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Part A
1. Array in c#
C# array holds the variables that belong to a similar type at contiguous memory location instead of declaring variables differently for each value[footnoteRef:1]. It holds any element that is of valid data type which including char, float, int, and string. Array length is used to specify the number of elements presented in the array. C# allocates memory to all array elements dynamically[footnoteRef:2]. It is easy to find the size of the array using predefined functions since the array is a kind of object. [1:  Kamthane, A, Programming in C#. in , Pearson, 2013.]  [2:  A Mittal, Programming In C#, in , Pearson India, 2010.] 

Since all arrays consist of a contagious memory location, the lowest address corresponds to the first element and the highest address correspond to the last element as shown in the table below:
	data [0]
	data[1]
	data[2]
	data[3]
	data[4]
	…data[n]




    First element                 second element                                                             last element
Reliant on the array description, an array can contain primitives data types as well as class objects. Whenever one uses primitives data types, the real values have to be stored in contiguous memory locations (Busbee, and Braunschweig, 2018). The real objects have to be stored heap segment when it comes to class objects.
Example of how an array is stored

	5
	9
	15
	30
	45


values

	0
	1
	1
	3
	4


Index 
                                           Array length is 5

From this table, 0 is the starting point of the index, and values are stored here. This can store the value of a static number. The index in the array is increased by one a sequential manner until the array values are complete.
In declaring array in c#, we use <data type > [index] <array_name>. < data type> to define the element type of the array. It specifies the data type of the elements. [array] is used to define the size of an array[footnoteRef:3]. And finally, the <array_name> is the name of the array and it is the variable name of the existing array. For example [3:  I Čukić, Functional programming in C#, in .] 

int[] a; // it stores integer values
string[] b; // it stores string values
double[] c; // it stores double values
Peraon[] person1; // it stores instances of Person class and it is a custom class
The declaring of an array does not allocate memory to the array hence the initialization of array is required. This will automatically allocate the memory to each array element. Since the array is a reference type, the new keyword is used to create an instance of the array. This is done as follows<data type > [index] <array_name> = new <data_type> [size]
Array properties.
The array can be jagged, multidimensional, or single-dimensional which defines different levels of dimension in the array definition. In addition to this, the length and the dimension number is established only on the creation of the instances of an array. These values are unchangeable the whole life of the instance. In array, elements of numeric array whose values are default are set to zero, and elements that are reference are set to null. However, a jagged array is defined as an array of arrays, hence it is set to null since its elements are reference type.
The array is said to be zero-indexed. This means that an array that has n elements is indexed in a range of 0 to n-1 elements. An array element can be defined as any type including an array type. Furthermore, array types are reference types derived from the abstract base type array. Since array type implements IEnumerable and IEnumerable<T>, the developer can implement iteration in  C# arrays 
Importance of array in programming.
Arrays work as many items that are collected together, for example, strings. It can be used to group and various activities can be performed on them. Moreover, using several methods in frameworks makes the array accept many items at once. 
string[] names = new string[3];
The number three is the array size, which is the number of items that the array can hold. It is very simple to put items into the array as shown: 
using System;
using System.Collections;

namespace ConsoleApplication1
{
class Program
{
static void Main(string[] args)
{
string[] animals = new string[3];

animal[0] = "Dog";
animal [1] = "Cat";
animal [2] = "Rat";

foreach(string n in animals)
Console.WriteLine(n);

Console.ReadLine();
}
}
}
From the example, the array helped the program to hold animals, Dog, Cat and Rat at once in groups.
Another importance of array is that it sorts a range of values (Busbee, and Braunschweig, 2018). This is facilitated by the classes of an array containing many methods working within arrays. It is done this way: int[] num = new int[5] { 6, 2, 9, 1, 7 };. In this, an array with 5 sized elements is populated with 5 integers. In compiling the array, we get sorted numbers
using System;
using System.Collections;

namespace ConsoleApplication1
{
class Program
{
static void Main(string[] args)
{
int[] num = new int[5] { 8, 2, 5, 3, 7 };

Array.Sort(num);

foreach(int i=k in num)
Console.WriteLine(k);

Console.ReadLine();
}
}
}
The output will be 1,2,3,5,7,8,9. The Array.Sort command which takes the array only. However, the command also can take different parameters for a different kind of sorting. The use of jagged arrays aids up in the sorting of the values. This is because jagged array processes many values that are sorted in a specific manner [footnoteRef:4].In addition to this, jagged arrays help highly in the storage of values in a sophisticated manner so that it can be possible to generate the desired output.  [4:  A Mittal, Programming In C#, in , Pearson India, 2010.] 

The jagged array makes it possible to store data in a multidimensional manner using the same variable name. This helps in memory management and as a result, the program is executed faster and very smoothly[footnoteRef:5].  [5:  A Mittal, Programming In C#, in , Pearson India, 2010.] 

Example of a jagged array
using System; 
class Jagg{ 
public static void Main() 
{ 
int[][] jagged_arr = new int[4][]; 
jagged_arr[0] = new int[] {1, 2, 3, 4}; 
jagged_arr[1] = new int[] {11, 34, 67}; 
jagged_arr[2] = new int[] {89, 23}; 
jagged_arr[3] = new int[] {0, 45, 78, 53, 99}; 
for (int m = 0; m < jagged_arr.Length; m++) { 
System.Console.Write("Row({0}): ", m); 
for (int i = 0; i < jagged_arr[m].Length; i++) { 
System.Console.Write("{0} ", jagged_arr[m][i]); 
} 
System.Console.WriteLine(); 
} 
} 
} 
Output :
Row(0): 1 2 3 4 
Row(1): 11 34 67 
Row(2): 89 23 
Row(3): 0 45 78 53 99 
From the program, the jagged array sorts the numbers and stores them dimensionally.
An Array can be used to serve as other data structures in programming. This data structure includes a link list, trees, graphs, stacks, and queues. The array is implemented especially when the data that is being used are many to be defined as a different variable but of the same data type. It is because the array holds all data at the same time as long as it belongs to the same class. This makes a clear code and a short one that gives effective results.
For instance, if there are several 100 students whose marks are to be entered, the array is used to hold all the students instead of declaring every student otherwise the task will be tedious. In addition to this, using an array is easy and simples since the index ranging from 0 to 99 hold the 100 values at the same time. This also reduces the memory cost.
The use of ArrayList makes the memory expand automatically as the data is being added. The elements are accessed using zero-based integer indexes. Deletion and insertion indexes of elements can take a constants time in the termination of ArrayList. It is more costing and takes a lot of time to perform the deletion and insertion of elements in a dynamic array. For this to be effective, System.Collections namespace is used.
using System;
using System.Collections;

namespace ArrayListExample
{
Class Nill { }

class Program
{
static void Main(string[] args)
{
var object= new ArrayList();

ob.Add("Learning");
ob.Add(344);
ob.Add(55);
ob.Add(new Nill());
ob.Remove(55);

foreach (object k in ob)
{
Console.WriteLine(k);
}
}
}
}
From the above, data is added to the array.


2. OOP concept inheritance.
Inheritance is object-oriented programming (OOP) concept that is very important. It helps the developers to describe a class that makes it simple to maintain and create an application. In addition to this, it gives developers a chance to reuse the functionality of the code and also speeds up the implementation time. This involves a child class inheriting the behaviors of the parent class. This means that it aids the programmers to create new classes where base class properties are inherited to modify, reuse, and extend the behaviors. IS-A relationship is implemented in inheritance. For instance in implements the IS-A relationship. For example, aves IS-A animal, parrot IS-A ave, therefore, parrot IS-A animal as well [footnoteRef:6]. Inheritance allow the child class to iherit all the properties of the child class.when the property is added can only be added to the parent class and the child class will inherit all the other properties. [6:  J Ettinger, Programming in c#, in , Basingstoke, Macmillan, 2010.] 

Example of inheritance
using System;
namespace Example
{
public class People
{
public string first_name;
private string second_name;
public People()
{
Console.WriteLine("second name Class Constructor");
}
public void GetInfo(string sn)
{
Second_name =sn;
Console.WriteLine("first_name: {0}", first_name);
Console.WriteLine("second_name: {0}", second_name);
}
}
public class Inform: People
{
public string Gender;
public Inform()
{
Console.WriteLine("Constructor of the child class");
}
public void GetGender ()
{
Console.WriteLine("Gender: {0}", Gender);
}
}
class Program
{
static void Main(string[] args)
{
Inform i = new Inform();
i.first_name.= " Shakin";
i.Gender = “Male”;
i.GetUserInfo("Mark");
i.GetGender ();
Console.WriteLine("\nPress Any Key to Exit..");
Console.ReadLine();
}
}
}

From the example class, People are the parent class and the class Details are the child class that inherits all the properties from People class . This is due to the inheritance concept that makes it possible for Details class to access all members of the People class with an instance of Details class. Therefore, the code outputs the following: 
Parent Class Constrictor
Constrictor of the child class
First_name: Shakin 
Second_name: Mark
Gender: Male
Press Any Key to Exit...
C# only supports single inheritance. This is because it is only possible for a class to inherit from a single parent class but the inheritance is transitive, making it possible for developers to make use of hierarchical inheritance for types in c#. it is known as a multi-level inheritance.
For instance, the class of z is derived from the class of y and class of y is derived from the class of x, therefore, class of z takes over the members that are declared in the class of y and class of x.

using System;
namespace Example
{
public class x
{
public string Fname;
public void GetFname()
{
Console.WriteLine("First Name: {0}", Fname);
}
}
public class y : x
{
public string Sname;
public void GetSname()
{
Console.WriteLine("Second Name: {0}", Sname);
}
}
public class z : y
{
public string Gender;
public void GetGender()
{
Console.WriteLine("Gender: {0}", Gender);
}
}
class Program
{
static void Main(string[] args)
{
z c = new z();
c. Sname= "Mark";
c. Fname=”Shawn”;
c.Gender = “Male”;
c.GetFname();
c.GetSname ();
c.GetGender();
Console.WriteLine("\nPress Any Key to Exit..");
Console.ReadLine();
}
}
}
From the above code, there are three classes (x, y, z). class z derives its properties from class y and class y derive its properties from x. Considering multi-level inheritance implementation, z can take over the members that belong to y and z. 
However, in c#, multiple inheritances implementation can be made possible by the use of the interfaces. The interface is used to define an agreement on what a class will give to the application. Besides, the interface declares the methods as well as properties. The class defines what the method will perform in the program.
using System;
namespace InheritanceApp {
class wall { 
public void setBreadth (int b) {
breadth = b;
} 
public void setElevation (int e) {
elevation = e;
}
protected int breadth;
protected int elevation;
}
public interface PaintPrice {
int getPrice(int area);
}
class Wallshape: Wall, PaintPrice{ 
public int getSurfacearea() { 
return (Breadth* elevation);
}
public int getPrice (int Totalarea) {
return Totalarea * 70;
}
}
class WallArea{
static void Main(string[] args) {
Wallshape Wshape = new Wallshape ();
int TotalPrice;
Wshape.setBreadth (4);
Wshape setElevation(18);
TotalPrice = Wshape.getSurfacearea();
Console.WriteLine("Total Surface area: {0}", Wshape.getSurfacearea ());
Console.WriteLine("Total Price of Paint: ${0}" , Wshape.getPrice (Totalarea));
Console.ReadKey();
}
}
}

The code will output:
Total Surface area: 72
Total Price of Paint: $5040
Part B
Testing
This is an important process in software development whereby the software is tested to find errors to make the program error-free, identify the gap, and identifying all the missing requirements contrary to the exact requirement. Therefore, testing should always meet the customer requirement. this is there for the testing should always be done by a third party for it to be effective.
There are several software testings models. It includes the waterfall, agile, V, rational unified process, spiral model, and rapid application development model. 
In the waterfall model, the software testers follow an order of the process. These processes flow downwards gradually towards the goal. It uses phases that have unique functions and goals. The phases include gathering and analyzing requirements, software design phase, programmed phase, and the testing and implementation phase. 
V model is where activities of test execution and development are performed in uphill and downhill manner side by side. The testing begins at the unit level and it flows towards the incorporation of the whole system. It saves time and enhances chances of success however it is a rigid model.
In the agile model, solutions and requirements develop vie association amongst several cross-function teams. This is also called an incremental and iterative model. It ensures that the customer is fully satisfied.
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