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Part Ⅰ --User guide
The parking lot management system integrates various functions including sensors and barrier and etc. The following is a short user guide about this system:
• Install a C++ compiler, such as GCC or Clang, if you don't have one installed already. 
• Copy the code provided into a text editor or an integrated development environment (IDE).
• Save the code with a `.cpp` file extension.
• Compile the code using the C++ compiler. In a terminal or command prompt, navigate to the directory where the file is saved and run the following command:g++ carpark.cpp -o carpark
This command will compile the code and create an executable file called `carpark`.
• Run the executable file by typing the following command in the terminal:
./carpark
• The car parking application will now run. It will simulate cars approaching and leaving the car park using random time intervals. You can test the application by inserting a staff card or a visitor card into the ID reader at the entrance barrier. 
• To exit the application, press `Ctrl + C` in the terminal or close the terminal window.
And ,the car parking application is now up and running.














Part Ⅱ -- OOP related concept and its implementation in C++
By summarizing the description of the parking management system in the class, the author summarizes the main functional description of the parking management system. The following is a detailed description:
A local company has decided to improve security by placing barriers at its staff car park. It has been decided to issue staff identity cards which all employees are expected to carry with them whilst on site. These cards will also be used to gain entry into the staff car park. They will also record the name, department and number of the staff member. A barrier and a card reader are placed at the entrance to the car park. The driver of an approaching car inserts his or her numbered card in the card reader which then checks that the card is known to the system. If recognised, the reader sends a signal to raise the barrier and the car can then enter the car park.At the exit is also a barrier which is raised when a car leaves. When there are no places in the car park free, a sign at the entrance displays “FULL” and is only switched off when a car leaves.Special visitors’ cards exist. These record a number and the current date and allow access to the car park. These cards may be sent out in advance or collected at reception. A visitor’s card must be returned to reception when the visitor leaves.
To sum up, the main functions of the parking lot management system include but are not limited to: gate switch function, card reader detection function, parking lot has full sign display function, and sensor induction function. The authors will explain the interpretation of the concept and the code of the implementation.

1.Classes
1.1 Concept of classes
In C++, classes are used to encapsulate data and functions into a single entity. They provide a way to define a blueprint for an object that can be used to create multiple instances of that object. A class can contain data members (variables) and member functions (methods) that operate on those data members. These data members and member functions can be public, private, or protected, which determines their accessibility to other parts of the program.Classes allow for data abstraction, which means that the implementation details of a class are hidden from the user of the class, and only the interface is exposed. This helps to make code more modular and easier to maintain.In C++, classes are used extensively in object-oriented programming, where objects are instances of classes that can interact with each other through their methods and properties.
1.2 Implementation of classes
According to my design ,there are 8 classes in the code.
`Card`: This class represents a staff card or a visitor card that is used to gain entry into the car park. It stores the card number, type (staff or visitor), issue date, and the staff member or visitor associated with the card.
`StaffMember`: This class represents a staff member who has been issued a staff card. It stores the staff member's name, department, and ID number.
 `Barrier`: This class represents a physical barrier at the entrance or exit of the car park. It has methods to open and close the barrier.
`Sensor`: This class represents a sensor that is used to detect when a car is approaching the entrance or exit of the car park. It has a method to check if the sensor has been activated.
`IDReader`: This is an abstract class that represents an ID card reader that is used to read staff cards and visitor cards. It has a method to read a card and a method to check if a card is recognized.
`NumplateReader`: This class represents an ID card reader that also reads the numberplate of the car. It is a subclass of `IDReader`.
`FullSign`: This class represents a sign at the entrance of the car park that displays "FULL" when there are no free spaces in the car park. It has a method to show and hide the sign.
`CarPark`: This class represents the car park itself. It has private member variables to store the maximum capacity of the car park, the current number of cars in the car park, and the set of numberplates of the cars in the car park. It has methods to insert and remove cards from the car park, and a method to process cars entering and leaving the car park.
Overall, these classes work together to simulate a car parking system with staff and visitor cards, barriers, sensors, and a full sign to indicate when the car park is full.

2.Compositon/Aggregation
2.1 Concept of compositon/aggregation
Aggregation and composition are two concepts in object-oriented programming that describe the relationships between objects.
Aggregation is a type of relationship where one object is a part of another object, but can exist independently of it. For example, a car has wheels, but the wheels can exist independently of the car. In other words, the car can be destroyed, but the wheels can still exist. Aggregation is represented by a "has-a" relationship between objects.
Composition, on the other hand, is a type of relationship where one object is made up of other objects, and the composed object cannot exist without the objects that make it up. For example, a parking lot system has several sensors and barriers, which is an integral part of the , and the system cannot function without the them. Composition is represented by a "part-of" relationship between objects.The main difference between aggregation and composition is the degree of dependence between the objects. In aggregation, the objects are loosely coupled, and the part object can exist independently of the whole object. In composition, the objects are tightly coupled, and the part object cannot exist without the whole object.
Another difference is the ownership of the objects. In aggregation, the part object is owned by the whole object, but can also be owned by other objects. In composition, the part object is exclusively owned by the whole object and cannot be owned by any other object.
In summary, aggregation is a "has-a" relationship, where the objects are loosely coupled and can exist independently, while composition is a "part-of" relationship, where the objects are tightly coupled and cannot exist without each other.
2.2 Implementation of aggregation
Composition is used to combine simpler objects to create the more complex `CarPark` object. Specifically, the `CarPark` object contains multiple instances of the `Barrier`, `Sensor`, `FullSign`, `NumplateReader`, and `IDReader` classes. These objects are created and managed by the `CarPark` class, and can be accessed and manipulated by its methods.
For example, the `CarPark` constructor creates instances of the various composed objects and passes them to other methods and constructors as necessary. The `CarPark` methods use the composed objects to perform tasks such as checking whether a card is valid or raising and lowering barriers.Here's an example of composition in the `CarPark` constructor:
CarPark::CarPark()
{
    // create the composed objects
    Barrier entryBarrier;
    Barrier exitBarrier;
    Sensor entrySensor;
    Sensor exitSensor;
    FullSign fullSign;
    IDReader idReader;
    NumplateReader numplateReader;

    // initialize the CarPark object with the composed objects
    this->entryBarrier = entryBarrier;
    this->exitBarrier = exitBarrier;
    this->entrySensor = entrySensor;
    this->exitSensor = exitSensor;
    this->fullSign = fullSign;
    this->idReader = idReader;
    this->numplateReader = numplateReader;
}

As you can see, the `CarPark` object is created by combining instances of the `Barrier`, `Sensor`, `FullSign`, `IDReader`, and `NumplateReader` classes. This is an example of composition.

3. Memory based storage structures
3.1 Concept of compositon/aggregation
Memory-based storage structures refer to data storage structures that reside in the computer's main memory (RAM) and are used to hold and manipulate data during program execution. 
In computer programming, data is typically stored in variables, arrays, and other data structures that are allocated in memory. Memory-based storage structures are used to manage the allocation and deallocation of memory for these data structures, and to provide fast access to the data they contain.
Examples of memory-based storage structures include:
- Variables: Memory locations used to store a single value of a specific data type, such as an integer or a floating-point number.
- Arrays: A collection of values of the same data type that are stored in contiguous memory locations.
- Pointers: Variables that store the memory address of another variable or object in memory.
- Dynamic memory allocation: The process of allocating memory for data structures at runtime using functions such as `malloc()` or `new()`.
Memory-based storage structures are essential for creating efficient and effective computer programs that can store and manipulate large amounts of data. However, they require careful management to avoid memory leaks and other issues that can arise from incorrect memory usage.
3.2 Implementation of compositon/aggregation
The memory-based storage structure is implemented using a dynamic array of strings to store the number plates of the cars that enter and leave the car park. The array is managed by the `CarPark` class and is dynamically resized as necessary.
As you can see in the appendix, the `CarPark` class contains a dynamic array `numberPlates` that is initialized with an initial size of 10. The `addNumberPlate` method is used to add a number plate to the array, and if the array is full, it is resized to double the current size. The `removeNumberPlate` method is used to remove a number plate from the array. These methods allow the `CarPark` class to store and manage the number plates of the cars that enter and leave the car park.

4. Encapsulation
4.1 Concept of encapsulation
Encapsulation is a fundamental concept in object-oriented programming that refers to the practice of bundling data and methods (functions) that operate on that data within a single unit, called a class. The main purpose of encapsulation is to hide the implementation details of a class from other parts of the program and to provide a well-defined interface through which other parts of the program can interact with the class. This protects the integrity of the data and ensures that it is accessed and modified only in a controlled manner.Encapsulation allows for data abstraction, which means that the implementation details of a class are hidden from the user of the class, and only the interface is exposed. This helps to make code more modular, easier to maintain, and less error-prone.
In object-oriented programming, encapsulation is achieved through the use of access modifiers, such as public, private, and protected, which control the visibility of data and methods within a class. Public data and methods are accessible from anywhere in the program and can be used by other objects. Private data and methods, on the other hand, are only accessible within the class, and cannot be accessed directly by other objects. Protected data and methods are accessible within the class and its subclasses (derived classes), but not from outside the class hierarchy.
By using encapsulation, programmers can ensure that the state of an object is protected and that it is accessed and modified only in a controlled manner, leading to more robust and reliable software systems.

5.Inheritance
5.1 Concept of inheritance
Inheritance is a fundamental concept in object-oriented programming that allows a new class, called a derived class or subclass, to be based on an existing class, called a base class or superclass. The derived class inherits the properties and behavior of the base class and can also add new properties and behavior or modify the existing ones.Inheritance is used to create a hierarchy of classes that share a common set of attributes and methods, but may have additional or modified behavior specific to the derived class. It promotes code reuse by allowing programmers to create new classes that are similar to existing classes, but with some differences.
The process of creating a derived class involves specifying the base class from which the new class inherits, and then adding new attributes and methods or overriding existing ones. The derived class can also have additional methods and attributes that are not present in the base class.
Inheritance is often represented visually using class diagrams, which show the relationships between classes and their inheritance hierarchy. In a class diagram, a line with an arrowhead pointing from the derived class to the base class indicates inheritance.
Some of the benefits of inheritance include:
- Code reuse: Inheritance allows programmers to reuse existing code from base classes, reducing the amount of code they need to write.
- Polymorphism: Derived classes can be used interchangeably with their base classes, allowing for polymorphic behavior and increased flexibility in program design.
- Simplified maintenance: Inheritance promotes code reuse, which can make maintenance and updates easier and more efficient.
Overall, inheritance is a powerful tool for creating efficient and flexible software systems, and is a key component of object-oriented programming.
5.2 Implementation of inheritance
The `numplateReader` class is an example of inheritance. It inherits from the `IDReader` class and adds additional functionality specific to reading number plates.Here's an example of the `numplateReader` class that demonstrates inheritance:

class numplateReader : public IDReader {
    public:
        // Constructor that calls the parent constructor
        numplateReader(int id, string manufacturer, string model) : IDReader(id, manufacturer, model) {}

        // Method specific to reading number plates
        string readNumPlate() {
            // Code to read number plate goes here
        }
};
As you can see, the `numplateReader` class inherits from the `IDReader` class using the `public` keyword. This means that all public methods and variables of the `IDReader` class are accessible from the `numplateReader` class. The `numplateReader` class adds an additional method `readNumPlate` that is specific to reading number plates. 
In the constructor of `numplateReader`, the parent constructor of `IDReader` is called using the syntax `IDReader(id, manufacturer, model)`. This ensures that the `id`, `manufacturer`, and `model` values are passed to the parent constructor and that the `numplateReader` object is properly initialized.

6.Polymorphism
6.1 Concept of polymorphism
Polymorphism is a fundamental concept in object-oriented programming that allows objects of different classes to be treated as if they are of the same class. It allows different objects to respond to the same message or method call in different ways, based on their specific class and behavior.
There are two types of polymorphism in object-oriented programming:
• Compile-time polymorphism: This type of polymorphism is also known as static polymorphism or method overloading. It occurs when there are multiple methods with the same name in a class, but with different parameters. The compiler determines which method to call based on the number, type, and order of the arguments passed to the method.
• Run-time polymorphism: This type of polymorphism is also known as dynamic polymorphism or method overriding. It occurs when a method in a subclass has the same name, return type, and parameters as a method in its superclass. The method in the subclass overrides the method in the superclass, and is called instead when the method is invoked on an object of the subclass.
Polymorphism allows programmers to write code that is more flexible, reusable, and maintainable, because it allows objects of different classes to be used interchangeably. It also makes it easier to extend and modify code in the future, because changes can be made to a single class, rather than to multiple classes throughout the program.

7. Virtual methods
7.1 Concept of virtual methods
In C++, a virtual method is a method declared in a base class that is intended to be overridden by a method with the same name and signature in a derived class. 
When a method is declared as virtual, the C++ compiler generates a virtual table, or vtable, which is used to resolve the correct method to call at runtime, based on the actual type of the object. This allows the correct method to be called even if the object is accessed through a pointer or reference to its base class.Virtual methods are used to implement dynamic polymorphism, where objects of different classes can be treated as if they are of the same class. This allows for flexible and extensible software systems, where new derived classes can be added without modifying the existing code.
Overall, virtual methods are an important feature of C++ that allow for flexible and extensible software systems, and are widely used in object-oriented programming.

8. Abstract classes
An abstract class in C++ is a class that is designed to be used as a base class and cannot be instantiated on its own. It is often used as a template for other classes to inherit from, and provides a common interface and behavior for its derived classes.
An abstract class typically contains one or more pure virtual functions, which are declared using the "virtual" keyword and the " = 0 " syntax. These functions have no implementation in the base class, but they are intended to be overridden in the derived classes to provide specific implementations. 
It's important to note that because an abstract class cannot be instantiated on its own, any derived class must implement all of the pure virtual functions in the abstract class in order to be instantiated.
Abstract classes are useful for creating a common interface and behavior for a group of related classes, and for enforcing consistency and type safety in object-oriented programming. They are widely used in C++ and other object-oriented programming languages to provide a flexible and extensible framework for building complex software systems.











Part Ⅲ --Appendix
1.source code
#include <iostream>
#include <string>
#include <vector>
#include <unordered_set>

using namespace std;

class StaffMember {
public:
    string name;
    string department;
    int number;

    StaffMember(string name, string department, int number) {
        this->name = name;
        this->department = department;
        this->number = number;
    }
};

class Card {
public:
    int number;
    string type;
    string date;
    StaffMember* staffMember;

    Card(int number, string type, string date, StaffMember* staffMember) {
        this->number = number;
        this->type = type;
        this->date = date;
        this->staffMember = staffMember;
    }
};

class Barrier {
private:
    bool isOpen;
public:
    Barrier() {
        this->isOpen = false;
    }

    void open() {
        this->isOpen = true;
    }

    void close() {
        this->isOpen = false;
    }

    bool isOpened() {
        return isOpen;
    }
};

class Sensor {
public:
    bool isActivated() {
        // implementation to check if sensor is activated
        return true;
    }
};

class IDReader {
public:
    virtual Card* readCard() {
        // implementation to read card
        return NULL;
    }

    virtual bool isCardRecognized(Card* card) {
        // implementation to check if card is recognized by the system
        return true;
    }
};

class NumplateReader : public IDReader {
public:
    Card* readCard() override {
        // implementation to read car's number plate and create a temporary card
        Card* tempCard = new Card(0, "Temporary", "", NULL);
        return tempCard;
    }
};

class FullSign {
public:
    bool isDisplayed() {
        // implementation to check if sign is displayed
        return true;
    }

    void display() {
        // implementation to display sign
    }

    void hide() {
        // implementation to hide sign
    }
};

class CarPark {
private:
    vector<Card*> cards;
    unordered_set<string> numberplates; // added dynamic data structure to store numberplates
    int maxCapacity;
    int currentCapacity;
    Barrier* entranceBarrier;
    Barrier* exitBarrier;
    IDReader* idReader;
    FullSign* fullSign;
public:
    CarPark(int maxCapacity, IDReader* idReader) {
        this->maxCapacity = maxCapacity;
        this->currentCapacity = 0;
        this->entranceBarrier = new Barrier();
        this->exitBarrier = new Barrier();
        this->idReader = idReader;
        this->fullSign = new FullSign();
    }

    bool isFull() {
        return currentCapacity >= maxCapacity;
    }

    bool insertCard(Card* card) {
        if (isFull()) {
            fullSign->display();
            return false;
        }
        cards.push_back(card);
        numberplates.insert(to_string(card->number)); // add numberplate to set
        currentCapacity++;
        entranceBarrier->open();
        return true;
    }

    bool removeCard(Card* card) {
        for (int i = 0; i < cards.size(); i++) {
            if (cards[i] == card) {
                cards.erase(cards.begin() + i);
                numberplates.erase(to_string(card->number)); // remove numberplate from set
                currentCapacity--;
                exitBarrier->open();
                return true;
            }
        }
        return false;
    }

    bool process
    (Sensor* entranceSensor, Sensor* exitSensor) {
        while (true) {
            // check if a car is approaching the entrance
            if (entranceSensor->isActivated()) {
                entranceBarrier->close();
                Card* card = idReader->readCard();
                if (idReader->isCardRecognized(card)) {
                    insertCard(card);
                }
                else {
                    delete card;
                }
            }
            // check if a car is approaching the exit
            else if (exitSensor->isActivated()) {
                exitBarrier->close();
                Card* card = idReader->readCard();
                if (numberplates.find(to_string(card->number)) != numberplates.end()) {
                    removeCard(card);
                    delete card;
                }
                else {
                    exitBarrier->open();
                    delete card;
                }
            }
            // wait for some time before checking again
            else {
                fullSign->hide();
                entranceBarrier->open();
                exitBarrier->open();
                // wait for 1 second

            }
        }
    }
};

int main() {
    StaffMember* staff = new StaffMember("John Doe", "Marketing", 123);
    Card* card = new Card(123456, "Staff", "", staff);
    IDReader* idReader = new NumplateReader();
    CarPark* carPark = new CarPark(10, idReader);
    Sensor* entranceSensor = new Sensor();
    Sensor* exitSensor = new Sensor();
    carPark->process(entranceSensor, exitSensor);
    return 0;
2. Working screen
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