Introduction

Object-oriented programming (OOP) is a programming paradigm that emphasizes the use of objects and classes to organize and structure code. Classes are templates that define the properties and behaviors of objects, while objects are instances of a class that contain specific values for their properties. OOP concepts such as abstraction, inheritance, polymorphism, and encapsulation can help create code that is more modular, reusable, and easier to maintain.

This report analyzes best practices for implementing classes, abstract classes, composition and aggregation, inheritance, polymorphism, virtual methods, and storage structures in the context of an OO Car Park solution. We will demonstrate how these best practices have been implemented in our application, describing each class's attributes and methods and their relationships with other classes. We will also explain the difference between static memory allocation and dynamic memory allocation and determine the best approach for the Car Park application.

Best Practices

Classes and Abstract Classes

Best practices for classes include creating classes that have a single responsibility, using clear and concise names for classes, and providing methods that have a single responsibility. Abstract classes are used when creating a hierarchy of classes that have some shared behavior.

In our Car Park solution, we have created several classes that adhere to these best practices. For example, our Car class has a single responsibility of representing a car with its ID, and our IDReader class has a single responsibility of reading an ID.

We have also created an abstract IDReader class that defines a common interface for our different ID reader classes (BarcodeReader and NumberPlateReader) and shares some common behavior. The BarcodeReader and NumberPlateReader classes inherit from IDReader and provide their own implementation of the readID() function.

class Car {

public:

    Car(const std::string& id);

    std::string getID() const;

private:

    std::string m_id;

};

class IDReader {

public:

    virtual ~IDReader() = default;

    virtual std::string readID() = 0;

};

class BarcodeReader : public IDReader {

public:

    std::string readID() override;

};

class NumberPlateReader : public IDReader {

public:

    std::string readID() override;

};

Composition and Aggregation 

Composition and aggregation are both ways of creating relationships between objects. Composition is a strong relationship where one object owns another object and is responsible for its creation and destruction. Aggregation is a weaker relationship where one object uses another object, but the second object can exist independently of the first.

In our Car Park solution, we have used composition to represent the barriers and the ID manager. The Barrier class is composed of two methods, raise() and lower(), that simulate a barrier that can be raised and lowered. The CarPark class has two instances of the Barrier class, one for the entrance and one for the exit.

We have also used composition for the IDManager class, which is responsible for managing the IDs of the cars parked in the car park. The CarPark class has an instance of the IDManager class.

class Barrier {

public:

    void raise();

    void lower();

};

class IDManager {

public:

    void addID(const std::string& id);

    void removeID(const std::string& id);

    bool containsID(const std::string& id) const;

private:

    std::unordered_set<std::string> m_ids;

};

class CarPark {

public:

    CarPark(int capacity, std::unique_ptr<IDReader> idReader);

    void update();

    bool carEnter();

    void carExit(const std::string& id);

private:

    int m_capacity

int m_spaces;

Barrier m_entranceBarrier;

Barrier m_exitBarrier;

std::unique_ptr<IDReader> m_idReader;

IDManager m_idManager;

};

Inheritance and Polymorphism

Inheritance is the process of creating a new class that is a modified version of an existing class, while polymorphism refers to the ability of objects to take on different forms depending on their context. Inheritance allows us to create a hierarchy of classes that share behavior, while polymorphism allows us to use objects of different classes interchangeably.

In our Car Park solution, we have used inheritance and polymorphism to create a hierarchy of ID reader classes. The IDReader class is an abstract class that defines a common interface for all ID reader classes. The BarcodeReader and NumberPlateReader classes inherit from IDReader and provide their own implementation of the readID() function.

We have also used polymorphism in the CarPark class, where we accept a pointer to an IDReader object in the constructor. This allows us to use different types of ID readers interchangeably, without changing the CarPark class's implementation.

class IDReader {

public:

    virtual ~IDReader() = default;

    virtual std::string readID() = 0;

};

class BarcodeReader : public IDReader {

public:

    std::string readID() override;

};

class NumberPlateReader : public IDReader {

public:

    std::string readID() override;

};

class CarPark {

public:

    CarPark(int capacity, std::unique_ptr<IDReader> idReader);

    void update();

    bool carEnter();

    void carExit(const std::string& id);

private:

    int m_capacity;

    int m_spaces;

    Barrier m_entranceBarrier;

    Barrier m_exitBarrier;

    std::unique_ptr<IDReader> m_idReader;

    IDManager m_idManager;

};

Virtual Methods and Storage Structures

Virtual methods are functions that can be overridden in derived classes to provide their own implementation. Storage structures are used to organize and store data in memory.

In our Car Park solution, we have used virtual methods in the IDReader class to define a common interface for our different ID reader classes. The readID() function is a virtual method that is overridden in the BarcodeReader and NumberPlateReader classes to provide their own implementation.

We have also used storage structures in the IDManager class to store the IDs of the cars parked in the car park. We have used an unordered set to store the IDs, which provides constant-time average insertion, deletion, and lookup operations.

class IDReader {

public:

    virtual ~IDReader() = default;

    virtual std::string readID() = 0;

};

class IDManager {

public:

    void addID(const std::string& id);

    void removeID(const std::string& id);

    bool containsID(const std::string& id) const;

private:

    std::unordered_set<std::string> m_ids;

};

Static Memory Allocation vs. Dynamic Memory Allocation

Static memory allocation is the allocation of memory at compile-time, where the size of the memory block is fixed and cannot be changed at runtime. Dynamic memory allocation is the allocation of memory at runtime, where the size of the memory block can be changed dynamically during program execution.

In C++, static memory allocation is done using variables and arrays, while dynamic memory allocation is done using pointers and dynamic memory allocation functions such as new and delete. Static memory allocation is usually faster and more efficient than dynamic memory allocation, but it is less flexible and can lead to memory wastage if the size of the memory block is not known at compile time.

In our Car Park solution, we have used dynamic memory allocation to create instances of the BarcodeReader and NumberPlateReader classes in the main() function. We have used the std::make_unique function to create a unique pointer to an IDReader object, which can be passed to the CarPark constructor. Dynamic memory allocation is appropriate in this case because the size of the ID reader object is not known at compile time and may vary depending on the type of ID reader used.

int main() {

    std::unique_ptr<IDReader> barcodeReader = std::make_unique<BarcodeReader>();

    CarPark barcodeCarPark(5, std::move(barcodeReader));

    std::unique_ptr<IDReader> numberPlateReader = std::make_unique<NumberPlateReader>();

    CarPark numberPlateCarPark(5, std::move(numberPlateReader));

    // rest of the main() function

}

of the memory block is not known at compile time.

In our Car Park solution, we have used dynamic memory allocation to create instances of the BarcodeReader and NumberPlateReader classes in the main() function. We have used the std::make_unique function to create a unique pointer to an IDReader object, which can be passed to the CarPark constructor. Dynamic memory allocation is appropriate in this case because the size of the ID reader object is not known at compile time and may vary depending on the type of ID reader used.

int main() {

    std::unique_ptr<IDReader> barcodeReader = std::make_unique<BarcodeReader>();

    CarPark barcodeCarPark(5, std::move(barcodeReader));

    std::unique_ptr<IDReader> numberPlateReader = std::make_unique<NumberPlateReader>();

    CarPark numberPlateCarPark(5, std::move(numberPlateReader));

    // rest of the main() function

}

Best Approach for the Car Park Application

In the context of the Car Park application, the best approach for storing the IDs of the cars parked in the car park is using a hash-based data structure such as an unordered set. This is because we need to perform fast insertion, deletion, and lookup operations on the IDs, and a hash-based data structure provides constant-time average performance for these operations.

Additionally, since the size of the ID manager is fixed and known at compile time, static memory allocation could be used to allocate memory for the ID manager. However, since the size of the ID reader object is not known at compile time and may vary depending on the type of ID reader used, dynamic memory allocation is more appropriate for allocating memory for the ID reader object.

Conclusion

In conclusion, best practices for implementing classes, abstract classes, composition and aggregation, inheritance, polymorphism, virtual methods, and storage structures were analyzed in the context of an OO Car Park solution. We demonstrated how these best practices have been implemented in our application, describing each class's attributes and methods and their relationships with other classes. We also explained the difference between static memory allocation and dynamic memory allocation and determined the best approach for the Car Park application. By following these best practices, we were able to create a modular, reusable, and maintainable solution for the Car Park application.

task1

#pragma once

class Barrier {

public:


void raise();


void lower();

};

#pragma once

#include <string>

class Car {

public:

    Car(const std::string& id);

    std::string getID() const;

bool operator==(const Car& other) const {  

        return m_id == other.m_id;

    }

private:

    std::string m_id;

};

#pragma once

#include "Car.h"

#include "Barrier.h"

#include <vector>

class CarPark {

public:


CarPark(int capacity);


void update();


bool carEnter(const Car& car);


void carExit(const Car& car);

private:


int m_capacity;


int m_spaces;


Barrier m_entranceBarrier;


Barrier m_exitBarrier;


std::vector<Car> m_cars;

};

#include "Barrier.h"

#include <iostream>

void Barrier::raise() {


std::cout << "Barrier raised." << std::endl;

}

void Barrier::lower() {


std::cout << "Barrier lowered." << std::endl;

}#include "Car.h"

Car::Car(const std::string& id) : m_id(id) {}

std::string Car::getID() const {


return m_id;

}

#include "CarPark.h"

#include <algorithm>

#include <iostream>

CarPark::CarPark(int capacity) : m_capacity(capacity), m_spaces(capacity) {}

void CarPark::update() {


// Implement your car park update logic here

}

bool CarPark::carEnter(const Car& car) {


if (m_spaces > 0) {



m_entranceBarrier.raise();



m_spaces--;



m_cars.push_back(car);



m_entranceBarrier.lower();



return true;


}


return false;

}

void CarPark::carExit(const Car& car) {


auto it = std::find(m_cars.begin(), m_cars.end(), car);


if (it != m_cars.end()) {



m_exitBarrier.raise();



m_spaces++;



m_cars.erase(it);



m_exitBarrier.lower();


}

}

#include "CarPark.h"

#include <iostream>

#include <chrono>

#include <thread>

int main() {


CarPark NCP(10);


Car car1("ABC123");


Car car2("XYZ789");


NCP.carEnter(car1);


NCP.carEnter(car2);


std::this_thread::sleep_for(std::chrono::seconds(2));


NCP.carExit(car1);


return 0;

}

The #pragma once directive is a preprocessor directive that ensures that the code in the header file is included only once in the compilation process. This helps to prevent multiple definitions and other issues that can arise when header files are included multiple times.

The Barrier class represents a simple barrier that can be raised or lowered. It has two public methods: raise() and lower(), which print messages to the console indicating that the barrier has been raised or lowered.

The Car class represents a car in the car park system. It has a constructor that takes a string ID, and a getID() method that returns the ID of the car. It also overloads the == operator, which is used to compare two Car objects for equality based on their IDs.

The CarPark class represents the main car park system. It has a constructor that takes an integer capacity, which represents the total number of parking spaces in the car park. It also has methods to update the car park, allow cars to enter and exit, and keep track of the number of available spaces.

The main() function demonstrates the usage of the car park system by creating an instance of CarPark, creating two Car objects, allowing the cars to enter the car park, waiting for 2 seconds, and then allowing one of the cars to exit the car park.

When a car enters the car park, the carEnter() method is called with a Car object as an argument. The method checks if there are any available parking spaces and, if so, adds the car to the car park and decrements the number of available spaces.

When a car exits the car park, the carExit() method is called with a Car object as an argument. The method searches for the car in the car park, removes it if it is found, and increments the number of available spaces.

Overall, this code provides a basic framework for a car park system, but would need to be extended and modified to handle more complex scenarios and features such as payment systems, parking guidance systems, and reservations.

Task2
#pragma once

#include "IDReader.h"

class BarcodeReader : public IDReader {

public:


std::string readID() override;

};

#pragma once

#pragma once

class Barrier {

public:


void raise();


void lower();

};

#pragma once

#pragma once

#include <string>

class Car {

public:


Car(const std::string& id);


std::string getID() const;

private:


std::string m_id;

};

#pragma once

#include "Car.h"

#include "Barrier.h"

#include "IDReader.h"

#include "IDManager.h"

#include <vector>

#include <memory>

class CarPark {

public:


CarPark(int capacity, std::unique_ptr<IDReader> idReader);


void update();


bool carEnter();


void carExit(const std::string& id);

private:


int m_capacity;


int m_spaces;


Barrier m_entranceBarrier;


Barrier m_exitBarrier;


std::unique_ptr<IDReader> m_idReader;


IDManager m_idManager;

};

// IDManager.h

#pragma once

#include <string>

#include <unordered_set>

class IDManager {

public:

    void addID(const std::string& id);

    void removeID(const std::string& id);

    bool containsID(const std::string& id) const;

private:

    std::unordered_set<std::string> m_ids; // Fixed the typo here

};

#pragma once

#include <string>

class IDReader {

public:


virtual ~IDReader() = default;


virtual std::string readID() = 0;

};

#pragma once

#include "IDReader.h"

class NumberPlateReader : public IDReader {

public:


std::string readID() override;

};

#include "BarcodeReader.h"

#include <iostream>

std::string BarcodeReader::readID() {


std::string barcode;


std::cout << "Enter the barcode: ";


std::cin >> barcode;


return barcode;

}

#include "BarcodeReader.h"

#include <iostream>

std::string BarcodeReader::readID() {


std::string barcode;


std::cout << "Enter the barcode: ";


std::cin >> barcode;


return barcode;

}

#include "BarcodeReader.h"

#include <iostream>

std::string BarcodeReader::readID() {


std::string barcode;


std::cout << "Enter the barcode: ";


std::cin >> barcode;


return barcode;

}

#include "CarPark.h"

#include <algorithm>

#include <iostream>

CarPark::CarPark(int capacity, std::unique_ptr<IDReader> idReader)


: m_capacity(capacity), m_spaces(capacity), m_idReader(std::move(idReader)) {}

void CarPark::update() {


// Implement your car park update logic here

}

bool CarPark::carEnter() {


std::string id = m_idReader->readID();


if (m_spaces > 0 && !m_idManager.containsID(id)) {



m_entranceBarrier.raise();



m_spaces--;



m_idManager.addID(id);



m_entranceBarrier.lower();



return true;


}


return false;

}

void CarPark::carExit(const std::string& id) {


if (m_idManager.containsID(id)) {



m_exitBarrier.raise();



m_spaces++;



m_idManager.removeID(id);



m_exitBarrier.lower();


}

}

#include "NumberPlateReader.h"

#include <iostream>

std::string NumberPlateReader::readID() {


std::string numberPlate;


std::cout << "Enter the number plate: ";


std::cin >> numberPlate;


return numberPlate;

}

#include "IDManager.h"

void IDManager::addID(const std::string& id) {


m_ids.insert(id);

}

void IDManager::removeID(const std::string& id) {


m_ids.erase(id);

}

bool IDManager::containsID(const std::string& id) const {


return m_ids.find(id) != m_ids.end();

}

#include "CarPark.h"

#include "BarcodeReader.h"

#include "NumberPlateReader.h"

#include <iostream>

#include <memory>

#include <chrono>

#include <thread>

int main() {


std::unique_ptr<IDReader> barcodeReader = std::make_unique<BarcodeReader>();


CarPark barcodeCarPark(5, std::move(barcodeReader));


std::unique_ptr<IDReader> numberPlateReader = std::make_unique<NumberPlateReader>();


CarPark numberPlateCarPark(5, std::move(numberPlateReader));


std::cout << "Barcode car park:\n";


barcodeCarPark.carEnter();


barcodeCarPark.carEnter();


std::cout << "\nNumber plate car park:\n";


numberPlateCarPark.carEnter();


numberPlateCarPark.carEnter();


std::this_thread::sleep_for(std::chrono::seconds(2));


std::string idToExit;


std::cout << "\nEnter the ID to exit from the barcode car park: ";


std::cin >> idToExit;


barcodeCarPark.carExit(idToExit);


std::cout << "\nEnter the ID to exit from the number plate car park: ";


std::cin >> idToExit;


numberPlateCarPark.carExit(idToExit);


return 0;

}

The first few lines are header guards or include guards, indicated by #pragma once. This ensures that each header file is included only once in the compilation process, to avoid multiple definitions and other issues.

The code defines several classes: IDReader, BarcodeReader, NumberPlateReader, IDManager, Barrier, Car, and CarPark.

IDReader is an abstract base class that defines an interface for reading an ID. Its readID() method is declared as a pure virtual function, meaning it has no implementation and must be overridden by derived classes.

BarcodeReader and NumberPlateReader are derived from IDReader and implement their own version of the readID() method. BarcodeReader reads the ID by prompting the user to enter a barcode, while NumberPlateReader prompts the user for a number plate.

IDManager is a class that maintains a collection of IDs, and provides methods to add, remove, and check if a given ID is present in the collection.

Barrier is a simple class that has methods to raise and lower a barrier.

Car is a class that represents a car with a unique ID.

CarPark is the main class that models the car park. It has a constructor that takes the capacity of the car park and a pointer to an IDReader object. It also has methods to update the car park, allow cars to enter and exit, and keep track of the number of available spaces.

The main() function demonstrates the usage of the car park system by creating two instances of CarPark, one using a BarcodeReader and the other using a NumberPlateReader. The code prompts the user to enter IDs for both car parks, then waits for 2 seconds before allowing the cars to exit. Finally, the code prompts the user to enter the IDs of the cars to exit.

Extension:

One potential extension to this car park system would be to add support for multiple entrances and exits. Currently, there is only one entrance and one exit, but in a real car park, there may be several entry and exit points. This could be achieved by adding more Barrier objects and modifying the CarPark class to handle multiple entry and exit points.

Another extension could be to add support for different types of parking spots. For example, there may be spots designated for compact cars, large vehicles, or electric vehicles. This could be achieved by modifying the CarPark class to keep track of different types of spots and assigning them accordingly based on the type of vehicle entering the car park.

Additional Extensions:

One possible extension to this car park system would be to implement a payment system, where users are charged a fee based on the length of time they park in the car park. This could be implemented by adding a timer to keep track of the time each car has been parked and a payment method to charge the user when they exit the car park.

Another extension could be to add support for a reservation system, where users can reserve a parking spot in advance. This could be useful for events or busy periods when parking spaces may be in high demand.

It could also be useful to add support for a parking guidance system, where users can be directed to the nearest available parking spot using sensors or cameras. This could help to reduce congestion and make the parking process more efficient.

Another extension could be to add support for automated valet parking, where users can drop off their car at a designated spot and the car park system will park the car automatically. This could be achieved using robotics or other automated systems.

Finally, it may be useful to add support for real-time monitoring and analytics, where the car park system can provide data on usage patterns, occupancy rates, and other key metrics. This could help to optimize the operation of the car park and improve the user experience.

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.

