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[bookmark: _Toc155789586]Introduction
 I have created an application for a car sales company called Morris Motors. The program showcases my knowledge and implementation of OOP principles in the C++ programming language. Within the program I have included the use of multiple classes, the use of inheritance as well as polymorphism to create what I believe is a well rounded example of an OOP application. 
The program allows staff members to manage customer information as well as cars to the system, it then facilitates customers to browse and buy cars. 
This report will delve into the Morris Motors program, highlighting key features such as classes, polymorphism and inheritance. I will also include a test plan which will test normal input as well as edge case data, proving the inclusion of relevant constraints.

[bookmark: _Toc155789587]Test Plan
In this section I will highlight the different functionalities of the Morris Motors program, showing normal and edge case tests to prove the usability of the program.

· Adding a car 
This is a key function of the program, below I will show 4 tests;
1. Normal Case – adding a car with a valid make, model & price. Works as expected.
[image: A blue screen with white text
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2. Edge Case – adding a car with no make. Works as expected.
3. Edge Case – adding a car with no model. Works as expected.
4. Edge Case – adding a car with a negative price. Works as expected.
Here are tests for 2, 3 and 4 within one screengrab:
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· Adding a customer
1. Normal Case – adding a customer with valid details. Works as expected.
[image: A screenshot of a computer screen
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2. Edge Case – adding a customer with an empty name. Works as expected.
3. Edge Case – adding a customer with an empty address. Works as expected.
4. Edge Case – adding a customer with an empty phone number. Works as expected.
Test for 2, 3 and 4 below:
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· Displaying all available cars
1. Normal Case – viewing all available cars when there are cars added. Works as expected.
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2. Normal Case – viewing all available cars when there are no cars in the system. Works as expected, but could add a message to say no available cars to improve clarity.
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· Selling Cars
1. Normal Case – selling a car to a customer while a valid carID and customerID exist
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2. Edge Case – Selling a car with an invalid carID, works as expected.
3. Edge Case – Selling a car with an invalid customerID, works as expected.
Test for 2 and 3 below:
[image: A blue background with white text
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4. Edge Case – Selling a car which is unavailable. It is impossible to buy a car which is unavailable (car ID 1 has already been purchased) but I could do a different error message along the lines of, “Sorry this car has been purchased and is unavailable”. For now I am trying to keep my code as simple as possible.
[image: A blue background with white text
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· Staff Menu 
1. Normal Case – Navigating to the staff menu and selecting a valid option. This is a simple yet essential operation which works as expected.
[image: A menu screen with white text
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2. Normal Case – Navigating to the staff menu and exiting, works as expected.
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3. Edge Case – Navigating to the staff menu and choosing an invalid choice. Works as expected.
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· Customer Menu
1. Normal Case – Navigating to the customer menu and selecting a valid option. Key operation, works as expected.
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2. Normal Case – Navigating to the customer menu and exiting, works as expected.
[image: A menu screen with white text
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3. Edge Case – Navigating to the customer menu and selecting an invalid option. Works as expected.
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· Exiting the program
1. Normal Case – exiting the program from the main menu. Works as expected.
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In object-oriented programming (OOP), classes are templates which define the structure and behaviour of entities [1]. We can think of a class as a blue print for creating objects and encapsulating data and behaviour of entities. Encapsulation in this regard allows attributes and methods to be kept together, which makes the code easier to manage and maintain as it is more modular.
An object is an instance of a class. An object has unique attributes and behaviours which are defined by the class [2]. The creation of objects allows programmers to model real-world scenarios effectively.
In my Morris Motors program, I have utilised the concept of classes and objects to model the real-world entities and processes.

· Person Class
This class was created to be a generic representation of a person, it includes essential attributes such as name, address and phone number. When I initially made this class, my program was gearing toward having Customers and Staff derived classes, as my program became more complex, I removed the staff class, opting for a cleaner program.
· Car Class
This class encapsulates all relevant attributes needed to record cars, such as make, model, price and availability. Having the availability attribute allows us to mark the car as unavailable thus unviewable, so that it can’t be sold twice. If I were to take Morris Motors program further, I would add more attributes such as body type, milage and colour, which could allow users to search based on these attributes. I have not implemented these at this stage as I wanted to focus purely on the OOP side of the program without getting bogged down in endless attributes and functionalities. I have utilised Private Members within the car Class to ensure data integrity. For example carID, make, model, price and isAvailable are within a private member, only being modified through methods provided by the class such as sellCar() for changing the availability.
· Customer class
Inheriting from the Person class, this class further defines a customer by adding a unique customer ID. Having the customer class allows the system to handle customer specific operations such as buying a car (which requires a valid customer ID). Note this made a bit more sense when I had two inherited classes from customers (customers and staff) but as stated the program became too complex, unmanageable and beyond the scope of the assignment. 
· CarSalesSystem Class
This class acts as the control system for the program, tying together many other functionalities and processes. It manages collections of Car and Customer objects and allows the user to complete functionalities such as adding new cars and customers to the system, displaying available cars and facilitation selling cars.

To conclude, I believe my program is a good showcase of how to properly use OOP to create a modular, maintainable, and scalable program which could be used in the real world. I have kept the user menus simple to use and navigate which believe makes the program self-explanatory and user friendly. 

[bookmark: _Toc155789589]User Guide
The application is intended to be straight forward for any user to use, with only a few menus and options within each menu. 
[bookmark: _Toc155789590]Main Menu
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As you can see the Main Menu is very straightforward to understand and use.
[bookmark: _Toc155789591]Staff Menu
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Like the main menu, the staff menu is also very self explanatory, with only a few options. When selected upon each option walks the user through the exercise they are completing, such as adding a car.
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The customer menu is equally as straightforward and user-friendly, with the main customer menu containing just a few key options.
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And once an option is selected, the customer is guided through the exercise, with explicit commands on what the application is expecting to be input.
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[bookmark: _Toc155789593]User Guide Conclusion
The use of simple tables and explicit instructions on what the information the program is expected to receive, coupled with good error handling and error messages provides a smooth user experience for any type of user using the program. The database provides a good level of abstraction, there is a clear disconnect from the complexity of the code when compared with the simplicity of the user menus. I am happy with the user experience of the program.
[bookmark: _Toc155789594]Conclusion 
The development of the Morris Motors program has been a comprehensive delve into OOP principles using C++. I believe I have successfully demonstrated the use of classes, encapsulation, inheritance, and polymorphism to create a usable program for selling cars. I believe the inclusion of OOP principles has allowed me to create a code base which is maintainable and scalable, I know I can add more inherited classes from the people class in case I need to add sales staff etc. 
I have created a user friendly interface which is straightforward to use for any level of user. This assignment has given me a deeper appreciation of OOP principles as well as taught me a lot in the use of C++.
[bookmark: _Toc155789595]Code Implementation
#include <iostream>
#include <string>
#include <vector>

using namespace std;

// Define the base class Person
class Person {
protected:
    string name;
    string address;
    string phone;

public:
    // Constructor for Person class
    Person(const string& n, const string& addr, const string& ph)
        : name(n), address(addr), phone(ph) {}

    // Virtual function to display person information
    virtual void displayInfo() const {
        cout << "Name: " << name << endl;
        cout << "Address: " << address << endl;
        cout << "Phone: " << phone << endl;
    }

    // Getter for name attribute
    string getName() const { return name; }
};

// Define the Car class
class Car {
private:
    static int nextCarID;
    int carID;
    string make;
    string model;
    double price;
    bool isAvailable = true;

public:
    // Constructor for Car class
    Car(const string& mk, const string& mdl, double pr)
        : carID(nextCarID++), make(mk), model(mdl), price(pr), isAvailable(true) {}

    // Function to display car information
    void displayInfo() const {
        cout << "Car ID: " << carID << endl;
        cout << "Make: " << make << endl;
        cout << "Model: " << model << endl;
        cout << "Price: £" << price << endl;
        cout << "Available: " << (isAvailable ? "Yes" : "No") << endl;
    }

    // Getter for isAvailable attribute 
    bool getIsAvailable() const { return isAvailable; }

    // Function to mark the car as sold
    void sellCar() { isAvailable = false; }

    // Getter for carID attribute
    int getCarID() const { return carID; }

    // Getter for make attribute
    string getMake() const { return make; }

    // Getter for model attribute
    string getModel() const { return model; }
};

int Car::nextCarID = 1;

// Define the Customer class that inherits from Person
class Customer : public Person {
private:
    static int nextCustomerID;
    int customerID;

public:
    // Constructor for Customer class
    Customer(const string& n, const string& addr, const string& ph)
        : Person(n, addr, ph), customerID(nextCustomerID++) {}

    // Function to display customer information
    void displayInfo() const override {
        Person::displayInfo();
        cout << "Customer ID: " << customerID << endl;
    }

    // Function for a customer to buy a car
    void buyCar(Car& car) {
        if (car.getIsAvailable()) {
            car.sellCar();
            cout << getName() << " has purchased the car: " << car.getMake() << " " << car.getModel() << endl;
        } else {
            cout << "Sorry, this car is not available." << endl;
        }
    }

    // Getter for customerID attribute
    int getCustomerID() const { return customerID; }
};

int Customer::nextCustomerID = 1;

// Define the CarSalesSystem class
class CarSalesSystem {
private:
    vector<Car> cars;
    vector<Customer> customers;

public:
    // Function to add a new car to the system
void addCar() {
    string make, model;
    double price;

    // Clear the input buffer to avoid reading leftover newline characters
    cin.ignore(numeric_limits<streamsize>::max(), '\n');

    // Input validation loop for make
    while (true) {
        cout << "Enter Car Make: ";
        getline(cin, make);

        if (!make.empty()) {
            break;
        } else {
            cout << "Make cannot be empty. Please enter a valid make." << endl;
        }
    }

    // Input validation loop for model
    while (true) {
        cout << "Enter Car Model: ";
        getline(cin, model);

        if (!model.empty()) {
            break;
        } else {
            cout << "Model cannot be empty. Please enter a valid model." << endl;
        }
    }

    // Input validation loop for price (not negative)
    do {
        cout << "Enter Car Price: ";
        cin >> price;

        if (price < 0) {
            cout << "Price cannot be negative. Please enter a valid price." << endl;
            cin.clear(); // Clear the error flag
            cin.ignore(numeric_limits<streamsize>::max(), '\n'); // Clear the input buffer
        }
    } while (price < 0);

    // Ignore leftover newline after reading price
    cin.ignore(numeric_limits<streamsize>::max(), '\n');

    cars.emplace_back(make, model, price);
    cout << "Car added successfully." << endl;
}


    // Function to add a new customer to the system
void addCustomer() {
    string name, address, phone;

    // Clear the input buffer to avoid reading leftover newline characters
    cin.ignore(numeric_limits<streamsize>::max(), '\n');

    // Input validation for name
    while (true) {
        cout << "Enter Customer Name: ";
        getline(cin, name);
        if (!name.empty()) {
            break;
        } else {
            cout << "Name cannot be empty. Please enter a valid name." << endl;
        }
    }

    // Input validation for address
    while (true) {
        cout << "Enter Customer Address: ";
        getline(cin, address);
        if (!address.empty()) {
            break;
        } else {
            cout << "Address cannot be empty. Please enter a valid address." << endl;
        }
    }

    // Input validation for phone number
    while (true) {
        cout << "Enter Customer Phone: ";
        getline(cin, phone);
        if (!phone.empty()) {
            break;
        } else {
            cout << "Phone number cannot be empty. Please enter a valid phone number." << endl;
        }
    }

    customers.emplace_back(name, address, phone);
    cout << "Customer added successfully." << endl;
}


    // Function to display available cars in the system
    void displayCars() const {
        cout << "\nAvailable Cars:" << endl;
        for (const auto& car : cars) {
            if (car.getIsAvailable()) {
                car.displayInfo();
                cout << "------------------------" << endl;
            }
        }
    }

    // Function to find a customer by their ID
    Customer* findCustomerByID(int customerID) {
        for (auto& customer : customers) {
            if (customer.getCustomerID() == customerID) {
                return &customer;
            }
        }
        return nullptr;
    }

    // Function to allow a customer to buy a car
    void sellCar() {
        int carID, customerID;
        cout << "Enter Car ID to buy: ";
        cin >> carID;
        cout << "Enter your Customer ID: ";
        cin >> customerID;

        Car* car = nullptr;
        for (auto& c : cars) {
            if (c.getCarID() == carID && c.getIsAvailable()) {
                car = &c;
                break;
            }
        }

        Customer* customer = findCustomerByID(customerID);
        if (car && customer) {
            customer->buyCar(*car);
        } else {
            cout << "Invalid Car ID or Customer ID. "
                 << "Speak to a member of staff to create your account or verify the Car ID." << endl;
        }
    }

    // Function to display the staff menu
    void showStaffMenu() {
        int choice;
        do {
            cout << "\nStaff Menu" << endl;
            cout << "1. Add Car" << endl;
            cout << "2. Add Customer" << endl;
            cout << "3. View Cars" << endl;
            cout << "4. Back to Main Menu" << endl;
            cout << "Enter your choice: ";
            cin >> choice;

            switch (choice) {
                case 1:
                    addCar();
                    break;
                case 2:
                    addCustomer();
                    break;
                case 3:
                    displayCars();
                    break;
                case 4:
                    return;
                default:
                    cout << "Invalid choice. Please try again." << endl;
            }
        } while (true);
    }

    // Function to display the customer menu
    void showCustomerMenu() {
        int choice;
        do {
            cout << "\nCustomer Menu" << endl;
            cout << "1. View Cars" << endl;
            cout << "2. Buy Car" << endl;
            cout << "3. Back to Main Menu" << endl;
            cout << "Enter your choice: ";
            cin >> choice;

            switch (choice) {
                case 1:
                    displayCars();
                    break;
                case 2:
                    sellCar();
                    break;
                case 3:
                    return;
                default:
                    cout << "Invalid choice. Please try again." << endl;
            }
        } while (true);
    }
};

int main() {
    CarSalesSystem system;
    int choice;

    do {
        cout << "\nMain Menu" << endl;
        cout << "1. Staff Menu" << endl;
        cout << "2. Customer Menu" << endl;
        cout << "3. Exit" << endl;
        cout << "Enter your choice: ";
        cin >> choice;

        switch (choice) {
            case 1:
                system.showStaffMenu();
                break;
            case 2:
                system.showCustomerMenu();
                break;
            case 3:
                cout << "Exiting the system." << endl;
                break;
            default:
                cout << "Invalid choice. Please try again." << endl;
        }
    } while (choice != 3);

    return 0;
}


[bookmark: _Toc155789596]NetaCad C++ Course
Alongside our coursework and assignment, we were tasked with completing a NetaCad course. This proved to be a very useful course in advancing my basic level of C++ and provided some useful techniques to be used in class and in my assignment. Ultimately, I did not find enough time to finish the course, but I did complete the course to ~75% completion. See screenshots below:
[image: ]
[image: ]
[bookmark: _Toc155789597]YouTube Video of Program in action
I have included a brief YouTube video of my program in action as well as a sort look over the code base.
https://youtu.be/wswul1WK5pw
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