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[bookmark: _Toc506133922]Part A
Object-oriented programming allows for easy troubleshooting and reading through its modularity; and removal of repetition due to the reuse of code that inheritance and polymorphism enable. 	Comment by Sarah: Not always the case, one of the disadvantages of OO code is that it can produce code that  is so decomposed and modularised it is difficult to follow. 
An object is an instance of a class. The class defines the attributes, properties and behaviour of any instance of an object and each individual object defines the specific values that instance contains, therefore the class acts as a blueprint, defining what is common between all instances and the objects define the things that change between instances. 	Comment by Sarah: Good!
A large reason for the use of object-oriented programming is to simplify software building especially in the context of real-world objects. One such way object-oriented programming accommodates this is through inheritance which allows the sharing of properties, attributes and methods between different objects, thus, by separating the properties common to all objects of a certain type into one class known as the parent class, and unique properties into child classes, the amount of code written is reduced due to the removal of code duplication which improves readability and reusability. Decreasing development time and multi-level inheritance improves this further. Despite improved readability, inheritance can contribute to overall complexity of projects and leads to more compiler overheads and allocated, but unused memory. 	Comment by Sarah: Correct.
When a child class requires different functionality for a method common between all other child classes of the same parent class, the concept of polymorphism is employed to allow the child class to override the function of the inherited parent class method. This can greatly reduce the amount of logic required to program solutions to scenarios solved by polymorphism, therefore reducing development time and amount of code. Although often necessary, polymorphism increases compiler overheads further, should be used only when required, and not used to replace simple logic at every opportunity.	Comment by Sarah: Can you give an example or a reference to support this statement?
In its simplest form an interface is a contract between objects that allows them to interact and share functionality whilst defining the requirements of that relationship. Interfaces allow objects to fulfil different roles without the application knowing how the object was created or how it performs the role. Interfaces are used when the type of data being handled is different, but the functionality is the same, allowing the program to choose the correct process to perform an action on different types of data, unlike polymorphic classes where the type of data is the same, but the functionality is different. Interfaces are implemented as forms of inheritance and a class can implement as many interfaces as required, allowing it to inherit from many different sources, unlike classes where only one parent class can be inherited from. A class defines a blueprint that all objects of that type follow, whereas an interface merely defines the requirements of an object relationship.	Comment by Sarah: Good!
The Dependency Inversion Principle says that high level modules shouldn’t depend on low level modules, but they should both depend on abstractions. It also says that abstractions shouldn’t depend on details, but that details should depend on abstractions. The principle essentially aims to remove dependencies between different parts of a program. This improves scalability but hinders maintainability as abstraction renders the flow of data more difficult to follow.	Comment by Sarah: This section requires more explanation.
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Part B
Exercise 1
[image: ]Exercise 1 required a spoon machine class to be made that tracks the total price and number of spoons created. Within the class the pricePerSpoon attribute is pre-populated with the specified price. The Create method increments the spoonsCount attribute and then multiplies this with the pricePerSpoon attribute to calculate the total price. The Create method can be called with an “iterations” overload that specifies how many spoons are to be created. A new instance is then created in the main, the Create method is called to create spoons and the spoonsCount and total properties are then accessed to display the machine statistics.
The inputs have been tested for incorrect values and, due to the use of the TryParse method, if a non-positive or non-numeric value is added, the iterations variable (numberOfSpoons) isn’t updated and the default 0 is used.	Comment by Sarah: Some nice features included, however the idea of looping to create many spoons is somewhat inefficient.

Exercise 2
The second exercise involved developing a class to represent a 2D circle with x and y coordinates of the circle’s centre, and the its radius. A method is then required to test whether the circle overlaps with another circle. This was done with two methods, one that gets the distance between the circles, and one that tests whether they overlap, both of which take the second circle as a parameter. The DistanceBetween method simply subtracts the centre coordinates of both circles from each other and then returns the square root of the squared distances as a double. The OverlapTest method calls the DistanceBetween method to get the distance and then simply checks whether the sum of the radii is less than or equal to the distance between the cirlces, in which case the circles do not overlap, and the Boolean returned is set to false. If this isn’t true, the circles overlap so the Boolean returned is set to true.
[bookmark: _GoBack]In the main, new circle instances are created using the parameters input by the user. The OverlapTest is then used, and a message returned based on the result of the test.[image: ] 
The inputs have been tested for incorrect values and formats. To ensure three values are entered for both circles, they are split into arrays and are tested to discern whether the array length is equal to three. If three values weren’t entered for both circles, the “failed” variable is set to true. If successful the split values are then converted to integers using the TryParse method and, if they cannot be converted, the “failed” variable is again set to true. Once the checks are completed, the “failed” variable is tested and, if false, the calculation is executed, and the result is output to the user. Otherwise an error message informs the user of incorrect input value or format.	Comment by Sarah: Functions as required with some good safety features.
Exercise 3
Exercise 3 involved creating a shopping cart class that contains products of three different types, calculates the tax and adds a total including and excluding tax. Classes for the three product types were required also. Each product class contains the attributes unique to that product and inherits from a parent class called product. The parent product class contains the name, price and tax attributes and a Tax method which calculates and returns the monetary value of the tax from the percentage. Each child class then populates the tax attribute with its specific tax percentage and declares attributes unique to that product such as author for books. The Cart class then declares a list attribute to contain all the products added to the cart and a GetProducts property to return the list for outputting. It then has an Add method to add the product passed in to it to the products list and methods to calculate the price including and excluding tax. These methods simply get the price of each product in the cart and create running totals, one with tax and one without.
The main consists of creating a new instance of the cart and one of each product type, adding these to the cart. The products in the cart are then looped through and the result prices from the excluding and including tax methods are output. The user is then prompted to choose a type of product to add and then enter values for the necessary attributes. This product is added to the cart and the products list and prices are output again.
[image: ]All the inputs have been tested and can handle incorrect data types. Negative values for price are converted to positive, and if a non-numeric character is entered, the product isn’t created and an error message is displayed.	Comment by Sarah: Good implementation.
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Part C
Source code of a program that allows testers and developers to record problems found in tested programs was provided and a UML class diagram has been created (Appendix 1) for it. The diagram details the class and interface structure of the program and the connections between them. The diagram aids in visualising programming concepts such as the singleton pattern, the restriction of class instantiation to one object, present in the ProblemRepository. It also visualises parent, child class structure such as the User class being the parent for the Admin, Developer and Tester classes. Labels on the links give context to the relationships between classes, and interfaces add to this further, exemplified by the IReportPrinter interface, which is linked to several major classes including TestTeam and DevelopmentTeam.
	Comment by Sarah: Good!
[bookmark: _Toc506133925]Part D
Programs must be tested to find and repair bugs. A bug can be defined as an instance where the software doesn’t follow the product specification or something that hinders performance, ease of use or could be perceived as incorrect by the user. Because the cost of fixing bugs increases throughout the project lifecycle, bugs must be found as early possible, however, not everything can be tested for and therefore the number possible tests must be reduced to a manageable amount, making each decision based on assessed risk. This is known as testability; the degree software can be efficiently tested. Simple programs are easier to test and therefore more testable. Testable programs must be observable to determine whether a test is passed. Thresholds should be resettable for ease of testing and there should be documentation available for reference to ensure results are correct.	Comment by Sarah: Good!
There are two types of software testing: static testing, performed on software while not running which includes assessing the design and code; and dynamic testing performed while the software is running. Two ways of testing that can be used in both these testing types are black and white box testing.
Black box testing is data-driven testing, testing software inputs and outputs from an outside user perspective, unconcerned with internal behaviour, instead looking for circumstances where the program’s function doesn’t follow the specification. Functional black box testing involves testing buttons, text and number inputs and file or data outputs. Performance testing, or non-functional black box testing includes repetition testing, stress testing, load testing, usability testing, fuzz testing, race conditions, and security testing.
White box testing is logic-driven and examines the internal software design. The primary difficulty with this testing is avoiding biases and creating tests that conform to standard code operation instead of what is needed. The software should be tested from the top level and test cases adjusted depending on the operation of the code. Code should be placed in states it would otherwise be difficult to achieve.
Unit testing another important form of program testing. It involves testing the specific parts, or units, of a program through specially written pieces of code that can be reused every time changes are made. It allows each class and method to be tested individually. Unit testing is a four stage sequence consisting of setup, where required objects instances are created and variables declared; exercise, the code that performs the tests; Verify, results check flagging errors; Teardown, any resources opened for the test are closed.
	Comment by Sarah: This section could be expanded further. How would your knowledge of testing influence your development of programs?
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Appendix 1 – UML Class diagram:


[image: ]
Appendix 2 – Exercise 1:
SpoonMachine class:
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex1
{
    class SpoonMachine
    {
        //Attributes
        private int _spoonsCount;
        private double _total;
        public double _pricePerSpoon;

        //Constructors
        public SpoonMachine()
        {
            _spoonsCount = 0;
            _total = 0;
            _pricePerSpoon = 0.20;	Comment by Sarah: Create a constant for the spoon price.
        }

        //Properties
        public int spoonsCount
        {
            get { return _spoonsCount; }
            set { _spoonsCount = value; }
        }

        public double total
        {
            get { return _total; }
        }

        //Methods
        public void Create()
        {
            _spoonsCount++;
            _total = _pricePerSpoon * _spoonsCount;
        }

        public void Create(int iterations)
        {
            for (int i = 0; i < iterations; i++)
            {
                _spoonsCount++;	Comment by Sarah: Would it not be more efficient just to add current spoons to increase number of spoons (or are you trying to mimic the manufacturing process here?)
            }

            _total = _pricePerSpoon * _spoonsCount;
        }
    }
}

Main:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex1
{
    class Program
    {
        static void Main(string[] args)
        {
            //Initialise Machine
            SpoonMachine spoonMaker3000 = new SpoonMachine();

            int run = 1;
            int numberOfSpoons = 1;

            while (run == 1)
            {
                Console.WriteLine("Enter the number of spoons to make:");
                int.TryParse(Console.ReadLine(), out numberOfSpoons);

                for (int i = 0; i < numberOfSpoons; i++)
                {
                    spoonMaker3000.Create();

                }

                //Grammar
                string spoons;
                if (spoonMaker3000.spoonsCount > 1)
                    spoons = "spoons";
                else
                    spoons = "spoon";	Comment by Sarah: Nice feature!

                //Outputs the information
                Console.WriteLine("{0} {1} made. The total price is £{2}", spoonMaker3000.spoonsCount, spoons, spoonMaker3000.total.ToString("N2"));

                Console.WriteLine("Re run the machine? (Y/N)");
                string yesNo = Console.ReadLine().ToLower();
                if (yesNo == "n" || yesNo == "no" || yesNo == "0")
                    run = 0;
                
            }
        }
    }
}


Appendix 3 – Exercise 2:

Circle class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex2
{
    class Circle
    {
        // Atributes
        public int _x;
        public int _y;
        public int _radius;

        // Constructors
        public Circle(int x, int y, int radius)
        {
            _x = x;
            _y = y;
            _radius = radius;
        }

        // Properties
        public int XCoord
        {
            get { return _x; }
            set { _x = value; }
        }

        public int YCoord
        {
            get { return _y; }
            set { _y = value; }
        }

        public int Radius
        {
            get { return _radius; }
            set { _radius = value; }
        }

        // Methods

        public double DistanceBetween(Circle circle)
        {
            int DistanceX;
            int DistanceY;

            DistanceX = circle.XCoord - _x;
            DistanceY = circle.YCoord - _y;

            return Math.Sqrt(DistanceX * DistanceX + DistanceY * DistanceY);
        }
        
        public bool OverlapTest(Circle circle)
        {
            bool overlaps;
            int radiusSum = circle.Radius + _radius;

            if(radiusSum <= DistanceBetween(circle))
            {
                overlaps = false;
            }
            else
            {
                overlaps = true;
            }

            return overlaps;
        }

    }
}

Main:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex2
{
    class Program
    {
        static void Main(string[] args)
        {
            int run = 1;

            Circle Circle1 = new Circle(1, 1, 1);
            Circle Circle2 = new Circle(2, 1, 1);

            while (run == 1)
            {
                Console.WriteLine("Enter the x and y coordinates of the center and the radius of the first circle (Format: x,y,r):");
                string Circle1String = Console.ReadLine();
                Console.WriteLine("Enter the x and y coordinates of the center and the radius of the second circle (Format: x,y,r):");
                string Circle2String = Console.ReadLine();

                // Splitting the input values and storing them in arrays
                string[] Circle1Val = Circle1String.Split(',');
                string[] Circle2Val = Circle2String.Split(',');
                bool failed = false;

                // Input validation
                if (Circle1Val.Length == 3 && Circle2Val.Length == 3)
                {
                    if (!Int32.TryParse(Circle1Val[0], out int X1))
                        failed = true;
                    else
                        Circle1.XCoord = X1;
                    if (!Int32.TryParse(Circle1Val[1], out int Y1))
                        failed = true;
                    else
                        Circle1.YCoord = Y1;
                    if (!Int32.TryParse(Circle1Val[2], out int R1))
                        failed = true;
                    else
                        Circle1.Radius = Math.Abs(R1); // Converts negative values to positive, can't have a negative radius
                    if (!Int32.TryParse(Circle2Val[0], out int X2))
                        failed = true;
                    else
                        Circle2.XCoord = X2;
                    if (!Int32.TryParse(Circle2Val[1], out int Y2))
                        failed = true;
                    else
                        Circle2.YCoord = Y2;
                    if (!Int32.TryParse(Circle2Val[2], out int R2))
                        failed = true;
                    else
                        Circle2.Radius = Math.Abs(R2); // Converts negative values to positive, can't have a negative radius	Comment by Sarah: Good feature
                }
                else
                    failed = true;

                if (failed == true)
                {
                    Console.WriteLine("Incorrect input value or format");
                }
                else
                {
                    if (Circle1.OverlapTest(Circle2))
                    {
                        Console.WriteLine("The circles overlap.");
                    }
                    else
                    {
                        Console.WriteLine("The circles do not overlap");
                    }
                }

                Console.WriteLine("Compare more circles?");
                string yesNo = Console.ReadLine().ToLower();
                if (yesNo == "n" || yesNo == "no" || yesNo == "0")
                    run = 0;
            }
        }
    }
}

Appendix 4 – Exercise 3:

Product class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class Product
    {
        // Attributes
        public string _name;
        public double _price;
        public int _tax;

        //Properties
        public string Name
        {
            get { return _name; }
            set { _name = value; }
        }

        public double Price
        {
            get { return _price; }
            set { _price = value; }
        }

        public int PercentageTax	Comment by Sarah: Good feature!
        {
            get { return _tax; }
            set { _tax = value; }
        }

        // Methods
        public double Tax()
        {
            double tax = (_price * _tax) / 100;
            tax = Math.Round(tax, 2);
            return tax;
        }
    }
}

Book class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class Book : Product
    {
        // Attributes
        public string _author;

        // Constructors
        public Book(string title, string author, double price)
        {
            _name = title;
            _author = author;
            _price = price;
            _tax = 0;
        }

        // Properties


        // Methods

    }
}

DVD class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class DVD : Product
    {
        // Attributes
        public string _director;

        // Constructors
        public DVD(string title, string director, double price)
        {
            _name = title;
            _director = director;
            _price = price;
            _tax = 12;
        }

        // Properties


        // Methods

    }
}

CD class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class CD : Product
    {
        // Attributes
        public string _artist;

        // Constructors
        public CD(string title, string artist, double price)
        {
            _name = title;
            _artist = artist;
            _price = price;
            _tax = 10;
        }

        // Properties


        // Methods

    }
}

Cart class:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class Cart
    {
        // Attributes
        private List<Product> _products;

        // Constructors
        public Cart()
        {
            _products = new List<Product>(); // Creates a list to store products in cart
        }

        // Properties
        public List<Product> GetProducts
        {
            get { return _products; }
        }
        // Methods
        
        // Adds new product to the cart list
        public void Add(Product product)
        {
            _products.Add(product);
        }

        // Gets the price and tax of each product in the cart and creates a running total
        public double PriceIncludingTax()
        {
            double price = 0;
            foreach (var product in _products)
            {
                price = price + product.Price + product.Tax(); 
            }
            return price;
        }

        // Gets the price each product in the cart and creates a running total
        public double PriceExcludingTax()
        {
            double price = 0;
            foreach (var product in _products)
            {
                price = price + product.Price;
            }
            return price;
        }
    }
}

Main:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

namespace Ex3
{
    class Program
    {
        static void Main(string[] args)
        {
            Cart cart = new Cart();
            Book LOTR = new Book("The Lord of the Rings", "J. R. R. Tolkien", 15.99);
            DVD UnexpectedJourney = new DVD("The Hobbit: The Unexpected Journey", "Peter Jackson", 7.99);
            CD TwoTowersOST = new CD("The Lord of the Rings: Two Towers Original Sound Track", "Howard Shore", 12.99);
            cart.Add(LOTR);
            cart.Add(UnexpectedJourney);
            cart.Add(TwoTowersOST);
            Console.WriteLine("Items in cart:");
            foreach (var product in cart.GetProducts)
            {
                Console.WriteLine("{0}, £{1} (Excluding Tax of {2}%))", product.Name, product.Price, product.PercentageTax);
            }
            Console.WriteLine("Total Price (Excl. Tax): £{0}", cart.PriceExcludingTax());
            Console.WriteLine("Total Price (Incl. Tax): £{0}", cart.PriceIncludingTax());
            bool loop = true;

            while(loop)
            {
                Console.WriteLine("Add new item?");
                string yesNo = Console.ReadLine().ToLower();
                if (yesNo == "n" || yesNo == "no" || yesNo == "0")
                    loop = false;
                else
                {
                    Console.WriteLine("Choose product type:");
                    Console.WriteLine("1 for Book, 2 for DVD, 3 for CD");
                    string productType = Console.ReadLine();
                    if (productType == "1")
                    {
                        Console.WriteLine("Enter a title:");
                        string title = Console.ReadLine();
                        Console.WriteLine("Enter an author:");
                        string author = Console.ReadLine();
                        Console.WriteLine("Enter a price:");
                        string priceStr = Console.ReadLine();
                        if (double.TryParse(priceStr, out double price))
                        {
                            price = Math.Abs(price); // Convert negative price to positive
                            Book newBook = new Book(title, author, price);
                            cart.Add(newBook);
                        }
                        else
                            Console.WriteLine("Error parsing input value");
                    }
                    else if (productType == "2")
                    {
                        Console.WriteLine("Enter a title:");
                        string title = Console.ReadLine();
                        Console.WriteLine("Enter a director:");
                        string director = Console.ReadLine();
                        Console.WriteLine("Enter a price:");
                        string priceStr = Console.ReadLine();
                        if (double.TryParse(priceStr, out double price))
                        {
                            price = Math.Abs(price); // Convert negative price to positive
                            DVD newDVD = new DVD(title, director, price);
                            cart.Add(newDVD);
                        }
                        else
                            Console.WriteLine("Error parsing input value");
                    }
                    else if (productType == "3")
                    {
                        Console.WriteLine("Enter a title:");
                        string title = Console.ReadLine();
                        Console.WriteLine("Enter an artist:");
                        string artist = Console.ReadLine();
                        Console.WriteLine("Enter a price:");
                        string priceStr = Console.ReadLine();
                        if (double.TryParse(priceStr, out double price))
                        {
                            price = Math.Abs(price); // Convert negative price to positive
                            CD newCD = new CD(title, artist, price);
                            cart.Add(newCD);
                        }
                        else
                            Console.WriteLine("Error parsing input value");
                    }
                }
                Console.WriteLine("Items in cart:");
                foreach (var product in cart.GetProducts)
                {
                    Console.WriteLine("{0}, £{1} (Excluding Tax of {2}%))", product.Name, product.Price, product.PercentageTax);
                }
                Console.WriteLine("Total Price (Excl. Tax): £{0}", cart.PriceExcludingTax());
                Console.WriteLine("Total Price (Incl. Tax): £{0}", cart.PriceIncludingTax());
            }
            Console.ReadKey();
        }
    }
}
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