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Part A - Object Orientated Programming Principles 
Question A.

A1
In object orientated programming, a class is a base for the construction of objects. A class in its most basic form is a collection of variables that can be pulled and pushed from (using ‘get’ and ‘set’ operators). An object can be thought of as an instance of a class. Within a program, it is possible to have multiple class instances through the creation of objects of the type of class being replicated. Within an object, it is possible to define class values, or use default class values if they have been declared in the class and assign them to a unique instance of a class that can be called upon throughout valid scopes within a program.	Comment by Sarah: “Attributes”	Comment by Sarah: “methods”

A2
The most important application of using inheritance and polymorphism within large applications is simply the reduction of code repetition. Class inheritance within applications is used when numerous classes share similar attributes and methods. For example, if within a supposed application, existed the classes ‘SmallCar’ and ‘BigCar’. It could be assumed that both classes share similar attributes and methods as they are both ‘Car’s. Applying refactoring methods similar to the Third Normal Form within a database context, these two classes could be separated into three classes. The first class, the parent or superclass class, could be named ‘Car’ and would contain all the shared attributes that exist between ‘SmallCar’ and ‘BigCar’. The second and third classes could be called ‘SmallCar’ and ‘BigCar’, these classes would only contain the attributes that differentiate between ‘SmallCar’ and ‘BigCar’ as they inherit the shared attributes from their parent class.									Comment by Sarah: Also any methods unique to big/small car.
Polymorphism in literal terms is defined as the ability to appear in many forms. Within object orientated programming, polymorphism is best exemplified by interfaces. An interface defines the capabilities that should be available within a class, however these capabilities are not fully detailed within the interface. Interfaces are used when the type of data is different, but the functionality required is identical. Using interfaces with large applications allows the reuse of common code, reducing the amount of overall code, as well as making the programmer concentrate on the core functionality of the application.	Comment by Sarah: Good description!






A3
Interfaces should be used instead of classes when the type of data is different, but the functionality required is identical. For example, certain operations such as stop, go, left, and right may all contain the same functionality regardless of the data used within their contexts, however the data within the contexts is likely to change. For instance, within a game, the operation ‘go’ may always move an object 50 pixels in a certain direction. However, depending on the data used within the ‘go’ operation context, the ‘go’ operation may move a plane or a tank. 	Comment by Sarah: You could consider using code or class diagrams to support discussion in this section, along with references to literature.

A4
The Dependency-Inversion Principle revolves around high level modules within applications having a decreased dependence on lower-level modules. It argues that both modules should depend on the abstraction of lower level modules. To put it more succinctly, abstractions with an application should never depend upon the data being passed into the abstractions, rather, the data being passed into the application should depend upon the abstractions.	Comment by Sarah: Good.
In effect, the Dependency-Inversion Principle reduces the links between different pieces of code. For example, say for instance there exists a customer class that depends upon a customer repository class to save data to an SQL server. This is a tight coupling of code and can lead to problems later in the software’s lifespan if, for instance, the data needed to be saved to an Oracle database. For this requirement to be implemented, a change would have to be made to the customer class. To avoid this, we would make the customer class rely upon an abstraction. In practice, this would be achieved by changing the customer repository from a class, to an interface. This would allow the creation of separate classes that rely upon the interface to save data. In doing this, we can create classes that deal with the saving of data into either an SQL server, or an Oracle server.	Comment by Sarah: You could have included a definition of coupling here.	Comment by Sarah: Good.
The advantages of implementing the Dependency-Inversion Principle center around increasing the scalability of applications and pieces of software, with the focus on the abstraction of high-level modules. However, there are disadvantages within the implementation of Dependency-Inversion. Most notable of which is the maintainability of applications; increased abstraction within pieces of code decreases the ease of which programmers can follow the flow of data within the application.






Part B - Object Orientated Programming
Exercise 1
Screenshots
SpoonMachine.cs
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Program.cs
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Output
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Exercise 1 Testing 
To prevent the submission of negative values into the SpoonMachine.addAmountOfSpoons method, the following ‘if’ statement was added. 
[image: ]
When inputting a negative value, it defaults the value to 1, and runs the program as it normally would. As seen in the following.
[image: ]
Note that the returned value of 0 is correct as the number of spoons is zero indexed.	Comment by Sarah: Well implemented program, tested to demonstrate functionality.  The price per spoon could be considered a constant, as there was no requirement to allow this to change during run time of the program.









Exercise 2
Screenshots
Program.cs
[image: ]
Circle.cs
[image: ]
CircleOverlap.cs
[image: ]
Output.cs	Comment by Sarah: You have created two classes rather than one that holds the circles details, and contains the method for testing overlap.
However code is functional and OO.
[image: ]
Exercise 3
Screenshots
ShoppingCart.cs
[image: ]
Item.cs
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CD.cs
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DVD.cs
[image: ]
Book.cs
[image: ]
Program.cs
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Output.cs	Comment by Sarah: Very well implemented ! Again consider use of constants for tax rates.
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Part C – Design
UML	Comment by Sarah: A good attempt at defining the class structure of the program. You have correctly identified the use of interfaces and inheritance.
[image: ]
Design Principles and Patterns 
The most obvious Object Orientated design pattern within the program is the use of the Singleton Pattern within the ProblemRepository class.
The Singleton Pattern is used within projects wherein only one instance of a class should be instantiated as well as when a system needs a resource that can be shared globally. A clear signifier of the use of the Singleton Patter within class creation is the use of a private constructor within the global class, in the programs case, we can see this within the ProblemRepository class.
[image: ]

After creating a private constructor, it becomes impossible to instantiate the ProblemRepository class instance in any other class except that ProblemRepository class itself. Therefore, we can see the class instantiation for the current instance in the form of the creation of a static object. The creation of a static object ensures that only one instance of the ProblemRepository class is guaranteed within the application.
[image: ] 
However, the ProblemRepository class is still inaccessible to the application due to its privacy level, therefore the creation of a public static property is required to gain access to it.
[image: ]
Note the lack of a setter method within this static property. This is because the _instance variable must not change within the application during runtime.
Now within the application, to access the ProblemRepository Singleton, we must use the Instance static property. We can see this used within the Admin.cs file. More specifically, within the RaiseProblemReport method within the class. 
[image: ]
The general complaint when regarding the use of the Singleton Pattern of class design is that if the application is exploiting multiple threads, the use of shared values required considerable care. In addition, the use of Singletons makes testing code harder because you cannot pass the Singleton object as a method argument, instead, as seen above, you would pass the instance from the class itself.	Comment by Sarah: Good!
When thinking about the use of the Singleton patter within the reports application, you could argue both for and against its use. For example, you could argue that the use of the Singleton Patter within this application limits the scope in which the application can perform as only allowing one ProblemRepository could become troublesome if the need for different repositories for different problem types arose. In addition, the High Coupling created when using Singleton Patterns could become a problem if a change is made to the Singleton class. If a change is made to the Singleton class name, then all code using the Singleton class must change as well.
However, you could argue that the use of the Singleton Patter within the ProblemRepository increases the efficiency to which the application operates. For example, if the ProblemRepository did not use a Singleton class design pattern, then since the ProblemRepository class is so widely used, the multiple times that the class is instantiated during the application lifetime would increase the amount of memory that the application uses, reducing the optimization of the application. 	Comment by Sarah: You have correctly identified the use of singleton pattern
Part D – Testing
Software testing is an integral part of the software development process, the cost of fixing bugs (depending on what stage of the development process they’re found in) can raise exponentially if testing is not carried out throughout the development process.
[image: https://www.getautoma.com/img/blog/bug_costs.png]
In the image above [1], A represents a bug that is introduced into the system by committing it to the common code base, B represents the cost of fixing a bug that has existed after less than one day, C represents fixing a bug after a few days, D - go-live, E – production bug, and F represents legacy bugs. The most apparent takeaway from this diagram is the rapid increase in cost of fixing bugs just before and just after the go-live date of the application. This diagram, or other variations of, are used to demonstrate the need for rigorous testing within the software development process.
Unit Testing 
Unit testing is one of the most basic yet important levels of software testing. It involves the testing of individual components of a piece of software. Unit testing is also known as component testing. Unit Testing is also a form of White Box testing. i.e. logic-driven testing wherein the “the item being tested is known to the tester.”[3].
The process of Unit Testing consists of 4 stages:
Setup: The setup phase of performing a Unit Test typically involves the initialization of ‘Mock’ objects (in addition to Dummy, Fake, and Stub objects) that perform the same functionality as objects that would exist within the application. The setup stage can involve the mocking of multiple objects of the same class, all containing different variations of attribute values or methods that satisfy various test cases. 
Exercise: The exercise stage of Unit Testing is the code that performs the operations using the mocked objects that have been declared in the Setup stage.
Verify: The verification stage typically consists of the creation of multiple Assert() statements that verify the output of the Exercise stage. These asserts can be anything from checking the data returned from methods, to checking if redirect actions have taken place (predominantly used within web-based application unit tests).
Teardown: The teardown stage involves the disposal of closing of any resources that may have been used within the test.
The advantages of unit tests are plentiful, however the main benefit of implementing well written unit tests is the increased confidence in maintaining or changing code [2]. Unit tests allow developers to check if any changes they have made have impacted the system in any way; All a developer must do is run the Unit Tests after making any changes to the application and they will be able to see if they have broken anything within the application. Moreover, code is more reusable within application that have unit test. “In order to make unit testing possible, code needs to be modular. This means that codes are easier to reuse.” [2].
Black Box Testing
Black Box Testing, contrary to White Box Testing, is a testing methodology wherein the internal structure of an application is not known to the tester [4]. The methodology is purely concerned with the input/output of the application.
There are two test strategies that are common within Black Box Testing. Testing to Pass and Testing to Fail. Testing to Pass is to test the software the way the system is supposed to be used, i.e. the ‘Happy Path’. These tests are predominantly the first tests to try when implementing Black Box Testing. 
Testing to Fail is to test the software in ways that the developer did not intend. This can also be called error-forcing and is used to probe for common weaknesses in software. Error-forcing can be carrying out processes such as inserting integers as parameters into methods that expect strings (This is also known as Equivalency Partitioning). These tests are usually performed after the Test to Pass tests, as by that time the basic functionality of the application should already be known to work.
The advantages of Black Box Testing mainly revolve around the idea that the tests are done from the end user’s perspective. Moreover, the tester performing the tests does not need to know the language, increasing the ease in which testers can drop into the project to perform tests.	Comment by Sarah: A well researched and discussed section on the need for testing and different testing techniques.  How would this influence the development of your programs in the future?
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class SpoonMachine

{

//initialise number of spoons as @
private int _noSpoons { get; set; }

//total price variable for all spoons created
private double _totalPrice { get; set; }

//initialise spoonType to be a value from the SpoonTypes enum
private SpoonTypes _spoonType { get; set; }

//sets what type of spoons the factory will produce
public enum SpoonTypes { Big, Medium, Small };

7/sets the price of a spoon
public double _spoonPrice { get; set; } = 0.205

//default spoonmachine will produce medium spoons
public SpoonMachine()
[

1

_spoonType = SpoonTypes.Medium;

/users can decide what kind of spoons they want to create
public Spoontlachine(SpoonTypes type)
{

1

_spoonType = type;

/user can decide how many spoons they want to add
//also updates the total price of spoons produced
public int addAmount0fSpoons

_noSpoons = _noSpoons + value;
| totalPrice = _spoonPrice * _noSpoons;
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//returns the number of spoons the machine has made
public int noSpoons.
{

get
{

return _noSpoons;

/ireturns the total price of spoons produces
public double totalSpoonPrice
{

et
{

return _totalPrice;

//returns the spoonType of the machine
public SpoonTypes spoonType
{

gt
i

return _spoonType;
1
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//initialise default spoon machine
Spoontiachine defaultMachine = new Spoontlachine();

//return spoonType of default spoon machine
Console.WriteLine("The spoon type for the default spoon machine is " + defaultMachine.spoonType +

//3dd specified amount of spoons to default spoon machine and return the number of spoons produced and the price
defaulthiachine . addAmountOfSpoons = 34
Console.WriteLine("The total amount of spoons produced from the default spoon machine is " + defaultMachine.noSpoons + ". The total price of these spoons is £ + defaultMachine.totalSpoonPrice);

Console.riteLine();
Console.riteLine();
Console.riteLine();
Console.riteLine();

//initialise user specified spoon machine
Spoontiachine specifiedMachine = new Spoontlachine(Spooniachine. SpoonTypes.Big);

//return spoonType of user specified spoon machine
Console.WriteLine("The spoon type for the specified spoon machine is

+ specifiediachine. spoonType + *..

//3dd specified amount of spoons to default spoon machine and return the number of spoons produced and the price
specifiediachine. addAmountOfSpoons = 505
Console.WriteLine("The total amount of spoons produced from the specified spoon machine is " + specifiedMachine.noSpoons + ". The total price of these spoons is £ + specifiedMachine.totalSpoonPrice);

Console.ReadKey();
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The spoon type for the default spoon machine is Medium.
The total amount of spoons produced from the default spoon machine is 34. The total price of these spoons is £6.8

The spoon type for the specified spoon machine is Big.
The total amount of spoons produced from the specified spoon machine is 56. The total price of these spoons is €10
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public int addAmountOfSpoons

€
set
€
if (value < @)
€
valve
b3
else
€
_noSpoons = _noSpoons + value;
_totalPrice = _spoonPrice * _noSpoons;
¥
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testingMachine = 0
testinghachine. addAnountOfSpoons = -53 The total amount of spoons produced from the specified machine is : ©

_WriteLine(*The total amount of spoons produd
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class Program
€
static void Main(string[] args)
<
Circle cirel = new Circle(s, 5, 10);
Circle circ = new Circle(s, 6, 10);

CircleOverlap overlap = new CircleOverlap();

ool isOverlap = overlap.IsOverlap(circl, circ2);
Console MriteLine("Overlap Status : * + isOverlap);

Circle cire3 = new Circle(s, 5, 10);
Circle circa = new Circle(se, 59, 10);

Circledverlap overlap2 = new Circledverlap();

bool isOverlap? = overlap2.IsOverlap(circ3, circa);
Console.MriteLine("Second Overlap Status : * + isOverlap2);

Console. ReadKey();
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class Circle
€
private double x { get
private double y { get
| private double _r { get.

i

b
public double GetX()
<

return x;

B

public double GetY()
<

return _y;
b
public double GetR()
<

return s
b
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class CircleOverlap
private bool _overlap { get; set } = false;

public bool IsOverlap(Circle cl, Circle c2)

<
| double
dounte
dounte
| double
i doube
i doube
|| doubie distance;
|| aistance = ((c1x - @) * (aAx - 20 + (@y - ) * (@Ay - )3
{ | distance = Math.Pou(distance, 0.5);
|| totalRadii - cir + cor;
|| if(totalRadii > aistance)
il g
i return _overlap = true;
.
i retun _overtan;
3
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inamespace AppDevExercise2(ircle

<

| class Program

€

) static void Main(string[] args)

<
Circle cirel = new Circle(s, 5, 10);
Circle circ = new Circle(s, 6, 10);

CircleOverlap overlap = new CircleOverlap();

bool isOverlap = overlap. IsOverlap(circl, circ2);
Console MriteLine("Overlap Status : * + isOverlap);

Circle cire3 = new Circle(s, 5, 10);
Circle circa = new Circle(se, 50, 10);

Circledverlap overlap2 = new Circledverlap();

bool isOverlap? = overlap2. IsOverlap(circ3, circd);
Console.MriteLine("Second Overlap Status : * + isOverlap2);

Console. ReadKey();

erlap Status : True
Second Overlap Status

False
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class ShoppingCart
{

//declare a list of items
private List<Item> _items = new List<Item>();

//public method that outputs the private variable
public List<Item> GetItems()

{

return _itens;

1

7/adds an item o the items Iist
public void AddItem(Item item)
{
| _itens.Add(item);
b
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class Item

private string _itentiame;
private double _price;

public Ttem(string name, double price)
LG

_itentiome = name;
i price = price;

b3

7/virtual method allows for It to be overrided in a dervied class - in this case we will be overriding 1t fo ouput the correct tax for cach Ttem
public virtual double GetPrice()

e
return _price;
b3
public double Price
€
et
<
return _price;
3
set
<
_price = value;
3
b3
public string Name
€
et
<
return _itentame;
b
b3
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class (D : Item
€
public (D(string name, double price) : base(name, price) { }

7/method that overrides the GetPrice() method in the Ttem class so that the correct tax is outputted
public override double GetPrice()
€

Price = Math.Round(Price + (Price * 0.10), 2);

return Price;
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class DVD : Item
€
public DVD(string name, double price) : base(name, price) { }

7/method that overrides the GetPrice() method in the Ttem class so that the correct tax is outputted
public override double GetPrice()
€

Price = Math.Round(Price + (Price * 0.12), 2);

return Price;
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class Book : Item

€
| public Book(string name, double price) : base(name, price) { }

i 77method that overrides the GetPrice() method in the Ttem class 5o that the correct tax is outputted
public override double GetPrice()
€

return Price;

b3
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Static void Main(string(] args)|
{
e i S
ShoppingCart cart = new ShoppingCart();

//generate some products
DVD dvd = new DVD("DVD", 5.25);

D cd = new O("", 5.25);

Book book = new Book("BOOK", 5.25);

//add the products to the shopping cart
cart. AddIten(dvd);

cart.AddIten(cd);

cart. AddIten(book);.

//iterate through the itens and display their name and price accounting for tax
double totalPrice = 0
foreach(var item in cart.GetItems())

<
Console.UriteLine("The current item name is " + item.Name + " and the current price accounting for tax is " + item.GetPrice());
Console.UriteLine();
‘totalPrice = totalPrice + item.GetPrice();

¥

Console.MriteLine(*The total price of the shopping cart, accounting for VAT is :  + totalPrice);

Console. ReadKey();
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ss Program

static void Main(string[] args)

<

//declare the shopping cart
ShoppingCart cart = new ShoppingCart();

//generate some products
new DVD("DVD", 5.25);

oW avd

//add the products to the shopping cart
cart..AddTten(dva);

cart..AddTten(cd);

cart..AddTten(book);

//iterate through the itens and display their name and price accounting for tax
double totalPrice = 0
foreach(var item in cart.GetItems())

<
Console.UriteLine("The current item name is " + item.Name + " and the current price accounting for tax is " + item.GetPrice());
Console.UriteLine();
‘totalPrice = totalPrice + item.GetPrice();

¥

Console.MriteLine(*The total price of the shopping cart, accounting for VAT is :  + totalPrice);

Console. ReadKey();

The

The

The

The

current item name is DVD and the current price accounting for tax is 5.88
current item name is CD and the current price accounting for tax is 5.78
current item name is BOOK and the current price accounting for tax is 5.25

total price of the shopping cart, accounting for VAT is : 18.2
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_reports = new List<ProblenReport>();
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/1 Attributes
private static readonly Problemiepository _instance = new ProblenRepository();




image21.png
11 Properties

public static ProblesRepository Instance { get { return _instance; } }
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ProblenReport report = Problemiepository. Instance.NewProblemReport();
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