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This assignment is for the module Application Design and Development. The module focuses understanding software engineering concepts and principles. The module also puts into practice the design and analysis of creating applications.
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[bookmark: _Toc509610691]1. Object Orientated Programming Principles
[bookmark: _Toc509610692]1.1 What is Object Oriented Programming
Object orientated programming concepts started to surface during the mid-1960s[1] and in the 90s OOP grew bigger with the addition of Java[1]. In 2002[1], Microsoft released a new Object Orientated Programming language called C# revamping Visual Basic into a true object-oriented Programming language. 
Object-oriented programming (often referred to as OOP) is a programming method where programs are organised around objects[2] instead of action and logic. Everything found in OOP is placed in self-sustained objects. Objects are a combination of variables, functions and data used to perform a set of activities[2].
The advantages of using object-oriented programming are:
1. Modular – Object-Oriented Programming is modular allowing for the separation duties and easier troubleshooting.
2. Maintainability – Programs developed in OOP programming methods are easily maintainable. This is because as a modular design is used, parts of the program can be updated without having to adjust other pieces of the program.
3. Faster Development – Object Oriented Programming allows for faster development, this is because programmers can re-use the code they have produced.
4. Lower Development Cost – Reusable code leads to less time developing programs, this means it is cheaper for businesses to use OOP programming methods.[3]
[bookmark: _Toc509610693]1.2 What is the difference between a class and an object?
The difference between a class and an object is that classes are used as a blueprint for an object and contains information about the object. There can be multiple objects per class as seen in the example below. Classes are used to describe the behaviour of an object by using attributes, constructors, properties and methods.
The code below shows objects being created. The “new” keyword creates the new object and the “Car” is the name of the class.
Car AudiTT = new Car();
Car FordFocus = new Car();
Car RenaultClio = new Car();
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A problem with using inheritance and polymorphism in the development of large applications is method overloading. A method can be overloaded by creating multiple methods inside a class with the same name, this happens more often with inheritance and polymorphism as developers sometimes forget that the parent or child methods are named the same[4].
The code below by “C# in Depth”[5] shows a good example of inheritance overloading.
class Parent
{
    public void Foo(int x)
    {
        Console.WriteLine("Parent.Foo(int x)");
    }
}

class Child : Parent
{
    public void Foo(double y)
    {
        Console.WriteLine("Child.Foo(double y)");
    }
}


class Test
{
    static void Main()
    {
        Child c = new Child();
        c.Foo(10);
    }
}
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An Interface should be used over a class when something is used to represent a type. For example, if a program contains many cars an interface should be used to drive the cars.
An example of using Interfaces to show capabilities can be found below and was taken from the Dev.To[6] website.
public interface IShootable
{
    void Shoot();
}

public class Camera : IShootable
{
    public void Shoot()
    {
        //Take a picture here 
    }
}

public class Gun : IShootable
{
    public void Shoot()
    {
        //Hit the target 
    }
}}

The code above is a camera and gun example, both objects are capable of shooting things. So using an interface would make better sense rather than creating additional classes.
[bookmark: _Toc509610696]1.5 Advantages and Disadvantages of the Dependency-Inversion Principle
The Dependency Inversion Principle is a principle defined by Robert C. Martin[7]. It is apart of the SOLID principle group. The principle states that high-level modules must depend on abstraction rather than the details.
Advantages of the Dependency-Inversion Principle
· Parts of the system becomes pluggable and replaceable, this makes it easier to test parts in isolation.[8]
· The code produced by the programmers can be reused by breaking the design into different units.
· The programmer can create abstraction easier as indirection is easier to come across.[8]
Disadvantages of the Dependency-Inversion Principle
· Pressure is put on the program design to separate the code into units, making following the original design harder to follow.[8]s
· Programmers might add indirection without making abstraction easier,  this could cause happen when a developer is adding indirection without care.[8]
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2. Object Oriented Programming
In this part of the assignment, 4 exercises were set. Due to time limitations, only 3 of the 4 exercises was completed.
[bookmark: _Toc509610698]2.1 Exercise 1
This exercise was to create a program that counts the number of spoons that have been manufactured by a company. Then finally the program should calculate all the spoons into one total cost.
Spoon.cs
This class is the only additional class file used for this program.
Attributes
The program contains 2 attributes, they are “_cost” for remembering the price per Spoon and “_amount” for the number of spoons produced.
private double _cost;
private int _amount;

Constructor
The constructor used for the application passes 2 values into it, “cost” and “amount”.
public Spoon(double cost, int amount)
{
    _cost = cost;
    _amount = amount;
}

Properties
The attributes are then set using the following code, they can then be used outside of the class as the public keyword is used.
public void SetCost (double value)
{
    _cost = value;
}
private void SetAmount (int value)
{
    _amount = value;
}
public double GetCost()
{
    return _cost;
}
public int GetAmount()
{
    return _amount;
}



Methods
The method used for this class is called “CalculateCost” with the price and amount passed into it. A simple “price * amount” calculation is performed to get the total cost of the spoons. It is then displayed using Console.WriteLine
public void CalculateCost(double price, int amount)
{
    price = price * amount;

    Console.WriteLine("The total cost of creating spoons is: £{0}", price);
}

Program.cs
Inside the main program file, an object gets created and then the method for that object gets called.
Spoon Spoon = new Spoon(0.20, 6);
Spoon.CalculateCost(Spoon.GetCost(), Spoon.GetAmount());
Console.ReadLine();

Below is a screenshot of the program working as expected:
[image: ]
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The second exercise is to develop a class that represents a 2D space on a grid using the X, Y and radius to plot the shape. The program then is supposed create a circle and check for overlapping.
Circle.cs
A class called Circle was created, this class is responsible for all the calculations regarding the hypotenuse and calculating if the circles are overlapping.
Attributes
The class contains 3 attributes, X, Y and radius. That was all that is needed for the program.
private double _x;
private double _y;
private double _radius;

Constructors
A constructor was used to pass the X and Y values as well as the circle radius to the class.
public Circle(double x, double y, double radius)
{
    _x = x;
    _y = y;
    _radius = radius;
}


Properties
Properties were used so that the class could be accessed in the main. Each attribute had a set and get property applied to it.
public void Setx (double value)
{
    _x = value;
}
public void Sety (double value)
{
    _y = value;
}
public void SetRadius (double value)
{
    _radius = value;
}

public double Getx()
{
    return _x;
}
public double Gety()
{
    return _y;
}
public double GetRadius()
{
    return _radius;
}

Methods
The only method used was called “OverlapTest”, this was provided in the assignment brief. It returned using a Boolean, so either true or false.
The method used hypotenuse to find the longest side of the X and Y length. The program then compared that to the radius of both circles. If it was greater than, the circles were overlapping and the Boolean would return true.
public bool OverlapTest(Circle circle)
{
    bool isOverlapping;
    double hypotenuse = Math.Sqrt((_x * _x) + (_y * _y));

    if (hypotenuse > (_radius + circle.GetRadius()))
    {
        isOverlapping = false;
    }
    else
    {
        isOverlapping = true;
    }
    return isOverlapping;
}

The method is then called in the Main.cs of the program.

Program.cs
Both circles are created as an object, the “OverlapTest” is then tested against “Circle2”.
Circle Circle1 = new Circle(10, 30, 20);
Circle Circle2 = new Circle(10, 10, 20);

if (Circle1.OverlapTest(Circle2))
{
    Console.WriteLine("The circles are overlapping.");
} else
{
    Console.WriteLine("The circles are not overlapping.");
}
Console.ReadKey();

Below is a screenshot of the program working:
[image: ]
This is when the Circle1 and Circle2 objects are set to non-overlapping values.
Circle Circle1 = new Circle(10, 30, 20);
Circle Circle2 = new Circle(50, 50, 5);

[image: ]
This is when “Circle1” and “Circle” are set to overlapping values.
Circle Circle1 = new Circle(10, 30, 20);
Circle Circle2 = new Circle(10, 15, 25);
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The third exercise was to create a Shopping Cart class that contains the ability to purchase multiple products. The price per product varies but there is a slight tax change depending on the items. DVDs have 12% tax, CDs have 10% tax and Books have no tax.
The program is built up of multiple classes. The program contains a Product.cs file which is a parent of the DVD, CD and Book class. Inheritance is used in this program as all 3 products do the same thing.
Product.cs
This file is the parent file for each product, it is like a usual class containing attributes, a constructor and properties.
Attributes
Three attributes were used for the program, “_productName” which was the name of the product, “_productPrice” which was the price of the product and “_productTax” which was the amount of tax percentage that came with the product.
private string _productName;
private double _productPrice;
private double _productTax;

Constructors
The product class has a constructor, this is so the attributes within the parent class file can get the attributes set.
public Product(string productName, double productPrice, double productTax)
{
    _productName = productName;
    _productPrice = productPrice;
    _productTax = productTax;
}



Properties
The Product class file also contained the properties for each attribute, each being set and get like usual.
public void SetProductName(string value)
{
    _productName = value;
}
public void SetProductPrice(double value)
{
    _productPrice = value;
}
public void SetProductTax(double value)
{
    _productTax = value;
}

public string GetProductName()
{
    return _productName;
}
public double GetProductPrice()
{
    return _productPrice;
}
public double GetProductTax()
{
    return _productTax;
}

Book.cs, DVD.cs, CD.cs
These files are the parent classes of the Product.cs, they are all identical other than the product name being different.
To make a Book class inherit the product class, the following must be added:
class Book:Product
{
}

Each child class contains just one Constructor. This sends the data to the parent class.

public Book(string productName, double productPrice, double productTax) : base(productName, productPrice, productTax)
{

}

ShoppingCart.cs
The Shopping Cart is the class where everything gets totalled and the tax added. Every item that gets added to the shopping cart gets put inside of a list.
Attributes
private List<Product> _productList;

Constructor
The constructor for this class initialises a new list.
public ShoppingCart()
{
    _productList = new List<Product>();
}

Methods
The Shopping Cart class has 2 methods, the first one adds each item to the cart to the “_productList” list.
The second method then creates a total of each product inside the “_productList”. It then calculates the tax and returns the total.
Program.cs
The Shopping Cart object is first created. Then 4 example items are added, 1 DVD, 1 Book and 2 CDs. Each item is then added to the card using the “AddToCart” method and finally, the total of the shopping cart is totalled and displayed.
// Create new ShoppingCart object
ShoppingCart cart = new ShoppingCart();

// DVD - Each product has 12% tax
DVD Matilda = new DVD("Matilda", 5.00, 12);
cart.AddToCart(Matilda);

// Book - Each product has 0% tax
Book HarryPotter = new Book("Harry Potter: The Goblet of Fire", 15.00, 0);
cart.AddToCart(HarryPotter);

// CD - Each product has 10% tax
CD ManOfTheWoods = new CD("Justin Timberlake - Man of the Woods", 17.00, 10);
cart.AddToCart(ManOfTheWoods);

CD Mania = new CD("Fall Out Boy - Mania", 12.00, 10);
cart.AddToCart(Mania);

// Calculate total and add tax
Console.WriteLine(cart.CalculateTotal());
Console.ReadKey();
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Task 3 of the assignment required a UML diagram for an example program which was provided. 
Unified Modeling Language (UML) is a standardised language for creating object-oriented software designs. It is known as a visual language[9], meaning no code is required to produce UML.
UML Diagrams have the advantage of sharing designed features with other people. UML diagrams can also be re-used by breaking down the system down per class.[9]
[image: ]
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Software Testing is when various tests are performed on a system to check for errors, software testing also covers checking whether the original requirements analysis has been fulfilled. Testing is also done before a program is released, this is to identify any errors.[10]
There are two types of testing that are commonly performed on programs, they are called “Black Box” and “White Box” testing.
[bookmark: _Toc509610703]4.1 Black Box
Black Box testing is sometimes known as Behavioural Testing, it is a testing method where the programs structure, design and implementation gets tested. Black Box testing tries to find errors in the following categories: Incorrect or missing functions, interface errors, behaviour or performance errors, initialisation and termination errors.[11]
Advantages of Black Box Testing
· Tests are performed from a user’s point of view helping expose discrepancies in the specifications. [11]
· The testers are not required to know the programming language the programs were written in
· Tests can be designed from the moment the specification is completed. [11]
[bookmark: _Toc509610704]4.2 White Box Testing
White Box Testing, sometimes known as Clear Box Testing or Open Box Testing[12]. In this method of testing, the tester selects the exercise paths through the code and picks the outputs. Programming knowledge is essential for this method of testing[12]. White Box Testing is beyond the user interfaces of a program.
Advantages of White Box Testing
· Testing can be applied earlier in a stage before the GUI is made available which is often the final part of a program
· Testing is more concise, leading to more problems being found.


[bookmark: _Toc509610705]References
[1]	D. Clark et al., “Beginning C# Object- Oriented Programming Beginning C# Object-Oriented Programming.”
[2]	“OOP Concepts in C#: Code Examples and How to Create a Class.” [Online]. Available: https://stackify.com/oop-concepts-c-sharp/. [Accessed: 22-Mar-2018].
[3]	“Advantages and Disadvantages of Object-Oriented Programming (OOP).”
[4]	“Polymorphism, method overloading and overriding in C# - DotNetFunda.com.” [Online]. Available: http://www.dotnetfunda.com/articles/show/2971/polymorphism-method-overloading-and-overriding-in-csharp. [Accessed: 23-Mar-2018].
[5]	“C# in Depth: Overloading.” [Online]. Available: http://csharpindepth.com/Articles/General/Overloading.aspx. [Accessed: 23-Mar-2018].
[6]	“How do you choose between an interface and abstract class?” [Online]. Available: https://dev.to/suhas_chatekar/how-do-you-choose-between-an-interface-and-abstract-class. [Accessed: 23-Mar-2018].
[7]	“Dependency Inversion Principle.” [Online]. Available: https://www.c-sharpcorner.com/UploadFile/pranayamr/dependency-inversion-principle/. [Accessed: 23-Mar-2018].
[8]	“What are the advantages and disadvantages when we are implementing the dependency injection? - Quora.” [Online]. Available: https://www.quora.com/What-are-the-advantages-and-disadvantages-when-we-are-implementing-the-dependency-injection. [Accessed: 23-Mar-2018].
[9]	“UML Diagrams: Part 1.” [Online]. Available: https://www.c-sharpcorner.com/UploadFile/nipuntomar/uml-diagrams-part-1/. [Accessed: 23-Mar-2018].
[10]	“Software Testing Tutorial.” [Online]. Available: https://www.tutorialspoint.com/software_testing/index.htm. [Accessed: 23-Mar-2018].
[11]	“Black Box Testing - Software Testing Fundamentals.” [Online]. Available: http://softwaretestingfundamentals.com/black-box-testing/. [Accessed: 23-Mar-2018].
[12]	“White Box Testing - Software Testing Fundamentals.” [Online]. Available: http://softwaretestingfundamentals.com/white-box-testing/. [Accessed: 23-Mar-2018].


image1.png
The total cost of creati spoons is: £1.2





image2.png
The circles are not overlappi




image3.png
The circles are overlapping.




image4.png
<<interface>>
IDeveloper

<<interface>>
IReportPrinter

student  string
FixProblem(problem - ProblemReport): void

Print(problem: ProblemReport): void
FixProblem(problem - ProblemReport): void

<<interface>>
Mester

Testing(testName : sring): bool

RaiseProblemReport(; FroblemReport

User

~_usemame : string

~User(in usemame : string)  string

Tester

Admin

Developer

+Tester(in usemame: string)
+Testing(in testName: string) - bool

+RaiseProblemReport) - ProblemReport

+Admin(in usermame: string)

~Testing(in usemame- string) bool

~RaissProblemReport() ‘ProblemReport

ConsoleReportPrinter

XMLReportPrinter

+Print(in report : ProblemReport)
+PrintStatus (in report - ProblemReport)

~Print(in report - ProblemReport): void

~PrintStatus(in report - ProblemReport) - void

ProblemidGenerator

~_nextProblemid: int

+“NewProblemid():

ProblemReport

~ProblemReport)
~Cancel() - void

~InProgress()  bool

+Fixed(): bool
~IsFixed( bool

+Developer (in ussmame * siring)

+FixProblem(in ProblemReport - problem)

DevelopmentTeam

L developers - IDeveloper

~AddDeveloper(in developer - IDeveloper)
+CheckForProblems(
+PrintStatusOfProblems()

~DevelopmentTeam (in printer - IReporiPrinter)

Problemid

st

+Problemid()
+IsEqual(in id - Problemid) - bool

+ToString() - string

Program

I testers

ProblemRepository

_instance : ProblemRepository

reports : ProblemReports

Mester

~_NextTester  int

_printer : IReportPrinter

+TestTeam

+ProblemRepository(

+NewProblemReport(: ProblemReport
+ReadReports(in codeOwner - string): ProblemReports

+ReadTesterReports(in tester siring): ProblemReport

in printer: IReportPrinter)

+AddTester(n tester - ITester)  void
+PerformTest(in testName  siring, in codeOviner - string) void
+SelectNextTester(): void

+PrintRaisedProblems(): void





