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Introduction

In this report, we will analyze.Abstract Classes, Composition and Aggregation, Inheritance, Polymorphism, Virtual Methods and Storage Structures, as outlined by the literature to be used in the design and implementation of your OO Car Park solution.  Demonstrate, using appropriate code snippets (from your application), how your application adheres to these best practice recommendations.  Describe each class’ attributes and methods, including their relationships with other classes in your solution. Explain the difference between static memory allocation and dynamic memory allocation in the context of C++ data structures.

Object-Oriented Programming (OOP) is a kind of programming paradigm. The main idea is to map objects and things in the real world to computer programs, so as to better describe and solve problems. OOP is based on three basic concepts: encapsulation, inheritance, and polymorphism.


The Parking Lot Management System is a program that simulates a parking lot and allows the user to park and retrieve cars. The program uses two types of ID readers - Barcode Reader and Plate Reader - to read the ID information of the cars. It also includes a Barrier class that simulates the barrier at the entrance/exit of the parking lot. This report will discuss the implementation of the program and its functionality.



Code Explanation

The program starts by declaring the necessary headers and namespaces. Then, the IDReader abstract class is declared, which has a pure virtual function named readID(). 

class IDReader {
public:
	virtual string readID() = 0;
};

The BarcodeReader and PlateReader classes inherit from the IDReader class and override the readID() function to simulate the barcode and license plate readers' functionality.

class BarcodeReader : public IDReader {
public:
	virtual string readID() {
				string id;
		cout << "Please enter barcode ID: ";
		cin >> id;
		return id;
	}
};

class PlateReader : public IDReader {
public:
	virtual string readID() {
		
		string id;
		cout << "Please enter license plate ID: ";
		cin >> id;
		return id;
	}
};

Next, the ParkingLot class is declared, which has a private capacity variable and an unordered_map that stores the parked cars' IDs and their corresponding parking spot numbers. The class also has a pointer to the IDReader class, which can be either a BarcodeReader or a PlateReader object. The ParkingLot class has three member functions - parkCar(), retrieveCar(), and displayParkedCars().
class ParkingLot {
private:
	int capacity; // Bala Boitsebiso ba Karete ea ID
	unordered_map<string, int> parkedCars; // Bala Boitsebiso ba Karete ea ID
	IDReader* idReader; // Bala Boitsebiso ba Karete ea ID
public:
	ParkingLot() {}
	ParkingLot(int cap, IDReader* reader) : capacity(cap), idReader(reader) {}
	//~ParkingLot() {
	//	delete idReader;
	//}

	bool parkCar()

	bool retrieveCar()

	void displayParkedCars()


The parkCar() function first reads the ID information using the idReader object, and then checks if the parking lot is full or if the car is already parked in the lot. If the parking lot is not full, and the car is not already parked, it assigns a parking spot to the car and records the information in the parkedCars map.

bool parkCar() {
		string id = idReader->readID(); // Bala Boitsebiso ba Karete ea ID
		if (parkedCars.size() >= capacity) { // Bala Boitsebiso ba Karete ea ID
			cout << "Parking lot is full!" << endl;
			return false;
		}
		if (parkedCars.count(id) > 0) { // Bala Boitsebiso ba Karete ea ID
			cout << "This car is already parked in the parking lot." << endl;
			return false;
		}
		int parkingSpot = parkedCars.size() + 1; // Bala Boitsebiso ba Karete ea ID
		parkedCars[id] = parkingSpot; // Bala Boitsebiso ba Karete ea ID
		cout << "Car with ID " << id << " parked in spot " << parkingSpot << "." << endl;
		return true;
	}



The retrieveCar() function reads the ID information and checks if the car is parked in the lot. If the car is parked, it removes the information from the parkedCars map.

bool retrieveCar() {
		string id = idReader->readID(); // Bala Boitsebiso ba Karete ea ID
		if (parkedCars.count(id) == 0) { // Ha ho na koloi ea ho paka makoloi
			cout << "This car is not parked in the parking lot." << endl;
			return false;
		}
		int parkingSpot = parkedCars[id]; // Fumana boitsebiso ba sebaka sa ho paka makoloi
		parkedCars.erase(id); // Delete Vehicle Info Delete
		cout << "Car with ID " << id << " retrieved from spot " << parkingSpot << "." << endl;
		return true;
	}


The displayParkedCars() function simply displays the IDs of the cars parked in the lot.

void displayParkedCars() {
		cout << "The following cars are parked in the parking lot:" << endl;
		for (auto& car : parkedCars) {
			cout << "ID: " << car.first << ", Parking Spot: " << car.second << endl;
		}
	}
};


After declaring the classes, the program creates objects of the BarcodeReader and PlateReader classes and a Barrier object. The program prompts the user to enter 'b' to use the barcode reader or 'p' to use the plate reader. Based on the user input, the program assigns the appropriate IDReader object to the idReader pointer.

BarcodeReader barcodeReader;
	PlateReader plateReader;
	Barrier barrier;
	IDReader* idReader = &barcodeReader;


	cout << "1.Enter 'b' barcode ID" << endl;
	cout << "2.Enter 'p' license plate ID" << endl;
	cout << "default:barcodeReader:" << endl;
	char input;
	cin >> input;

	switch (input)
	{
	case 'b':
		idReader = &barcodeReader;
		break;
	case 'p':
		idReader = &plateReader;
		break;

	default:

		break;
	}
	ParkingLot parkingLot(3, idReader);

The program then creates a ParkingLot object and initializes it with a capacity of 3 and the selected IDReader object. The program then enters a while loop that prompts the user to enter 'p' to park a car, 'r' to retrieve a car, 'd' to display parked cars, or 'q' to quit. The program uses a switch statement to execute the appropriate function based on the user input. If the user enters 'q', the while loop breaks, and the program ends.


		while (true) {
			cout << "Enter 'p' to park a car, 'r' to retrieve a car, 'd' to display parked cars, or 'q' to quit: ";
			char command;
			cin >> command;

			switch (command) {
			case 'p':
				parkingLot.parkCar();
				barrier.raise();
				barrier.lower();
				cout << "--------------------------------------------"<<endl;
				break;
			case 'r':
				parkingLot.retrieveCar();
				barrier.raise();
				barrier.lower();
				cout << "--------------------------------------------" << endl;
			case 'd':
				parkingLot.displayParkedCars();
			case 'q':
				break;
			default:
				printf("Error");

			}
			if (command=='q')
			{
				break;
			}
	
		}

When the user enters 'p' to park a car, the program calls the parkCar() function and simulates raising and lowering the barrier. Similarly, when the user enters 'r' to retrieve a car, the program calls the retrieveCar() function and simulates raising and lowering the barrier. When the user enters 'd', the program calls the displayParkedCars() function to display the parked car information.

In order to better simulate the process of the car entering the parking lot, we can set a time limit for the lifting process of the pole. The revised code is shown below。We added it to the Barrier class
#include <chrono>
#include <thread>

class Barrier {
public:
    Barrier() {}
    void raise() {
        cout << "Barrier raising" << endl;
        std::this_thread::sleep_for(std::chrono::seconds(2)); // A two-second delay
        cout << "Barrier raised" << endl;
    }
    void lower() {
        cout << "Barrier lowering" << endl;
        std::this_thread::sleep_for(std::chrono::seconds(2)); // A two-second delay
        cout << "Barrier lowered" << endl;
    }
    ~Barrier() {}
private:
};

In the raise() and lower() methods, we use the std::this_thread::sleep_for() function to pause the current thread. It takes as an argument a timequantity that specifies the length of time for the thread to pause. In the code above, we pass std::chrono::seconds(2) as an argument, indicating that the thread is to pause for two seconds.

Thus, in the parkCar() and retrieveCar() methods, when the barrier.raise() and barrier.lower() methods are called, the program pauses for two seconds between the lift and drop rods, thus enabling the wait function.
Static memory allocation and dynamic memory allocation are two different ways in computer memory management.

Static memory allocation refers to the allocation of memory at compile time to variables that occupy the same memory space for the entire life of the program. In static memory allocation, the size and location of memory are determined at compile time, so static memory allocation is fast, but the allocated memory space cannot be changed, so there are some limitations.

Dynamic memory allocation means that memory is allocated dynamically while the program is running. Programs can dynamically request memory at runtime as required. This memory allocation method is flexible and can dynamically allocate memory according to actual needs. Therefore, it has more flexibility than static memory allocation. Dynamic memory allocation is done by calling library functions. For example, in C, you can use the malloc() function to allocate memory and the free() function to free memory.

Note memory leaks when using dynamic memory allocation. If the allocated memory is not released in time, memory leaks may occur, leading to memory waste and program running instability. In addition, dynamic memory allocation is slower than static memory allocation because memory needs to be allocated dynamically at run time, whereas static memory allocation is done at compile time and is therefore faster.

In general, static memory allocation applies when memory size and location are fixed, such as global variables and constants. Dynamic memory allocation is useful when memory size and location need to change dynamically, such as array size is unknown or elements need to be added dynamically.

There are some problems with the above code. PlateReader, BarcodeReader, and IDReader are all objects allocated on the stack, and if you need to create and destroy these objects frequently in your code, you can cause stack space overflow problems.
Here is the modified code
IDReader* idReader = new BarcodeReader(); //Memory is dynamically allocated and points toBarcodeReader

cout << "1.Enter 'b' barcode ID" << endl;
cout << "2.Enter 'p' license plate ID" << endl;
cout << "default:barcodeReader:" << endl;
char input;
cin >> input;

switch (input)
{
case 'b':
    delete idReader; //Frees previously dynamically allocated memory
    idReader = new BarcodeReader(); //Memory is dynamically allocated and pointed to the new oneBarcodeReader
    break;
case 'p':
    delete idReader; //Memory is dynamically allocated and pointed to the new one    idReader = new PlateReader(); //Dynamically allocates memory and points to the new PlateReader
    break;

default:
    break;
}

ParkingLot* parkingLot = new ParkingLot(3, idReader); //Parking Lots are dynamically allocated and initialized with the object pointed to by idReader

while (true) {
    cout << "Enter 'p' to park a car, 'r' to retrieve a car, 'd' to display parked cars, or 'q' to quit: ";
    char command;
    cin >> command;

    switch (command) {
    case 'p':
        parkingLot->parkCar();
        barrier.raise();
        barrier.lower();
        cout << "--------------------------------------------" << endl;
        break;
    case 'r':
        parkingLot->retrieveCar();
        barrier.raise();
        barrier.lower();
        cout << "--------------------------------------------" << endl;
        break;
    case 'd':
        parkingLot->displayParkedCars();
        break;
    case 'q':
        break;
    default:
        printf("Error");
    }

    if (command == 'q') {
        break;
    }
}

delete idReader; Frees dynamically allocated memory
delete parkingLot; Frees dynamically allocated memory。
The above code is still problematic. When we enter a parking lot, the normal logic is that if we choose to enter a parking lot, we choose how to enter it. Scan a bar code or a license plate. So we continue to modify our code:

Barrier barrier;
IDReader* idReader = nullptr;
ParkingLot* parkingLot = nullptr;

while (true) {

    cout << "Enter 'p' to park a car, 'r' to retrieve a car, 'd' to display parked cars, or 'q' to quit: ";
    char command;
    cin >> command;

    switch (command) {
    case 'p':
        cout << "Enter 'b' for barcode ID or 'l' for license plate ID: ";
        char idType;
        cin >> idType;

        if (idType == 'b') {
            idReader = new BarcodeReader();
        } else if (idType == 'l') {
            idReader = new PlateReader();
        } else {
            cout << "Invalid ID type" << endl;
            break;
        }

        parkingLot = new ParkingLot(3, idReader);

        parkingLot->parkCar();
        barrier.raise();
        barrier.lower();
        cout << "--------------------------------------------" << endl;
        break;

    case 'r':
        if (parkingLot) {
            parkingLot->retrieveCar();
            barrier.raise();
            barrier.lower();
            cout << "--------------------------------------------" << endl;
        } else {
            cout << "No car parked" << endl;
        }
        break;

    case 'd':
        if (parkingLot) {
            parkingLot->displayParkedCars();
        } else {
            cout << "No car parked" << endl;
        }
        break;

    case 'q':
        if (idReader) {
            delete idReader;
        }
        if (parkingLot) {
            delete parkingLot;
        }
        return 0;

    default:
        printf("Error");
    }
}

In the new code, IDReader objects and ParkingLot objects are created only when 'p' is entered and ID type is selected. This reduces resource waste and improves code efficiency. At the same time, when exiting the program, you also need to manually release dynamically allocated memory.

The above code creates the object through dynamic memory allocation. Compared to our first version of the code, dynamic memory allocation allows the program to dynamically allocate memory space for objects at run time, thus improving the flexibility and extensibility of the program. Doing so avoids some of the problems associated with static memory allocation, such as wasting memory space and being difficult to manage. At the same time, dynamic memory allocation can also solve some complex problems, such as the need to dynamically create objects during the running of a program.



















Conclusion:
The Parking Lot Management System program simulates a parking lot and allows the user to park and retrieve cars using either a barcode reader or a license plate reader. The program also includes a Barrier class that simulates the barrier at the entrance/exit of the parking lot. The program is easy to use and provides a simple way to manage a parking lot.
The complete code is attached below:

#include "pch.h"
#include <iostream>
#include <string>
#include <unordered_map>
using namespace std;
class IDReader {
public:
	virtual string readID() = 0;
};

class BarcodeReader : public IDReader {
public:
	virtual string readID() {
		// Simulate barcode reader reading
		string id;
		cout << "Please enter barcode ID: ";
		cin >> id;
		return id;
	}
};

class PlateReader : public IDReader {
public:
	virtual string readID() {
		// Simulated license plate reader reading
		string id;
		cout << "Please enter license plate ID: ";
		cin >> id;
		return id;
	}
};

class ParkingLot {
private:
	int capacity; 
	unordered_map<string, int> parkedCars;	IDReader* idReader; public:
	ParkingLot() {}
	ParkingLot(int cap, IDReader* reader) : capacity(cap), idReader(reader) {}
	bool parkCar() {
		string id = idReader->readID(); 
		if (parkedCars.size() >= capacity) { 
			cout << "Parking lot is full!" << endl;
			return false;
		}
		if (parkedCars.count(id) > 0) { 
			cout << "This car is already parked in the parking lot." << endl;
			return false;
		}
		int parkingSpot = parkedCars.size() + 1; 
		parkedCars[id] = parkingSpot; 
		cout << "Car with ID " << id << " parked in spot " << parkingSpot << "." << endl;
		return true;
	}

	bool retrieveCar() {
		string id = idReader->readID(); 
		if (parkedCars.count(id) == 0) { 
			cout << "This car is not parked in the parking lot." << endl;
			return false;
		}
		int parkingSpot = parkedCars[id]; 
		parkedCars.erase(id); 
		cout << "Car with ID " << id << " retrieved from spot " << parkingSpot << "." << endl;
		return true;
	}
	void displayParkedCars() {
		cout << "The following cars are parked in the parking lot:" << endl;
		for (auto& car : parkedCars) {
			cout << "ID: " << car.first << ", Parking Spot: " << car.second << endl;
		}
	}
};

class Barrier {
public:
    Barrier() {}
    void raise() {
        cout << "Barrier raising" << endl;
        std::this_thread::sleep_for(std::chrono::seconds(2));
        cout << "Barrier raised" << endl;
    }
    void lower() {
        cout << "Barrier lowering" << endl;
        std::this_thread::sleep_for(std::chrono::seconds(2));
        cout << "Barrier lowered" << endl;
    }
    ~Barrier() {}
private:
};

Barrier::Barrier()
{
}

Barrier::~Barrier()
{
}

int main() {
	Barrier barrier;
IDReader* idReader = nullptr;
ParkingLot* parkingLot = nullptr;

while (true) {

    cout << "Enter 'p' to park a car, 'r' to retrieve a car, 'd' to display parked cars, or 'q' to quit: ";
    char command;
    cin >> command;

    switch (command) {
    case 'p':
        cout << "Enter 'b' for barcode ID or 'l' for license plate ID: ";
        char idType;
        cin >> idType;

        if (idType == 'b') {
            idReader = new BarcodeReader();
        } else if (idType == 'l') {
            idReader = new PlateReader();
        } else {
            cout << "Invalid ID type" << endl;
            break;
        }

        parkingLot = new ParkingLot(3, idReader);

        parkingLot->parkCar();
        barrier.raise();
        barrier.lower();
        cout << "--------------------------------------------" << endl;
        break;

    case 'r':
        if (parkingLot) {
            parkingLot->retrieveCar();
            barrier.raise();
            barrier.lower();
            cout << "--------------------------------------------" << endl;
        } else {
            cout << "No car parked" << endl;
        }
        break;

    case 'd':
        if (parkingLot) {
            parkingLot->displayParkedCars();
        } else {
            cout << "No car parked" << endl;
        }
        break;

    case 'q':
        if (idReader) {
            delete idReader;
        }
        if (parkingLot) {
            delete parkingLot;
        }
        return 0;

    default:
        printf("Error");
    }
  }

}

User Manual:

To use this car park system, first compile the source code in a C++ compiler such as Visual Studio. Once compiled, the program can be run from the command line or from within the Visual Studio IDE.

When the program is run, it will prompt the user to enter the ID of the car they wish to enter the car park with. The user can enter the ID using either the BarcodeReader or NumberPlateReader, depending on the type of car park they are using.

Once a car has entered the car park, the program will keep track of the number of available parking spaces and update the status of the car park as cars enter and exit.

To exit the car park, the user must enter the ID of the car they wish to exit. The program will verify that the car is currently parked in the car park and update the status of the car park accordingly.

If there are no available parking spaces, the program will not allow any more cars to enter the car park.



Additional Extensions:
I think we can also make some extensions to the parking lot management program. Here are some simple extensions that come to mind.

1、Add a toll system: Parking lots can be charged according to different time periods and vehicle types.
2、A timing function can be added to record the start time and end time of the parking and calculate the cost based on the parking time and vehicle type.
Increase vehicle type management: The parking lot can allocate different parking Spaces according to different vehicle types, such as cars, motorcycles, trucks, etc.
3、Add surveillance systems: Parking lots can add cameras and other equipment to monitor the parking lot and prevent illegal activities and vehicle theft.
4、Add reservation system: Parking reservation can be made through the network or mobile phone client, and the parking space can be booked in advance when the space is limited, so as to improve the utilization rate of the parking lot.
5、Add a reputation evaluation system: users can evaluate the parking lot to improve service quality and user satisfaction.
6、Add statistical function: it can make statistics and analysis on the use of the parking lot, including the utilization rate of the parking space, income, passenger flow, etc.
7、Add multi-language support: Multiple languages can be supported to meet the needs of different users.
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