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1. [bookmark: _Toc133264081]Executive Summary
C++ is a popular programming language that supports object-oriented programming (OOP)[1]. OOP is a programming paradigm that uses objects, which are instances of classes, to represent and manipulate data. C++'s implementation of OOP provides programmers with a powerful set of tools to write complex, modular, and scalable software systems.
In this report, the author will explore the various aspects of C++'s OOP features, including classes, inheritance, polymorphism, encapsulation, composition, and aggregation. 
The report will first discuss the three core concepts of object-oriented programming, namely encapsulation, inheritance, and polymorphism. We will then delve into how these concepts are implemented in C++. We will also explore how C++'s OOP implementation can be used to improve the reusability, extensibility, and maintainability of code. Finally, we will demonstrate best practices for writing object-oriented code in C++ using a car park system as an example.

2. [bookmark: _Toc133264082]Introduction
Object-oriented programming is a programming paradigm that uses objects as the base unit to organize data and methods[2]. This approach offers several advantages, such as program reusability, maintainability, and extensibility. In this report, we will explore how the principles of object-oriented programming can be applied to a car park system.
To implement the car park system in an object-oriented manner, the author have identified five key classes: Carpark, Barrier, Sensor, IDReader, and FullSign. Each class has specific responsibilities, such as managing internal information, detecting vehicle location, checking vehicle permissions and license plates, controlling entrance and exit barriers, and displaying warning signals. In this report, the author will provide a detailed description of each class and its implementation details. By using an object-oriented approach, the author can ensure clarity and organization in our code, making it easier to maintain and extend the car park system.

[bookmark: _Toc133264083]3. Object-oriented
Object-oriented programming is a programming paradigm rather than a specific programming language[3]. Unlike traditional process-oriented programming, object-oriented programming uses objects as the base unit to organize data and methods of processing data into an interdependent whole in order to realize the benefits of program reusability, maintainability, and extensibility. To achieve this approach, object-oriented programming usually has three key features: encapsulation, inheritance, and polymorphism[4]. 

[bookmark: _Toc133264084]3.1 Packaging
Encapsulation is the process of encapsulating the state and behavior of an object[5], providing a simple interface to the outside world to hide the details of its internal implementation. In other words, encapsulation is the process of separating the internal state and behavior of an object from the external object and the remainder of the program, and restricting access to and manipulation of it.
In C++, the class is the basic unit of encapsulation. A class can be thought of as a template for creating objects. The class contains the required variables and user-defined methods. In classes, encapsulation can be achieved through access modifiers. In C++, access modifiers include public, protected, and private. Public members can be accessed from outside the class, protected members can be accessed by derived classes of the class, and private members can only be accessed from within the class. Encapsulation of members can be achieved by controlling the level of access to them.
In addition, C++ usually writes class declarations and definitions in separate files, with the declarations written in the header file (.h) and the definitions written in the source file (.cpp). The header file is mainly used for the definition of the interface of the class and contains information about the declaration of member functions of the class and related macro definitions, structure definitions, etc. The header file acts as a 'public interface' to the class, separating the user from the implementer of the class, so that the user only needs to access the interface of the class through the header file and does not need to care about the implementation details of the class.
The source file contains the implementation code of the class, including the definition of member functions, initialization of variables, etc. The source file is the 'private part' of the implementation class and cannot be accessed directly by the user, but only through the class interface (i.e., the member functions declared in the header file). Writing the implementation code and the interface in separate files helps to keep the code clear and maintainable.
[image: ]
Figure1 Parking System Classes

[bookmark: _Toc133264085]3.2 Inheritance
Inheritance allows a user to define a new class based on an existing class and inherit the properties and behavior of the original class. The inherited class is called the parent or base class, and the new class that inherits from the parent is called a subclass or derived class. A child class can extend its own behavior by inheriting features from the parent class or it can redefine or override the properties and behavior of the parent class.[6]
Similar to access rights in encapsulation, in C++, inheritance can be divided into three types: public inheritance, private inheritance, and protected inheritance. The difference is that children inherit members of the parent class with different access rights.
Public inheritance is where the child inherits all the members of the parent class, including public, protected, and private members, and has access to the public and protected members of the parent class, but not to the private members of the parent class.
Private inheritance allows the child class to access only the public and protected members of the parent class, but not the private members of the parent class. In the case of private inheritance, all members of the parent class are considered private, so the child class can only access the parent's members through its own public or protected members.
Protected inheritance allows the child class to access the public and protected members of the parent class, but not the private members of the parent class. In the case of protected inheritance, both public and protected members of the parent class are treated as protected members, so that the child class can only access the parent's members through its own public or protected members.
The use of inheritance allows for greater code reusability and avoids the need to write similar code over and over again. 
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Figure2 base class
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Figure3 Derived class
In object-oriented development, the relationship between classes is not always limited to inheritance but may also include association. This is why the concepts of composition and aggregation have been introduced in OOP[7]. Although they can both be used to describe associative relationships between objects, they have a different purpose and approach to inheritance. Both composition and aggregation are ways of combining objects and are used to represent inclusion relationships between objects, whereas inheritance is a way of reusing objects and is used to represent parent-child relationships and relationships between types of objects. In composition and aggregation, the contained objects are independent and do not have any type and behavior relationships, whereas in inheritance, the child class inherits the type and behavior from the parent class and can override and extend the behavior of the parent class. 

[bookmark: _Toc133264086]3.3 Polymorph
Polymorphism is an essential feature of object-oriented programming that allows different classes to use the same interface to implement different behaviours. For example, in a parking system, the system needs to recognize the permissions and license plates of cars. A developer can use the recognition function as a base class and define a method for recognition in that class. By generating its subclasses, such as the permission recognition class and the number plate recognition class, through derivation, each subclass can override the recognition method to achieve different recognition effects.
In C++, polymorphism can be implemented in two ways[8]: run-time polymorphism and compile-time polymorphism. Run-time polymorphism is implemented using virtual functions, while compile-time polymorphism is implemented using function overloading and templates. In run-time polymorphism, the child class can override the parent's virtual functions, and the parent class pointer can point to the child class object and call the virtual functions overridden by the child class, thus achieving polymorphism. In compile-time polymorphism, function overloading and templates are two common ways of implementing polymorphism. Function overloading allows multiple functions of the same name to be defined in the same scope, but they have different lists of arguments. The compiler determines which function to call at compile time based on the type of arguments to the function call. Templates are a generic programming technique that allows generic code to be defined that can be generated at compile time for a specific type of code. This approach is very common in container classes and algorithm classes, such as those in STL.
In conclusion, polymorphism is an important feature of object-oriented programming that makes code more flexible, extensible, and maintainable. In C++, it can be implemented through virtual functions[9], function overloading, and templates.
[image: ]
Figure4 Polymorph

[bookmark: _Toc133264087]4. Classes of car parks
Based on the above characteristics, let's take a car park system as an example for object-oriented programming practice. Firstly, we need to identify the necessary functions for the car park system based on its use case. These functions include managing internal information, detecting vehicle location, checking vehicle permissions and license plates, controlling entrance and exit barriers, and displaying warning signals.
To implement these functions in an object-oriented manner, we can divide the car park system into five classes: Carpark, Barrier, Sensor, IDReader, and FullSign.
The Carpark class will be responsible for recording and managing information related to the car park. The Barrier class will control the operation of the entrance and exit barriers. The Sensor class will detect the location of the car. The IDReader class will detect the car's permission card and license plate. Lastly, the FullSign class will display warning signals when the car park is full.
[image: ]
Figure5 Class diagram
To ensure clarity and organization in our code, we have placed the class declarations and implementation details in separate folders. Each class will now be described in detail below.

[bookmark: _Toc133264088]4.1 Carpark
Carpark is the main class in the parking system and it contains the fundamental properties and behaviors of the parking system such as capacity and number of available spaces, card reader, number plate detection, entry and exit sensors, barriers, and indicators. The class combines with other classes such as idReader, Sensor, Barrier, and FullSign to form the complete parking system.
In addition, the class includes two structures: StaffInfo and VisitorInfo. StaffInfo represents the staff card and contains the staff's card number, name, ID, and license plate information, while VisitorInfo represents the temporary card used by the visitor and contains the visitor's card number, number plate information, and entry time.
[image: ]
Figure6 Carpark
This class has the following methods:
Carpark(int cap, int fs): constructor to initialise the capacity of the carpark and the number of available spaces.
void gate(int card, std::string state, std::string carplate): import/export judgement function, which determines whether the current vehicle is in the car park by calling the carPresent method in the Sensor class and simulating the state information detected by the sensor. The function determines whether the vehicle is at the entrance or exit of the parking lot by calling the carPresent method in the Sensor class and simulating the state information detected by the sensor.
void incrementSpaces(int card, std::string carplate): The vehicle exit function controls the relevant components to enable the car to exit the car park. This function calls the remove method of the BarCodeReader class to remove the car plate of the car and update the remaining space in the car park and the car park indicator. It also controls the raising and lowering of the barriers at the exit via the raise and lower methods of the Barrier class.
void decrementSpaces(int card, std::string carplate): The vehicle drive-in function is used to add a vehicle to the car park. This function uses the read method in the BarCodeReader to identify the current card information and determine if the vehicle has permission. In addition to this, the show method in the FullSign class is required to see if there is any space left in the car park, and if both are satisfied, the barriers are raised to allow the vehicle to enter and the corresponding information in the car park is updated.
void setIds(std::list<int> ids): Sets a list of card numbers for employees. Initialise the permission information and pass the card numbers with permissions into the BarCodeReader class.
int spaceLeft(): Gets the remaining space in the car park.
void update(int& cap, int& fs): Updates the capacity and the number of free spaces in the car park.
~Carpark(): destructor to release the object.
In order to implement the parking system, the class needs to interact with other classes such as Sensor, IDReader, Barrier and FullSign, instances of which can be combined with the Carpark class in a combinatorial way.

[bookmark: _Toc133264089]4.2 Barrier
The description of the Barrier class seems clear and concise. However, there are a few minor changes that could be made to improve the clarity of the content. Here is a revised version of the paragraph with the changes highlighted in bold:
[image: ]
Figure7 Barrier
The Barrier class simulates a physical obstacle in the parking system. The class has a default constructor, three public member functions, and a default destructor. The default constructor, Barrier(), initializes an obstacle object by setting its initial state to the falling state (i.e., up = 0). The raise() member function raises the barrier (i.e., up = 1), while the lower() member function lowers the obstacle (i.e., up = 0). The update() member function updates the state of the obstacle based on the parameter u (i.e., up = u). The default destructor ~Barrier() serves to free memory when the object is destroyed, although there is no dynamically allocated memory in this class, so the implementation of this function is empty.

[bookmark: _Toc133264090]4.3 FullSign
The FullSign class represents the status of the car park indicator. It is responsible for indicating whether there is space available in the car park or not. The class uses a private variable, lightOn, which is initialised to 0 by the constructor, to indicate whether the light is on or off.
There are three public functions defined in the class:
The SwitchOn() function is used to turn on the car park indicator, setting lightOn to 1;
The SwitchOff() function is used to turn off the car park indicator, setting lightOn to 0;
The show() function returns the value of lightOn, indicating the current state of the indicator.
The destructor of the class is empty.
[image: ]
Figure8 FullSign

[bookmark: _Toc133264091]4.4 Sensor
The Sensor class simulates a sensor that detects the location of a vehicle. The member variable 'present' indicates the position of the vehicle; present=1 indicates that the car is at the entrance, and present=0 indicates that the car is at the exit. The class has the following member functions:
Sensor(): This is a default constructor that initializes the member variable present to 1.
int carPresent(std::string cpre): This function simulates the information collected by the sensor and determines the location of the car based on the input parameter cpre. If the car is at the entrance, the member variable present is set to 1, otherwise it is set to 0, and the current state is returned.
void update(int pre): This function updates the value of the member variable present, according to the parameter pre passed in.
~Sensor(): This is a default destructor.
[image: ]
Figure9 Sensor

[bookmark: _Toc133264092]4.5 IDReader
The IDReader class is an abstract base class. To improve the code's reusability, the authors use the inheritance feature to create a base class IDReader and two derived classes, CarPlateReader and BarCodeReader, respectively, which override the read function of the parent class using polymorphism.
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Figure10 IDReader & CarPlateReader & BarCodeReader
In a car park system, the order in which vehicles enter and exit is uncertain, and the license plate can vary at different times, making it more appropriate to use dynamic data structures to store license plate numbers. Commonly used dynamic data structures include chained tables, stacks, queues, and trees, among which chained tables are more suitable for storing number plate information. A linked table is a dynamic data structure that can dynamically insert and delete elements at runtime, making it suitable for scenarios where elements need to be added and deleted frequently. In a parking system, license plate information needs to be added or deleted when a vehicle enters or leaves, so a chained table is well suited for this need.
A queue is a first-in, first-out (FIFO) data structure that is not suitable for this system because there is no enforced sequential relationship between the vehicles in the car park. A stack is a last-in, first-out (LIFO) data structure that does not fit the rules for vehicle entry and exit. Trees are a hierarchical structure that requires a predefined tree hierarchy and node relationships and are not suitable for storing data that changes frequently, such as parking plate information.
Therefore, the authors of this system use a chained table to store license plate information, which improves the flexibility and scalability of the system and better adapts to the dynamic changes of vehicle access.
The IDReader class is the abstract class that contains a default constructor and a dummy destructor, as well as the dummy read function, which are not implemented and need to be implemented by derived classes. In the CarPlateReader class, the read function is overridden with a list of arguments as a list of strings, which is used to save the read license plate information into a list of strings. The remove function removes a specified license plate information, and the count function returns the number of license plates saved in the current list.
In the BarCodeReader class, the read function overloads to read the barcode information and to verify that the information read is valid based on the contents of the m_ids list. Overall, this class is used to read card information and vehicle plate information and provides the corresponding interface functions.

[bookmark: _Toc133264093]4.6 Run
All classes have been combined with the carpark class, so you only need to create an object of the carpark class to run the parking lot system. We need to create some employee cards and visitor cards first, and store these authorized cards into the parking system through carpark.setIds(ids).
After completing these operations, you can simulate the entry and exit of the car by calling carpark.gate.
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Barrier.h:
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Barrier.cpp:
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FullSign.h:
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Sensor.h:
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IDReader.h:
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Carpark.h:
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std::string m_name; //name

| std::string m_identity; //identity
std::string m_carPlateInfo; //carplate

B! StaffInfo(int id, std::string name, std::string identity, std::string carPlateInfo)
H : m_id(id)

. , m_name (name)

» m_identity (identity)

» m_carPlateInfo(carPlateInfo)

|LEl
//visitor card
astruct VisitorInfo

| int mid; //card id
std::string m_carPlatelnfo; //carplate
std::string m_time; //tine
VisitorInfo(int id, std::string carPlatge, std::string time)
Lol midld)
. m_carPlateInfo(carPlatge)
» m_time(time)

]

Bclass Carpark
{
private:
| int capacity;
| int freeSpace;
//car plate reader
CarPlateReader carPlateInfo;
i //barcode reader
BarCodeReader barCodeReader;
//exit and entrance
Sensor sensor;
i //control barrier
Barrier barrier;
//indicator light
{  FullSign fullSign;

public
Carpark (int cap, int fs);

void gate(int card, std::string state, std::string carplate); //Entrance and exit judgment

void incrementSpaces(int card, std::string carplate); // drive out
void decrementSpaces(int card, std::string carplate); // enter
void setlds(std::list<int> ids);

int spaceleft(); JIREZE
void update (inté cap, intk fs);
“Carpark() ;
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#include “Carpark.h”
#include <iostream>
#include <list>

iCarpark: :Carpark (int cap, int fs)
{

capacity = cap;

freeSpace = fs:

void Carpark: :incrementSpaces(int card, std::string carplate) //car leave the carpark
{
using namespace std;
cout << “id: ” << card << ” carplate: ” << carplate << “want to leave” << endl;
carPlatelInfo. remove (carplate) ; //remove the carplate
freeSpace++; // add the freespace
if (freeSpace = 1)
{
fullSign. SwitchOFf(); //turn off the light
cout << “turn off the ligth” << endl;
}
barrier. raise(); //up the barrier
cout << “up the barrier of exit” << endl;
cout << “free space of carpark:” << freeSpace;
barrier. lower ) ; //down the barrier
cout << “dpwn the barrier of exit” < endl;

void Carpark: ntSpaces(int card, std::string carplate) //car enters the carpark

{

using namespace std;

cout << "id: ” << card << ” carplate: ” << carplate << “want to enter” << endl;
if (fullSign. show() == 0 & barCodeReader. read (card))
{
| cout << "allow to enter” << endl;
i barrier.taise(); //up the barrier
cout << “up the barrier of the enterance” << endl;
freeSpace—;
| cout << “free space of carpark: ” << freeSpace << endl;
carPlatelnfo. read(carplate) ; //record the carplate
if (freeSpace — 0)
H
i fullSign. SwitchOn() ; //update the fullsign
cout << “the carpark is full, turn on the light” << endl;

T
| barrier. lower(); //down the barrier

cout << “down the barrier of the enterance” << endl;
1

else

{

cout << “id:” << card << " carplate: ” << carplate << “Reject” << endl;
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0id Carpark: :gate(int card, std::string state, std::string carplate) //check the position of the car

{

if (sensor. carPresent (state) = 1)
{
return decrementSpaces(card, carplate);
1
else
{

return incrementSpaces (card, carplate);

-
!

1
i

etlds (std:

void Carpark: List<int> ids)

{

barCodeReader. setlIds (ids) ;

i
Sint Carpark::spaceLeft ()

! return freeSpace;
3\}101'-‘1 Carpark: :update (int& cap, int& fs)
! capacity = cap;

| freeSpace = fs;

Carpark: : “Carpark () {}
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