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Classes and objects are both essential to the importance of object-oriented programming (OOP). Classes are a template put in place in order to create objects. Classes have set types where new values can be passed into them to create objects. Objects are essentially instances of a class where values have been passed through. A real-world example of this could be cars. ‘Car’ would be the class with the parameters of ‘make’, ‘model’ and ‘colour’. The resulting object could be something like Vauxhall, Corsa, Silver. Multiple objects can be made for one classes, so in the example prior, many cars could be made with the values being different each time (1). 	Comment by Sarah: Referred to as the attributes of an object	Comment by Sarah: More detail can be given here to construction of an object and the concept of encapsulation.
Inheritance is a method within OOP where a class can be created using existing attributes and methods from a class that has already been made. The advantage that comes with using this method is that it is easy to add child classes to accompany the existing parent classes. Because of this, a hierarchy of classes can be made within the program. It would begin with an initial parent class and then specialise through the classes as it gets further down the hierarchy (2). The use of inheritance is also positive because it reduces the amount of duplicate code used. As well as this, the program will be flexible as changes can be made so that some attributes or methods can be overwritten. Changes could also be made to the parent class that will in turn effect all the child classes (3). 	Comment by Sarah: Well researched, an example would be useful to demonstrate.
Whatis.com describes polymorphism as “the characteristic of being able to assign a different meaning or usage to something in different contexts - specifically, to allow an entity such as a variable, a function, or an object to have more than one form” (4). Polymorphism has various types, one of these is ad hoc polymorphism. This is when operators can be defined for different argument types, an example of this is the ‘+’ symbol. It can be used for integers and floating-point numbers so it represents different functions but the compiler will use the correct function based on the variables used (5). Parametric polymorphism is another form where it allows the creation of generic data types and functions that can be used values with different data types. For example, appending a floating-point number to a list of integers. Polymorphism is useful because it adds simplicity to the code. This is because the compiler can ignore details about types and interact solely with the base type of the family. Because of this it makes the code easier for the writer to read as well as other individuals (6).	Comment by Sarah: I think you need to relate this sentence back to your earlier example to make it clear what you mean.
An interface is a programming structure used in OOP that executes various properties and methods onto an object. An example would be an interface called ‘Vehicles’ and classes called ‘Car’, ‘Motorbike’ and ‘Bus’. These classes would use methods such as ‘StartEngine’ or ‘ChangeGear’ so instead of repeating this code, all three classes would use the ‘Vehicles’ interface which would store and enforce these methods onto the classes (7). You would use an interface instead of a class when the child classes will all inherit the same functionalities but will be able to provide their own implementations. You would also use them if you need to create a class that would have functionalities of two different groups. You would simply create an interface for each group and then inherit the behaviours from those interfaces in the newly created class. You would use a class instead of an interface when the child classes need to have some methods that work in a fixed way and others that would need to be overwritten and changed. To use the previous example, the ‘StartEngine’ method would be the same and would not be changed but other methods such as ‘ChangeGear’ could be different for each vehicle so they would be left as abstract in the parent class so that they can be overwritten accordingly (8).	Comment by Sarah: Good!
The dependency-inversion principle states that high level modules (e.g. methods) shouldn’t have to depend of low level modules. Both modules should be based around abstractions that should not depend, or be made around, other modules or details, the details should depend on the abstractions (9). Without the dependency-inversion principle applied, these higher-level modules will rely quite heavily on the low-level modules. Therefore, if changes would need to be made to the low-level module then changes would also have to be made to the high-level module which could be difficult depending on the complexity of the program. Other problems that arise would because of the changes would be that the functionality of the modules may differ. As well as this the testing will have to be redone to make sure it all works as expected. By implementing the dependency-inversion principle, these changes would not have to be made and the resulting problems would not occur as the high-level modules are not working directly off the low-level modules but instead through the abstraction that lays between them. However, there are some downfalls to the principle, for example implementing this would take more effort and can be more complex when first using it. It also can’t just be applied to all classes and methods so thought must be put into when would be the correct time to implement the principle.	Comment by Sarah: What is this referred to as?	Comment by Sarah: Good!
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Above you can see that the correct amount is displayed depending on the users’ input as well as the error message appearing if an invalid number is entered, in this case a negative number.	Comment by Sarah: Well implement response to question.
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Here you can see how the program returns the relevant response depending on if the circles do overlap or not. There is a check for if the radius entered is a negative number (which it cannot be) and the console returns an error message accordingly. 	Comment by Sarah: Test would be better placed in the constructor, but overall a functional class as per requirements.
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Above is the feedback that the user gets, returned is the price of the cart with and without tax. If a negative value is entered then the user is made aware of it as well as what product is invalid.	Comment by Sarah: Good implementation of question.
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Here is a brief preview of the unfinished program. At this current stage, one user can take goes at guessing a letter of the word chosen from a pre-determined bank of words.	Comment by Sarah: This is start, I assume you would go on to develop a board and the associated game play in an OO way.
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Above is the UML class diagram for the program provided. The program is loosely coupled which is good practice within object oriented programming as it is the sign of a well-structured program whereas tightly coupled classes are difficult to reuse and test. There is only one composition link within the whole program, this is a positive because it means there is less reliability between the classes which makes edits and additions to the program a lot easier to make. Due to the low level of coupling, the program has a high degree of cohesion. The best type of cohesion to describe this program would be sequential as the output of actions are then used for separate actions later. For example, a problem report is created by testers which is then used multiple times by developers and printers. The program keeps good practice when it comes to not repeating itself which is does quite well using inheritance where appropriate. This ensures that if code needs to be edited for a method for example, it only needs to be altered in one place, it also reduces the risk of errors within the code (10). The program makes good use of the interface segregation principle. With this principle smaller interfaces are used to ensure that classes are only exposed to methods and properties that they require to eliminate the amount of redundant data. This is useful because it reduces the amount of code used and makes it easier to read and understand. It also makes use of the dependency-inversion principle (DIP) which can be seen with the printer interface and how the two other printer classes inherit from it. DIP has a few advantages such as making the code easier to maintain and extend to as additions can be easily made because the code can be subdivided and interfaces/classes would not be dependent on each other (11). The program uses singletons in some instances, one example is in the ProblemRepository class where it uses “private static readonly ProblemRepository _instance = new ProblemRepository();”. Singletons allow instances of a resource to be shared globally across the whole of the program. However, the use of singletons are often frowned upon. This is because they make testing harder and often result in higher coupling thus diminishing the flexibility and scale of the application.	Comment by Sarah: A good representation of the program within your class diagram. Your discussion covers many of the OO features covered this year, including correctly identifying the singleton pattern and the good practice of avoiding coupling.
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Software testing is the process of executing a created program to find any bugs or errors. This would be done to ensure that there aren’t any flaws within the program but if there are, they can be identified and fixed (12). Software testing is important because some bugs can be expensive to fix if they haven’t been fixed during the creation of the program. They can also be dangerous depending on how serious they are (13). 
Software testing is more than just executing to see how the program works, there should be a plan set out to describe what needs to be checked and how it will be checked. Errors and other queries will be recorded and how they will be resolved should also be noted. An evaluation should be written after every test to conclude everything that has been found to determine where or not another test needs to be conducted. 
The two main types of software testing are static testing and dynamic testing. Where dynamic testing is the method of running the program to see any errors, static testing is the process of finding these flaws without running the program. This would be done by reviewing documents regarding the program as well as the source code to see if any problems can be spotted (12).
As well as static and dynamic testing, the two other main types of testing are white box and black box testing. White box testing is the testing of a programs’ internal code. Its primary focus is if inputs and outputs are functioning correctly as well as improving the security of the program and the design and usability of it. White box testing would be used to check the following: 
· Potential security flaws
· Broken paths
· How certain inputs are interpreted
· Expected outputs  
· Loops
· Statements (if, else, etc.)
These checks can be done at any level of the software development life cycle. White box testing would be performed by first understanding the source code and then creating various test cases and seeing if the expected results are outputted. Similar with software testing in general, there are various methods of how white and black box testing can be accomplished. One of the most popular is unit testing which is where each block of code is tested as it is written to ensure that it works correctly before continuing (14).
Black box testing simply looks at how the program performs in the eyes of the end user. Black box testing is useful because it doesn’t need to be performed by someone with programming knowledge, in fact it is often more useful if it is performed by the end user themselves so they can spot any issues as they will ultimately be the ones who will be using it. Like white box testing, this can be performed at any time of the software development life cycle which makes it very useful as the product doesn’t have to be finished for the end user to test it and see if they can find any faults with it. Black box is completed to test for:
· Incorrect/missing methods
· Design errors
· Database errors
· Behavioural errors        (15)
However, black box testing can sometimes end up over-testing some areas without focusing on others.
Grey box testing is a combination of black and white box testing where the tester would have some knowledge of the inner workings of the software but not as much as someone who would be white box testing. This then comes with the benefits of both black and white box testing. As well as this, testers rely on the interface and the functionality instead of the source code (16). 
[bookmark: _GoBack]Software testing is beneficial because it can save the developer a lot of time when it comes to discovering and fixing bugs. Testing can also cut costs to the developer as the time and money it would take it fix a serious bug after the entire app has been created can be costly to the creator and potential the person/business the program is for. Consistent tests can improve the reliability of the software as the tester would have the end user in mind as well as what potential scenarios they could be in (17). If enough testing is done during the development of the software, then ideally changes would not need to be made once it has been finalised and the quality of the product would be to the highest standard thus satisfying the end user.
[image: ]A graph showing how the cost of fixing bugs increases over the course of the development stage (18).
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1. 
namespace assignment1Task1
{
    class Program
    {
        static void Main(string[] args)
        {
            //Creating new spoon count
            SpoonCount spoon = new SpoonCount(4);

            //Finding total cost
            spoon.FindTotal();

            Console.ReadLine();
        }
    }

}
namespace assignment1Task1
{
    class SpoonCount
    {
        //Attributes
        private int _numSpoons;

        //Constructor
        public SpoonCount(int numSpoons)
        {
            _numSpoons = numSpoons;
        }

        //Method
        public void FindTotal()
        {
            double totalCost;               //Creates a variable for the cost that will be 0.2(20p) multiplied by the number of spoons manufactured

            if (_numSpoons > 0)            //Checks if the number of spoons entered is a valid amount. If it is greater than 0 then the method will run,
            {                              //otherwise it will return an error message.
                totalCost = _numSpoons * 0.2;     //Calculation for total cost	Comment by Sarah: Use a constant here
                Console.WriteLine("Total cost of the spoons manufactured is £" + totalCost);   //Displays total to console
            }
            else
            {
                Console.WriteLine("Invalid amount entered.");    //Error message if an invalid number is entered
            }
        }
    }
}
2. 
namespace assignment1Task2
{
    class Program
    {
        static void Main(string[] args)
        {
            //Creating the circles
            Circle circle1 = new Circle(2, 4, -1);
            Circle circle2 = new Circle(4, 5, 1);

            //Running the overlap test
            circle1.OverlapTest(circle2);

            Console.ReadLine();
        }
    }
}
namespace assignment1Task2
{
    class Circle
    {
        //Attributes
        private double _x;
        private double _y;
        private double _r;

        //Constructor
        public Circle(double x, double y, double r)
        {
            _x = x;
            _y = y;
            _r = r;
        }

        //Method
        public bool OverlapTest(Circle circle2)
        {
            if (_r < 0 || circle2._r < 0)     //Check if the radius is a valid value (not negative)
            {
                Console.WriteLine("Radius is an invalid value.");	Comment by Sarah: Perhaps this test would be better placed at construction.
                return false;
            }

            else
            {
                //Using the formula to calculate the distance between the centres of the two circles
                double distance;
                distance = ((_x - circle2._x) * (_x - circle2._x)) + ((_y - circle2._y) * (_y - circle2._y));
                distance = Math.Pow(distance, 0.5);

                //Calculating the total radii of the two circles
                double totalRadii;
                totalRadii = _r + circle2._r;

                //If the sum of the radii is greater than the distance of the between the centre of the two circles they will overlap
                if (totalRadii > distance)
                {
                    Console.WriteLine("Circles overlap");
                    return true;
                }
                else
                {
                    Console.WriteLine("Circles do not overlap");
                    return false;
                }
            }

            
        }
    }
}
3. 
namespace assignment1Task3
{
    class Program
    {
        static void Main(string[] args)
        {
            Book book = new Book("1984", 4.20);  //Creating the products
            DVD dvd = new DVD("The Dark Knight", 5.00);
            CD cd = new CD("Limp Bizkit", 3.50);

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

            cart.AddToCart(book);   //Adding the products to the cart
            cart.AddToCart(dvd);
            cart.AddToCart(cd);

            cart.GetTotalPriceWithoutTax();   //Getting the totals of the cart
            cart.GetTotalPrice();


            Console.ReadLine();
        }
    }
}
namespace assignment1Task3
{
    class ShoppingCart
    {
        //Attributes
        private List<Product> _cart;


        //Constructors
        public ShoppingCart()
        {
            _cart = new List<Product>();   //Creating the cart as a list
        }

        //Methods
        public void AddToCart(Product product)   //Method to add products to the cart
        {
            _cart.Add(product);
        }

        public double GetTotalPrice()    //Gets total with tax
        {
            double total = 0.00;

            foreach (Product prod in _cart)         //Goes through each product in the cart and adds the prices up
            {
                if (prod.Price < 0)         //Checks if the price of the product is above £0.00, otherwise it is invalid
                {
                    Console.WriteLine("Invalid price entered for " + prod.Title);      //Alerts the user to the invalid entry and what product it was for
                }
                else
                {
                    total = total + prod.GetPrice();
                }
            }
 
            Console.WriteLine("Total price including tax = £" + total);   //Display total
            return total;
        }

        public double GetTotalPriceWithoutTax()    //Gets total without tax
        {
            double total = 0.00;

            foreach (Product prod in _cart)   //Goes through each product in the cart and adds the prices up
            {
                if (prod.Price < 0)          //Checks if the price of the product is above £0.00, otherwise it is invalid
                {
                    Console.WriteLine("Invalid price entered for " + prod.Title);     
                }
                else
                {
                    total = total + prod.GetPriceWithoutTax();
                }
            }

            Console.WriteLine("Total price excluding tax = £" + total);   //Display total
            return total;
        }

    }
}

namespace assignment1Task3
{
    class Book : Product
    {
        //Constructor
        public Book(string title, double price) : base(title, price)
        {

        }

        //Methods 
        public override double GetPrice()       //Overrides the method in the Product class so that it adds the right tax depending on the product type
        {
            return Price;
        }
    }
}
namespace assignment1Task3
{
    class CD : Product
    {
        //Constructor
        public CD(string title, double price) : base(title, price)
        {

        }

        //Methods
        public override double GetPrice()     //Overrides the method in the Product class so that it adds the right tax depending on the product type 
        {
            Price = Price + (Price * 0.10);    //Adds 10% to the price of the product and returns the new value	Comment by Sarah: Tax rates should be constant
            return Price;
        }
    }
}
namespace assignment1Task3
{
    class DVD : Product
    {
        //Constructor
        public DVD(string title, double price) : base(title, price)
        {

        }

        //Methods
        public override double GetPrice()      //Overrides the method in the Product class so that it adds the right tax depending on the product type
        {
            Price = Price + (Price * 0.12);    //Adds 12% to the price of the product and returns the new value
            return Price;
        }

    }
}
namespace assignment1Task3
{
    class Product
    {
        //Attributes
        private string _title;
        private double _price;

        //Constructor
        public Product(string title, double price)
        {
            _title = title;
            _price = price;
        }

        //Methods
        public virtual double GetPrice()   //Gets the price for a single product
        {
            return _price;
        }

        public double GetPriceWithoutTax()    //Gets the price for a single product
        {
            return _price;
        }

        //Properties
        public string Title
        {
            get
            {
                return _title;
            }

            set
            {
                _title = value;
            }
        }

        public double Price
        {
            get
            {
                return _price;
            }

            set
            {
                _price = value;
            }
        }
    }
}
4.
namespace assignment1Task4
{
    class Program
    {
        static void Main(string[] args)
        {
            Console.WriteLine("Would you like to play Guess the Word?");
            string answer = Console.ReadLine();
            
            if (answer == "y")      //If the user would like to play then this statement will run
            {
                string[] possibleWords =  //Creates an array of the possible words that could be used
                {
                    "House",
                    "Television",
                    "Window",
                    "Curtains",
                    "Wardrobe"
                };

                Random randomWord = new Random();

                string chosenWord = possibleWords[randomWord.Next(0, possibleWords.Length)];    //Chooses a word randomly from the list 

                char[] guess = new char[chosenWord.Length];    
                for (int i = 0; i < chosenWord.Length; i++)     //Takes the length of the word and replaces the characters with '*'
                {
                    guess[i] = '*';
                }

                Console.WriteLine(guess);     //Displays the currently hidden word

                while (true)
                {
                    Console.WriteLine("Player 1, guess a letter...");         //The user guesses a letter here
                    char userGuess = char.Parse(Console.ReadLine());    
                    for (int j = 0; j < chosenWord.Length; j++)
                    {
                        if (char.ToLower(userGuess) == char.ToLower(chosenWord[j]))      //If that letter is in the word then it will replace the asterix
                        {
                            guess[j] = chosenWord[j];
                        }
                    }

                    Console.WriteLine(guess);     //Displays the word with the letters guessed revealed
                }
            }
        }
    }
}
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