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For this assignment I have created a car rental application. The application includes a ‘car’ class that represents the cars and keeps information about each one, including its brand, model, year and price. The available cars are stored in a vector of ‘Mileage’ objects and can be accessed through a menu. Additionally a class for representing users is included, this class records each user’s login and password. Users must log in with a valid username and password to view available cars and rent them. Functions for adding new users and verifying login attempts' credentials are also included to help secure the system. The application asks the user how many days they wish to rent the car for and then calculates and displays the price that the user must pay.
I believe my application provides a clear interface for users, and for those reviewing my code as I have included comments which provide clarity and documentation. 

In this report I will be providing evidence of testing my application and what I have done to fix bugs during development. I will then discuss the importance of OOP and illustrate the main concepts with examples from the code that I have written. 

Additionally, a link to a demo video of my application will be provided, and evidence of ‘Cisco – C++ essentials’ Certificate of Completion. 

To access my application, here are the registered users:
- User 1
Username: tirion
Password: test
- User 2
Username: jane
Password: test1
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A table of tests to confirm the application is working as expected:

	
Testing

	
Outcome
	
Screenshots

	Log in to the system using invalid login details

	As expected, you are unable to access the system if the login details are invalid. The system prompts the user to re-enter their details
	[image: ]

	Log in to the system using valid login details
	As expected, the user can access the system when they enter valid login details
	[image: ]

	Select ‘1’ from the main menu to view the full list of cars
	As expected, a full list of cars from the ‘Car’ class is displayed. This includes vital information such as their brand, make, year, price 

This test also confirms that the additional attribute, ‘mileage’, which is specific to the ‘Mileage’ child class is displayed

Additionally, the menu options are displayed at the bottom so the user has the option to access other functionality in the application


	[image: ]

	Enter an option from the main menu to leave the car catalogue page
	As expected, the user is able to view other functionality when entering a different option from the menu
	[image: ]

	Enter ‘2’ to select a car to rent
	As expected, a list of cars is displayed. The user is instructed to enter the number of the car they wish to rent
	[image: ]

	When selecting a car to rent - enter an invalid number e.g. ‘7’
	As expected, the user is informed that their entry is invalid. 
(Ideally, the system would automatically display the list again for the user to enter a valid car number. I have not included this in the code, so instead I have asked the user to sign back in)
	[image: ]

	Log back in using valid details
	As expected, the user is successfully logged back in and is able to use all functionality
	[image: ]

	Enter ‘2’ to view the cars > enter a valid number e.g. ‘5’ > enter a number e.g. ‘5’ 
	As expected, the application displays how many days the user has requested the car for, with the car brand and model details, and has calculated and displayed the total cost
The user has been informed to contact the rental service to pay the bill and an option to log out is displayed
	[image: ]

	Enter ‘3’ to log out
	As expected, the application displays “You have successfully logged out. We hope to see you again.”
By displaying the menu at the bottom, the user has the option to continue using the system
	[image: ]

	Enter ‘4’ to read about the company
	As expected, text about the company is displayed
	[image: ]

	Enter an invalid number from the main menu options
	As expected, “You have entered an invalid entry. Please try again.” Is displayed, with the menu options displayed below
	[image: ]












A table for bugs found during testing:
	
Testing

	
Screenshots

	A pound sign was used to go in front of the car’s prices, however, ú was displayed instead. I tried using a character escape sequence, such as ‘\u00A3’, however,  ￂﾣ was then displayed.
Therefore a dollar sign is used throughout the application.
	[image: ][image: ]

	When a user entered an option from the menu, and then entered ‘3’ to return to the menu, the program terminated when they selected a new option. In order to fix this, the code displayed in screenshot 1 was replaced with the code in screenshot 2.
This new code creates a loop that keeps displaying the menu, allowing the user to select an option.
The only issue with this is that once the user logs out, ‘Log out’ is still displayed as one of the menu options. However, I don’t think this has much impact on the application.
	[image: Text

Description automatically generated][image: Text

Description automatically generated][image: Text

Description automatically generated]

	When the user entered invalid login details, they would be informed but the program would terminate. The ‘main()’ function has been included to allow the user to re-enter their details. 
	[image: ]

	Initially a single operator (‘=’) was implemented instead of a double operator (‘==’). This resulted in a compilation error. The application ran as expected once it was changed to a double operator.
	[image: ][image: ]

	Note: the following bug has not been fixed but to prevent the bug from appearing, the user has been given updated, clearer instructions.   
 If the user enters a character when entering how many days they wish to rent the car for (or when selecting a car), an infinite loop is displayed.
	[image: ]
Text displayed to user before modification: 
[image: ]After modification: 
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Grouping related variables together allows for structuring information and was essential to advancing beyond the use of primitive data types and ushering in the birth of larger and more complex programs. An object, unlike a structure, is a group of related variables which can also define a function within itself. 
Object Oriented Programming (OOP) has an advantage over procedural programming as you don’t need to modify existing code when you want to add new objects or features [1]. It allows us to write organised code that can be broken up into independent objects which can be utilised and reused throughout the programme.
As a result, writing, maintaining, and debugging code is much easier since you can focus on the individual components and how they work together. It gives you the ability to modify the code of a single object without having an impact on the rest of the programme.
The main concepts of OOP include inheritance, abstraction, encapsulation, and polymorphism. These concepts will be discussed in greater detail below, including how they have been applied in the application’s code. 
[image: Diagram
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Figure 1. “Principles of OOP” [2] 



Encapsulation
Encapsulating data is essentially a method compartmentalising an object by restricting access to the entire contents of an object. Classes of data should not interact with other classes - they should interact through methods; this is important because data needs to be accessed from an object but being able to access all the data, data functions and methods gives the programmer less control of their data. Additionally, the accessing of unnecessary data within an object when retrieving necessary data can make it more likely to overrun and place a program in an unwanted state.

Encapsulation in implemented in the code by designating the data elements in the Car, User and Mileage classes as private. As a result, they are concealed from other sections of the code and are only accessible by using the class’s member functions.  
Additionally, the classes have getter functions that enable other areas of the code to access the contents of the private member variables of the class (e.g. ‘getBrand’).  
By using encapsulation, the code is more secure as the use of data and methods can be controlled.  

Abstraction

Similar to the idea of encapsulation, abstraction is a method of restricting access. However, with abstraction, the main focus is to simplify the interface. As programs become larger and more complex, data needs to be grouped an separated out in a more defined manner. Similarly, the ways these groups of data interface and interact with one another needs to be managed. Without attention to abstraction, changes in one class could interfere with another class and cause a cascade effect. Creating and setting an interface for different classes to interact allows each piece of the program to be developed separately. It hides the details of implementation and only displays essential information to the user. Abstraction makes it easier to maintain and update the code as programs get larger. 

Abstraction is used in the code by using the following functions:
- ‘displayInfo’: this function is included in the Car class. It displays important details about the car e.g. the brand, model, year and price. The details of how the information is saved/retrieved are concealed from the user of the class.
- ‘checkCredientials’: this checks if the entered login details match with a user already registered, whilst concealing the details of how the users are stored and retrieved.
- ‘menu’: this displays the menu options for the user to choose from, whilst concealing the menu implementation. 
Additionally, the ‘Mileage’ class which is derived from the parent ‘Car’ class adds a new ‘mileage’ attribute, whilst concealing the ‘Car’ class’s details.

Polymorphism

Polymorphism allows objects of different classes to be treated in the same way. Normally, this is done by defining a common specification for the objects and using a parent class reference to refer objects of different classes. 

Polymorphism is used by using the 'displayInfo' function. 'displayInfo' is first defined as virtual in the 'Car' class and then as an override in the derived ‘Mileage’ class. It allows the data to be used in more than one way e.g. when the function's used in the ‘Car’ class, it will implement the code defined in the ‘Car’ class’s version (e.g. it displays information about the car such as its brand, model, year and price). Whereas, when it’s used in the ‘Mileage’ class, it will implement the code defined in the ‘Mileage’ class, which additionally displays the car’s mileage.

Inheritance 

"The main idea of inheritance is creating new classes, reusing the properties of the existing base class. The mechanism of deriving a new class (Child/Derived Class) from an Existing class (Base/Parent Class) is called inheritance. [3]" As inheritance allows us to reuse code, the amount of code can be reduced, which in turn helps the system run faster as less memory is required.
To include inheritance, the following code has been implemented: ‘class Mileage : public Car’, this allows the ‘Mileage’ class to access all of the ‘Car’ class’s members. A new variable specific to the ‘Mileage’ class is added, ‘mileage’, as well as 'void displayInfo() const override’ which displays the mileage of this object.
By using inheritance, the code of existing classes can be reused in new classes, this therefore “eliminates redundant code and extends the use of existing classes” [4]. 
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Here is a link to the video of me demonstrating my application: 
https://www.youtube.com/watch?v=s8Ua2bgro3g 
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PDF evidence of Certificate of Completion:
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Understanding of topic 
I’ve gained a greater understanding on OOP’s main concepts. Prior to this assignment, I didn’t realise the importance of OOP, I now appreciate that in order for programs to evolve and become more complex OOP is fundamental because it allows for flexibility and reusability. 

Ways to improve my application 
To improve my application, I would focus on adding more functionality e.g. allow administrators to add and remove cars. Additionally, I would fix the bug that displays an infinite loop when the user enters a special character in fields which only accept numbers. 
However, overall, I am happy with my application and believe it demonstrates the main OOP concepts. 

Future work
For future work, I would like to create a similar application but for a book shop and include more functionality and data.
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#include <iostream>
#include <string>
#include <vector>

using namespace std;

class Car { // This class represents the cars. It stores the brand, model etc as private variables
private:
    string brand;
    string model;
    int year;
    int price;

public:
    Car(string brand, string model, int year, int price) : brand(brand), model(model), year(year), price(price) {}
    // The following getter functions get the values of the private variables of the car class
    string getBrand() const { return brand; }
    string getModel() const { return model; }
    int getYear() const { return year; }
    int getPrice() const { return price; }

    virtual void displayInfo() const {
        cout << "- " << brand << endl;
        cout << "Model: " << model << endl;
        cout << "Year: " << year << endl;
        cout << "Price per day: " << price << endl;
    }
};

class Mileage : public Car { // This child class inherits from the Car class
private:
    int mileage;
public:
    Mileage(string brand, string model, int year, int price, int mileage) : Car(brand, model, year, price), mileage(mileage) {}
    int getMileage() const { return mileage; }

    void displayInfo() const override {
        Car::displayInfo();
        cout << "Mileage: " << mileage << endl;
    }
};


class User {    // This 'User' class represents two users w a username and password
private:     // The username and password are stored as private variables
    string username;
    string password;

public:
    User(const string& username, const string& password) : username(username), password(password) {}
    // This reutrns the user's private variables
    string getUsername() const { return username; }
    string getPassword() const { return password; }
};

class Users { // This class represents the users 
private:
    vector<User> users;  // The users are stored in a vector

public:
    void addUser(const User& user) {   // Adds new user
        users.push_back(user);
    }

    bool checkCredentials(const string& username, const string& password) const {     // This function checks if the entered username/password match with one already registered
        for (const auto& user : users) {
            if (user.getUsername() == username && user.getPassword() == password) {
                return true;    //the function returns true if the entered username/password matches with one already registered
            }
        }
        return false;   // If the entered username/password does not match with one registered, false is returned
    }
};


void menu() {     // Display the menu
    cout << "Enter 1 to view our cars\nEnter 2 to rent a car\nEnter 3 to log out\nEnter 4 to read about us" << endl;
}


int main() { // User must enter valid login details in order to view the menu
    cout << "Welcome to Tirion's Car Rental!\n";
    cout << "\nEnter your username: ";
    string username;
    cin >> username;

    cout << "Enter your password: ";
    string password;
    cin >> password;

    Users users;   // Create users
    users.addUser(User("tirion", "test"));      // This function lets me add new users - I have added two
    users.addUser(User("jane", "test1"));

    if (users.checkCredentials(username, password)) {     // If the username/password is valid, cars are added to the carCatolog using the emplace_back function
        vector<Mileage> carCatalog;
        carCatalog.emplace_back("VW", "Golf", 2013, 125, 135000);
        carCatalog.emplace_back("Alfa Romeo", "Duetto", 1966, 200, 50670);
        carCatalog.emplace_back("Mini", "Cooper", 2020, 99, 10200);
        carCatalog.emplace_back("Ford", "Puma", 2021, 99, 35700);
        carCatalog.emplace_back("VW", "Polo", 2021, 110, 40500);
        system("cls");

        bool logout = false;  // This checks whether the user wants to log out

        while (!logout) {            // The loop continues providing 'logout' is false
            menu();  // Display the menu

            int selection; // Variable to store the user's selection 
            cin >> selection;

            switch (selection) {
            case 1:
                system("cls");
                cout << "Here is our car catolog:\n " << endl;
                for (const auto& car : carCatalog) {             // This loop displays the car's year, brand, model, and price while iterating over the carCatlog vector
                    car.displayInfo();
                    cout << endl;
                }

                break;
            case 2:  // Display list of available cars and ask user to select one
                system("cls"); // Clear screen
                cout << "Enter the number of the car that you wish to rent:\n" << endl;
                for (size_t i = 0; i < carCatalog.size(); i++) {
                    cout << i + 1 << ") " << carCatalog[i].getBrand() << " " << carCatalog[i].getModel() << endl;
                }
                int carSelection;    // Variable to store the car the user selected
                cin >> carSelection;
                if (carSelection < 1 || carSelection > carCatalog.size()) {    //Verify the user has entered a valid number
                    system("cls");
                    cout << "You have entered an invalid entry. Please sign back in to try again." << endl;
                    main();
                }
                else {
                    system("cls"); // Clear screen
                    int numDays;
                    cout << "Please enter the number of days you wish to rent the car for:" << endl; // Ask the user how many days they wish to rent the car for
                    cin >> numDays; // Store the user's input as numDays
                    system("cls");
                    cout << "Thanks. \nYou have requested the " << carCatalog[carSelection - 1].getBrand() << " " << carCatalog[carSelection - 1].getModel() << " for " << numDays << " days." << endl;
                    cout << "You owe $" << numDays * carCatalog[carSelection - 1].getPrice() << ". Please contact us to pay the bill.\n\n" << endl;   // This calculates the cost by multiplying the number of days by the price per day
                }
                break;
            case 3:
                system("cls"); // Clear screen
                cout << "You have successfully logged out.\nWe hope to see you again.\n\n" << endl;
                break;
            default:
                system("cls"); // Clear screen
                cout << "You have entered an invalid entry. Please try again.\n" << endl;    // Display this message if user enters invalid number
                break;
            case 4:
                system("cls");
                cout << "About us\n\nWe are family owned company that have been operating since 1990.\n\nOnce you have selected the car you wish you wish to rent, please contact us on 029293923023 and we will arrange a pickup/drop off time.\n\nBy using our service, you agree to our Terms and conditions.\n" << endl;
                break;
            }
        }
    }
    else {    // The user has entered invalid login details
        system("cls");
        cout << "You have entered invalid details. Try again" << endl; // Display this  if the user's details do not match with those already registered
        main(); // This allows the user to re-enter their details
    }

    return 0;
}
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