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[bookmark: _Toc49694441][bookmark: _Toc49695288]Part A
[bookmark: _Toc49694442][bookmark: _Toc49695289]Arrays 
An array is a very large type of variable that can contain several elements inside it. Every element within the same array is however located in a different position. These positions are counted from left to right and considering that a computer is only able to read the numbers 0 and 1, the first element of the array on the extreme left will be considered as 0 in the index of the array. The second element will therefore be in position 1 and so on. In an array we can include a set of elements that belong to the same data type. To declare an array, it is therefore necessary to specify the type of data followed by the symbol [] and consecutively the name of the array.

string[] arrayOfNames = {"Tom", "jack" , "Lia", "Mattew", "Sarah"};//creating a string type array
int[] arrayOfIntegers = { 12, 22, 34, 56, 78 }; //array of integers
double[] arrayOfDoubles = { 2.3, 4.5, 6.1, 3, 3, 9.1 }; //array of doubles
(example created by author)

It is possible to access single elements of an array by specifying the index position after calling the array. 

Console.WriteLine(arrayOfNames[0]); //the console prints the element 0 in the arrayOfNames = Tom
Console.WriteLine(arrayOfIntegers[2]);//the console prints the element 2 in the arrayOfIntegers = 34
Console.WriteLine(arrayOfDoubles[5]);//the console prints the element 5 in the arrayOfDubles = 9.1
Console.WriteLine(arrayOfDoubles[6]); //there is not any element in the position 5 in the arrayOfDoubles therefore C# will report an error.
(example created by author)

In C it is also possible to create 2 dimensional arrays if we want to store information in more than raw (Miles, 2019).

int[,] biDimensional = {// to create a two dimentional array we need to insert the simble "," within the square brackets after the data type declaration
            {45,67},   //raw 0 – pos0 and pos1
            {99,33},   //raw 1 – pos0 and pos1
            {86,19},   //raw 2 – pos0 and pos1
            {18,22},   //raw 3 – pos0 and pos1
            };
Console.WriteLine(biDimensional[0,0]); //the first value refer to which raw we want to print, the second value refer to which index position, the console prints 45
Console.WriteLine(biDimensional[3,1]); //the console prints the element in position 1 in the third raw which is 22
Console.WriteLine(biDimensional[3,2]); // there are not elements in position 2 in the third raw, this will cause an error in the program
(example created by author)

 
[bookmark: _Toc49694443][bookmark: _Toc49695290]Object oriented programming (OOP)
OOP is a programming method structured around classes and objects. the most popular software that use OOP are C ++, Java and Python. Each object is created thanks to a class, the concept of OOP is to create a large number of objects and make them work together to give life to a complex program. In addition to the scalability, another advantage of OOP is to create an easily readable and organized code, and to be able to use it several times. DRY (don't repeat yourself) is one of the most important concepts of OOP. the steps on which this programming method is based are the creation of classes, the creation of attributes for each of these, the creation of methods (behaviors for this class) and finally the creation of objects (Doherty, 2020).
[bookmark: _Toc49694444][bookmark: _Toc49695291]Classes and methods
In OOP classes and objects are fundamental elements. A class is considered as a template to create a specific object and it contains qualifying or behavioural information about this object. For example, if we create a student-type class, we can define many generic parameters such as age and name attributes or behaviours such as studying or writing. When we create a class in C# we have to declare it with the keyword Class, then we have to declare its name and then we have to open a curly bracket in which to insert methods or properties of this class and finally close the curly bracket. This is an example of how to create a class:
namespace ConsoleApp  //namespace
{
    class student    //class name
    {
        string name;  //declaring variables 
        int age;
        int marks;
    }

}
(example created by author)
In this example, we have created a class called student and given it some parameters that a student generally has. Once we have created a class and entrusted it with its attributes, we will be able to create different objects belonging to this class, in this case we could create several students belonging to the student class, each of them with different name, age and marks. The correct syntax to create an object requires that you start by writing the name of the class followed by any name you want to assign to the first object, then you have to insert the equal symbol (=) and finally insert the keyword “new” followed by the name of the class to indicate we're going to create a new object of that class. 
student student1 = new student(); //creating new objects from the student class
student student2 = new student();
student student3 = new student();
(example created by author)
In this example I show how we can create an infinite number of objects from a class, each of this object has attributes specified within the class.
Another important topic in OOP is the creation of methods. These are pieces of code that serve to perform a specific function and that can be reused whenever we need them. To create a method it is necessary to declare its access modifier which will be used to determine the access permissions to it, immediately after it is necessary to declare its return type, that is what type of data this method will return and after you have to insert the name of this method (preferably it starts with a capital letter) followed by brackets which can be empty or contain arguments that we want to pass in this method and at the end insert the curly brackets which will contain the code for this method. 
The constructor is a special method that is created automatically when a class is created or can be created by the program's author. Arguments such as attributes for that class can be passed in the constructor. The advantage of creating a constructor is to be able to specify parameters of a new object at the same time as we are going to create it. In the following example we are going to create a class called student, we will specify a variable for this class and then we are going to create a constructor for this class. The constructor must be public to enable creating a new object of this class. In the constructor we are going to pass a variable specifying its data type followed by its name and we will set this variable equal to the main variable.
class Student
        {
            public string name;  
            public student(string studentName)  // public constructor (argument)
            {
                name = studentName;    //argument is equal to the class variable name
            } //end constructor
        }
(example created by author)
Now we are going to create a new object for this class, and we will have to insert a date of the same type as the one passed in the constructor argument. In this case, the type of data we want to insert is of type string and should contain the name of the first student:
class Program
    {
        class Student  
        {
            public string name;  
            public Student (string studentName)//constructor with studentName argument
           
                name = studentName; argument is equal to the class variable 
            }

            static void main() 
            {
                Student studentOne = new Student("Domenico"); //when creating a new student we must insert a data type string within the brackets. We can pass as many arguments as we wont within the constructor.
        
    }
(example created by author)
We can pass as many arguments as we want in our constructor, this will allow to declare every parameter instantaneously in the creation of the object, saving considerably the quantity of code to write and consecutively increasing the speed and the readability of the program. (Taher, 2019)

[bookmark: _Toc49694445][bookmark: _Toc49695292]Inheritance
To apply the concept of inheritance there must be at least two classes, a main one called base class and a derivative called derived class. The base class referred to a specific object, has generic attributes of that object, such as the car class will have generic attributes such as maximum speed, make and model. The concept of inheritance applies when derived classes inherit these attributes or methods from the base class. This way the code does not have to be rewritten, saving time and space. An example of a derived class for the base class car, could be BMW or Ford or any other type of car that will have the generic attributes inherited from the base class plus some specific attributes for that object (Stack-Overflow, 2020).
class Program
    {

        class Car //this is the base class
        {
            public string carType;      //attribute for the base class
            public void MakeSound()     //method for the base class 
            {
                Console.WriteLine(" Car sound is Wroom, Wroom!");
            }
        }

        class BMW : Car       //This is the derived class BMW which inherits methods and attributes from the base class
        {
            public bool FullTraction;    //this is a specific attribute just for this  derived class
        }

        static void Main(string[] args)
        {
            BMW X5 = new BMW();  //create a new object of the derived class  
            X5.carType = "SUV";  //car.Type is inherited from the base class
            X5.MakeSound();      //the method Make.Sound() is inherited from the base class
            X5.FullTraction = true;   //this method is just accessible by the object of the derived class
            
        }
    }
(Example created by author)

[bookmark: _Toc49694446][bookmark: _Toc49695293]Polymorphisms 
The concept of polymorphism can be applied when there are several classes linked together by inheritance. While inheritance allows us to acquire methods or attributes from other classes, polymorphism modifies these methods to adapt them to different situations. If we want to rewrite methods that have been created specifically for a class, it is necessary to declare this method as virtual within the base class. When we are going to rewrite these methods in a derived class, we must declare them with the override keyword (W3School, 2020)
class Car  // Base class 
    {
public virtual void maxSpeed()  //we create a method for the base class. The virtual keyword means that this method can be overridded.
        {
Console.WriteLine("The maximum speed is 200 MH/");  //this is the output for this method
        }
    }

class Bmw : Car  // Derived class 
    {
        public override void maxSpeed()  //the maxSpeed method can be overriddden by using the keyword override
        {
            Console.WriteLine("The maximum speed is 280 MH/h"); //the output for this method has changed
        }
    }

    class Renault : Car  // creating a new derived class
    {
        public override void maxSpeed()  //we can override this method again
        {
            Console.WriteLine("The maximum speed is 170 MH/h");  //the output for this method has changed again
        }
    }

    class Program
    {
        static void Main(string[] args)
        {
            Car myCar = new Car();  // Create a car object from the car class
            Car x5 = new Bmw();  // Create an obkect from the Bmw class
            Car Laguna = new Renault();  // Create an object from the Renault class

            myCar.maxSpeed();  //the output will be the method for the car class: "The maximum speed is 200 MH/"
            x5.maxSpeed(); // the output will be "The maximum speed is 280 MH/h"
            Laguna.maxSpeed(); // the output will be "The maximum speed is 170 MH/h"
           
        }
    }(Example created by author)



[bookmark: _Toc49694447][bookmark: _Toc49695294]PART B 
[bookmark: _Toc49694448][bookmark: _Toc49695295]Testing 
Software testing is a very important step of the software development life circle (SDLC) in which software is tested for errors or security holes. It is much easier and cheaper to discover and correct an error during this phase than to correct the error after releasing the program. Furthermore, faulty software could cause irreparable damage to the consumer such as the loss of large sums of money. Testing will be introduced at different times depending on the SDLC model used.
Post -Development software testing
In the waterfall model, testing is carried out after the development part. Quality engineers will verify the software from an external point of view such as that of the user once the software is complete. This testing methodology is not very common nowadays. 
Software testing in iterative models
Models such as spiral or SCRUM, follow the waterfall model and iterate it for each step. This guarantees a better manageability in identifying errors because the testing is carried out already from the beginning of the construction of the program.
Test-Driven software development
For each function created, a test was created previously. if the code passes the test then it will be implemented. This is the most complete and safest method of testing (Shazzad, 2014).
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