window (included between 0.5 and 5).
2. Enter a value for the height of the window (included between 0.75 and 3).
3. Read the output. 

How this program has been created:
The first step in this program is declaration of different variables and constants. There are no values assigned for the variables while every constant must have a specific value assigned to it. The value of the constants, unlike the variables, cannot be changed during the execution of a program.[image: A close up of a keyboard

Description automatically generated] 
This program was created using the do-while loop. Do-while loop is a control structure that allows to execute the program at least one time before checking if the condition is true or false. If the condition is true, the program will be executed again until the condition becomes false.
[image: A screenshot of a computer screen

Description automatically generated]
How the while loop is used in this program
· Step 1: the user is prompted to enter a value included between MIN_WIDTH (0.5) and MAX_WIDTH (5.0). 
· Step 2: This value is stored in the variable widthString as a string data type.
· Step 3: The variable widthString is explicitly converted into a double data type. 
· Step 4: The condition check if the value entered from the user is less than 0.5 or is greater than 5. If one of these two conditions are true, the program comes back to step 2. 

The program executes another do-while loop and prompt the user in entering the height variable.  
[image: A screenshot of a computer screen

Description automatically generated]
When the program knows the value of width and height, performs a mathematical expression to discover the wood length and the glass area and consecutively displays the result in the console.
[image: A picture containing room, holding

Description automatically generated]













[bookmark: _Toc48589048][bookmark: _Toc48589161][bookmark: _Toc48589529][bookmark: _Toc49448182]Glazier App flow-chartGLOSSARY:
VARIABLES DOUBLE TYPE:
Width, height, woodLenght (length of the wood) ,glassArea (area of the glass),

CONSTANTS DOUBLE TYPE:
MAX_WIDTH (maximum width), MIN_WIDTH (minimum width)
MAX_HEIGHT Maximum height, MIN_HEIGHT Minimum height.

VARIABLES STRING TYPE:
widthString, heightString



[image: ]
Flowchart created by author with SmartDraw
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double width, height, woodLength, glassArea;
const double MAX_WIDTH = 5.0;

const double MIN_WIDTH = @.5;

const double MAX_HEIGHT = 3.0;

const double MIN_HEIGHT = 0.75;

string widthString, heightString;
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Console.Write("Give the width of the window between " + MIN_WIDTH + " and " + MAX_WIDTH + " :
widthString = Console.ReadLine();
width = double.Parse(widthString);

while (width < MIN_WIDTH || width > MAX_WIDTH);
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Console.Write("Give the height of the window between " + MIN_HEIGHT + " and " + MAX_HEIGHT + " : "
heightString = Console.ReadLine();

| height = double.Parse(heightString);

} while (height < MIN_HEIGHT || height > MAX_HEIGHT);
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woodLength = 2 * (width + height) * 3.25;
glassArea = 2 * (width * height);

Console.WriteLine("The leng of the wood is " + woodLength + " feet");
Console.WriteLine("The area of the glass is " + glassArea + " Square metres");
Console.ReadLine();
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