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PART 1: IMPLEMENTATION
Project Background: According to the specific requirements for a company to design a parking application, the overall framework of the system includes these key elements: Barrier, Sensor, IDReader, FullSign, logging system.
The Barrier class is used to handle the raising and lowering process of the two lift bars at the entrance and exit, and also includes the charging system; the Sensor class is used to identify the cars entering and leaving the parking lot; the IDReader includes the ID barcode reader and the number plate reader; the FullSign is used to identify whether there are empty spaces in the parking lot, and turn on the full light when the parking is full. The logging system is used to record the entry and exit of each car.
The parking management system designed in this paper mainly uses the three main features of c++ object-oriented programming (encapsulation, inheritance, polymorphism) to achieve the following key points: to achieve a complete management system. Encapsulation protects the internal data of the parking lot from being corrupted by the operator. Use the three main features to reduce the coupling between modules. Use the three main features to reduce the total amount of code and increase the reuse between codes.

1.1 Application Function Introduction
To achieve the functionality, C++ object-oriented programming was chosen, the development tool was Visual Studio 2019, and the structure of the project is shown in Figure 1:
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Figure 1 Project Structure

First look at the overall file division, from Figure 1 we can see that the parking management system is mainly divided into the above mentioned modules:: Barrier, Sensor, IDReader, FullSign, etc.. These modules and the final system to be implemented belong to the dependency relationship, these modules all work for CarPark class, so these classes and CarPark class is a one-way dependency relationship.
1. Parking information display
After running the system and entering the parking system, you can see the total capacity of the parking lot, as well as the remaining capacity and whether the parking is full sign. Then choose the subsequent required operation, whether to enter the parking lot or leave the parking lot, or to check the current parking lot parking situation. When there are remaining parking spaces in the parking lot, fullSign shows the sign: no, and the user can choose to enter the parking lot. If the remaining capacity of the parking lot is 0, the fullSign sign will show: yes, the parking lot is full. As shown in Figure 2.
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Figure 2

2.Entering the information of vehicles entering the parking lot
	When the system shows that there are remaining empty parking spaces in the parking lot, the user can choose to enter the parking lot. Before entering the parking lot, the sensor recognition of the license plate number is completed first, the license plate recognition is successful and the lift bar is lifted to let the car enter, and the lift bar is lowered after the car enters. After completing the parking of the car, the remaining capacity of the parking lot is updated and judged whether there are still remaining parking spaces in the parking lot. As shown in Figure 3.
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Figure 3

3. Implement the function of querying the specified car
When querying the parking situation of the current parking lot, you can see whether the parking lot is full and the current remaining capacity through the fullsign sign of the system, and you can also query the specific information such as the license plate number of the car parked into the parking lot. As shown in Figure 4, you can see that the total capacity of this parking lot is 30, the remaining parking space is 29, and the license plate number of the parked car is 14726.
[image: ]
Figure 4

4. Delete the information of vehicles leaving the parking lot
When a car leaves the parking lot, the sensor first reads the license plate number of that car, and lifts the lift bar to let the car drive out after successful recognition, and lowers the lift bar after the car drives out. When the car drives out the system will delete the license plate information of that car in the parking lot and update the remaining capacity display of the parking lot. At the same time, the fullsign sign is judged and updated. As shown in Figure 5, when the car is ready to leave the parking lot, the license plate number is read: 14726, and the lift lever rises after successful recognition, and the lift lever drops after the car leaves, completing the process of the car leaving the parking lot. The remaining capacity is updated at the same time.
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Figure 5
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The idea of object-oriented programming was introduced early in 1967 when Kisten Nygaard and Ole Johan Dahl at the Norwegian Center for Computing developed the Simula67 language, which provided a higher level of abstraction and encapsulation than subroutines, introduced the concept of data abstraction and classes, and this language is considered to be the first object-oriented language. Object-Oriented Programming (OOP) is a new paradigm of programming. A programming paradigm is a specification, model, and style for designing programs, and it is the basis for a class of programming languages.
Encapsulation is one of the core concepts of object-oriented programming, which refers to encapsulating data and behavior in a class and restricting external access to them. encapsulation is implemented in C++ through access control modifiers (public, private, protected).
Inheritance is another important object-oriented programming feature that allows a class to inherit properties and methods from another class and to extend them with new properties and methods. single and multiple inheritance are supported in C++.
Polymorphism is another important feature of object-oriented programming, which means that the same operation can have different behaviors when applied to different objects.
The process-oriented programming paradigm is a widely used process-oriented language, whose main feature is that a program consists of a procedure definition and a procedure call (simply put, a procedure is a piece of code that performs an operation, and a function is the most common procedure).
The basic element of object-oriented programs is the object, and the main structural features of object-oriented programs are: first, the program generally consists of two parts: the definition of the class and the use of the class; second, all operations in the program are realized by sending a message to the object, and the object receives the message and starts the relevant method to complete the corresponding operation.
1. Data abstraction
	Data abstraction is an important feature of the C++ language that allows implementation details of data types to be hidden behind an interface, thus allowing programmers to use data types in a more simplified and secure way. The core idea of data abstraction is to encapsulate implementation details inside a class and provide a public interface for external programs to use.
In C++, data abstraction is usually implemented through classes. A class is a user-defined data type that encapsulates data and related operations. The implementation details of a class are usually hidden in the private part of the class, while the public part contains the interface of the class.
With data abstraction, programmers can hide the implementation details in the private part of the class, which can protect the security and integrity of data and prevent external programs from illegally accessing or modifying the data. At the same time, data abstraction can also improve the maintainability and extensibility of the program, because the implementation details of the class can be modified and updated without affecting external programs.
Data abstraction can also be achieved through access control operators. The access control characters public, private, and protected can be used in the class declaration to restrict access to member functions and data members. Among them, public means that members can be accessed by any program, private means that members can only be accessed by member functions of the class, and protected means that members can be accessed by member functions of the class and member functions of derived classes. In addition, data abstraction can be achieved by pure virtual functions and abstract classes. An abstract class is a class that cannot be instantiated and is intended to be used by a derived class to implement its pure virtual functions. A pure virtual function is an unimplemented virtual function that is intended for a derived class to implement its concrete behavior.
In summary, data abstraction is an important feature of the C++ language that encapsulates implementation details inside a class and provides a public interface for use by external programs. Through data abstraction, programmers can improve the maintainability and extensibility of their programs, as well as protect the security and integrity of data. Knowledge of the concepts and techniques of data abstraction is important for software development in C++.

2. Packaging
Encapsulation in C++ is a fundamental concept of object-oriented programming that encapsulates data and operations in a class and controls access to the members of the class by external programs through access controllers. The purpose of encapsulation is to protect the security and integrity of data, and also to improve the maintainability and extensibility of the program.
In C++, encapsulation is usually implemented through classes. Classes encapsulate data and operations together, and external programs can only access data and operations through the public interface of the class. Data members of a class are usually defined as private data members that can only be accessed through the class's member functions. The member functions of a class, on the other hand, can be defined as public, private, or protected member functions to control the access of external programs to the members of the class. There are many benefits to using encapsulation in C++. First, encapsulation protects the security and integrity of data because external programs do not have direct access to the private data members of a class. This prevents external programs from gaining illegal access to or modifying data. Second, encapsulation also improves the maintainability and extensibility of programs because the implementation details of classes can be modified and updated without affecting external programs. In addition, encapsulation enables the separation of interface and implementation, so that the interface and implementation of a class can be designed and modified independently, thus increasing the flexibility and reusability of the program design.
When using encapsulation, some basic principles need to be followed. First, try to set the data members of the class as private members and expose only the necessary public interfaces. Second, try to set the member functions of the class as const member functions to avoid accidentally modifying the data members. Finally, try to use access control characters to control the access rights of class members to ensure the security and integrity of data.
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Encapsulation is the encapsulation of data and operations in a class and the control of external programs' access to the members of the class through access control characters. The use of encapsulation can protect the security and integrity of data, improve the maintainability and extensibility of the program, and achieve the separation of interface and implementation, thus improving the flexibility and reusability of programming.

3. Inheritance
Inheritance is one of the fundamental features of object-oriented programming. Inheritance is a mechanism that allows a class (called a derived or child class) to inherit properties and methods from another class (called a base or parent class) and to extend new properties and methods on top of that. In C++, inheritance is achieved by a colon: after the keyword class or struct. The colon in a derived class declaration is followed by an access control character and the name of the base class, e.g:
class DerivedClass : public BaseClass {
   // ...
};
	Here public means the members of the base class inherited by the derived class are public in the derived class. other access control operators include private and protected. if no access control operator is specified, the default is private. the derived class can access the public and protected members it inherits from the base class, but cannot directly access the private members of the base class. In a derived class, if the base class and the derived class have member functions or variables with the same name, you can use the scope resolution operator :: to distinguish them, such as BaseClass::function().
Single and multiple inheritance are supported in C++. Single inheritance means that the derived class inherits only one base class, and multiple inheritance means that the derived class inherits multiple base classes. Multiple inheritance requires attention to avoid the problem of duality, which can be solved by using virtual inheritance. The derived class can overload the member functions inherited from the base class, or add new member functions. In a derived class, member functions and variables inherited from the base class can be accessed using the base class name and scope resolution operators, such as BaseClass::function().
C++ also supports virtual functions and polymorphism. Dummy functions are a mechanism that allows functions in the base class to be redefined in a derived class. Polymorphism means that the same operation can act on different objects and can behave differently. c++ implements polymorphism through the use of virtual functions and pointers or references.
Class inheritance is also used in many places in the parking system, as shown in the figure IDReader class is the parent class, the parent class contains the serial number and the identification method. idBarcodeReader class is the child class, the class inherits the properties of the parent class, you can use the identification method of the parent class for barcode identification.
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4. Polymorphism
	Polymorphism is a fundamental concept of object-oriented programming that allows different objects to respond to the same message in different ways. Polymorphism allows programs to be more flexible and extensible, while also improving maintainability and readability.
In C++, polymorphism can be implemented through virtual functions and pure virtual functions. A dummy function is a function defined in a base class that can be redefined in a derived class. Declaring a function as a virtual function allows the derived class to override the function, thus achieving polymorphism. When a pointer or reference to a base class object calls a dummy function, it is the function in the derived class that is actually executed, not the function in the base class. This behavior is known as dynamic binding or runtime polymorphism.
Alternatively, a purely virtual function is an unimplemented virtual function that is intended to be used by a derived class to implement its specific behavior. A purely virtual function can be marked by using =0 in the function declaration. If a class contains a pure virtual function, then it is an abstract class and cannot be instantiated. Abstract classes can be used as base classes and derived classes must implement all the pure virtual functions in the abstract class in order to be instantiated.
There are many benefits to using polymorphism. First, polymorphism allows different objects to be treated as the same type, thus increasing the flexibility of the program. Second, polymorphism can make programs easier to extend and maintain, because the program can be extended by defining new derived classes without modifying the existing code. In addition, polymorphism can improve the readability and comprehensibility of a program because the same name can be used to describe different behaviors.
When using polymorphism, some basic principles need to be followed. First, the function must be declared as a virtual function in the base class to achieve polymorphism. Second, the virtual functions must be overridden in the derived class with the same argument list and the same return type. Finally, try to set the member functions of the class as const member functions to avoid accidental modification of data members.
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Polymorphism is reflected in the implementation of the CarPark class, which contains references to other classes such as Barrier* entranceBarrier; bar IDReader *idReader; license plate recognition.
	Polymorphism is a fundamental concept of object-oriented programming in C++ that allows different objects to respond differently to the same message. Polymorphism can be implemented through virtual and pure virtual functions, which improves the flexibility and extensibility of programs, as well as their maintainability and readability. When using polymorphism, some basic principles need to be followed to ensure the correctness and reliability of the program.

5. Virtual functions
The definition of a virtual function is done in the base class. It is done by crowning the declaration of a member function in the base class that needs to be defined as a virtual function with the keyword virtual, thus providing a kind of interface interface. The definition of a virtual function is done as follows:
virtual return type function name (form reference list) {
    function body
}

	After a member function in the base class is declared as a virtual function, this virtual function can be redefined in one or more derived classes. When a virtual function is redefined in a derived class, its function prototype, including the return type, function name, number of arguments, and order of argument types, must be exactly the same as the prototype in the base class.
C++ specifies that if a virtual function declaration is not explicitly given in a derived class with virtual, the system will follow the following rules to determine whether a member function is a virtual function: whether the function has the same name, number of arguments, and corresponding argument types, return types, or pointer or reference return types that satisfy the assignment compatibility with the virtual function of the base class. The following are a few notes on the definition of virtual functions:
Since the use of virtual functions is based on the assignment compatibility rule, and the prerequisite for the assignment compatibility rule to hold is that the derived class derives from its base class publicly. Therefore, when using the polymorphism mechanism by defining a virtual function, the derived class must be derived publicly from its base class.
The virtual function must first be defined in the base class;
The keyword virtual may or may not be written when the derived class redefines a virtual function declared in the base class.
Although it is possible to call virtual functions by using object names and dot operators, e.g. mom.like() can call the virtual function Mother::like(). However, such calls are statically concatenated at compile time, which does not take full advantage of the features of virtual functions, and runtime polymorphism is only available when the virtual function is accessed through a base class pointer
A virtual function retains its virtual function identity no matter how many times it is inherited by the public.
A virtual function must be a member of its class, not a friend function, and not a static member function, because a virtual function call depends on a specific object to determine which function to activate.
Inline functions cannot be virtual functions because inline functions cannot be dynamically determined at runtime. Even if a dummy function is defined inside a class, it is still treated as non-inlined at compile time.
Constructors cannot be dummy functions, but destructors can be dummy functions, and are usually stated as such.
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Appendix
#pragma once
class Barrier{
protected:
	bool isUp; // 是否处于升起状态
public:
	Barrier() {};
	virtual void initStatus() = 0; // 初始化状态
	virtual void raise() = 0;
	virtual void lower() = 0;
};
#pragma once
#include "EntranceBarrier.h"
#include "ExitBarrier.h"
#include "FullSign.h"
#include "NumberplateReader.h"
#include "IDReader.h"
#include "Sensor.h"
class CarPark{

private:
	int capacity; //最大容量
	int freeSpaces; // 剩余空间
	// 对象引用
	Sensor sensor; // 传感器
	Barrier* entranceBarrier; // 栏杆
	Barrier* exitBarrier;
	FullSign fullSign; // 是否满了
	IDReader *idReader; // 车牌识别,,这里可以用多态,可扩展...

	list<string> numberPlateList; // 存车牌
	

public:
	CarPark(); //初始化capacity 和 freeSpaces
	void incrementSpaces(); // 增加剩余容量
	void decrementSpaces(); // 减少剩余容量
	int spaceLeft();  // 剩余空间

	void update();
};

#pragma once
#include "Barrier.h"
class EntranceBarrier:public Barrier{
public:
	EntranceBarrier();
	void initStatus(); // 初始化状态
	void raise() ;
	void lower();
};
#pragma once
#include "Barrier.h"
class ExitBarrier :public Barrier{
public:
	ExitBarrier();
	void initStatus(); // 初始化状态
	void raise();
	void lower();
};
#pragma once
class FullSign{
private:
	bool lightOn; 
public:
	FullSign();
	void initStatus(); // 初始化状态
	void switchOn(); // 开启已满灯光
	void switchOff(); // 关闭已满灯光
	bool getLightOn(); // 获取当前灯光状态
}
#pragma once
#include "IDReader.h"
// 条形码识别
class IDBarcodeReader:public IDReader{

};
#pragma once
#include <iostream>
using namespace std;

// 父类
class IDReader{
protected:
	// 序列号
	string serialNumber; 
public:
	// 识别方法
	virtual string read(string) = 0;

};

#pragma once
#include "IDReader.h"
#include <iostream>
#include <list>
using namespace std;
// 车牌识别
class NumberplateReader: public IDReader{

public:
	string read(string); // 识别车牌
};

#pragma once
class Sensor{

public:
	// 传感器识别汽车
	void carPresent();
};

#include "Barrier.h"
#include <iostream>
using namespace std

#include "CarPark.h"
#include "NumberplateReader.h"
#include <iostream>
#include <conio.h>
#include <stdlib.h>
using namespace std;

CarPark::CarPark() {
	// 初始化容量剩余空间
	this->capacity = 30;
	this->freeSpaces = 30;
	// 初始化状态
	this->entranceBarrier = new EntranceBarrier;
	this->exitBarrier = new ExitBarrier;
	this->entranceBarrier->initStatus();
	this->exitBarrier->initStatus();
	this->fullSign.initStatus();

	idReader = new NumberplateReader();

}

// 增加剩余容量
void CarPark::incrementSpaces() {
	freeSpaces++;
}
// 减少剩余容量
void CarPark::decrementSpaces() {
	freeSpaces--;
}
// 剩余空间
int CarPark::spaceLeft() {
	return freeSpaces;
}



void CarPark::update() {
	printf(" -----------------------------------------------------\n");
	printf(" |                                                   |\n");
	printf(" |   Welcome to the Parking Lot Management System    |\n");
	printf(" |    capacity:   %3d                                | \n", this->capacity);
	printf(" |    freeSpaces: %3d                                | \n", this->freeSpaces );
	printf(" |    fullSign:");
	fullSign.getLightOn() == 1 ? printf(" yes                                 |\n") : printf(" no                                   |\n");
	printf(" |    Please select the function you need            |\n");
	printf(" |           1.Entering the parking lot              |\n");
	printf(" |           2.Laving the parking lot                |\n");
	printf(" |           3.Check parking conditions              |\n");
	printf(" |                                                   |\n");
	printf(" -----------------------------------------------------\n");
	char op = getchar();
	if (op == '1') { // enter
		// 1. sensor perception 
		sensor.carPresent();

		// 判断容量
		if (fullSign.getLightOn()) {
			cout << "The parking lot is full and cannot be entered！" << endl;
		}else {
			// 2. 车牌识别
			string numberPlate;
			cout << "Please enter the license plate number: " << endl;
			cin >> numberPlate;
			idReader->read(numberPlate);
			// 3.判断车牌是否合法

			
			// 4.升栏杆,车进入停车场，落栏杆
			entranceBarrier->raise();
			cout << "car enter the parking lot..." << endl;
			entranceBarrier->lower();

			// 5. 车牌存储至系统
			numberPlateList.push_back(numberPlate);

			// 6.更新状态
			this->decrementSpaces(); // 剩余车位-1
			if (this->spaceLeft() == 0) { // 更改fullSign状态
				this->fullSign.switchOn();
			}
			cout << "finish" << endl;
		}
	}else if (op == '2') { // leave
		// 1. sensor perception 
		sensor.carPresent();
		// 2. 车牌识别
		string numberPlate;
		cout << "Please enter the license plate number: " << endl;
		cin >> numberPlate;
		idReader->read(numberPlate);

		// 3.升栏杆,车离开停车场，落栏杆
		exitBarrier->raise();
		cout << "car leave the parking lot..." << endl;
		exitBarrier->lower();

		// 4.删除车牌记录
		list<string>::iterator p1;
		bool isFind = false;
		for (p1 = numberPlateList.begin(); p1 != numberPlateList.end(); p1++) {
			if (numberPlate._Equal(*p1)) {
				isFind = true;
			}
		}

		// 5.更新状态
		if (!isFind) {
			cout << "Incorrect license plate input" << endl;
		}else {
			this->numberPlateList.remove(numberPlate);

			
			this->incrementSpaces(); // 剩余车位+1
			if (this->spaceLeft() > 0) { // 更改fullSign状态
				this->fullSign.switchOff();
			}
			cout << "finish" << endl;
		}
		
	}
	else if (op == '3') { // 查看状态
		printf(" capacity:   %3d    \n", this->capacity);
		printf(" freeSpaces: %3d   \n", this->freeSpaces);
		printf(" fullSign:");
		fullSign.getLightOn() == 1 ? printf(" yes  \n") : printf(" no  \n");
		cout << "The car in the current garage :" << endl;
		list<string>::iterator p1;
		for (p1 = numberPlateList.begin(); p1 != numberPlateList.end(); p1++) {
			cout << *p1 << " | ";
		}
		cout << endl;
	}
	cout  << endl;
	printf(" -----------------------------------------------------\n");
	cout  << endl;
	getchar();
	
	
	

	//system("cls");
}

#include "EntranceBarrier.h"
#include <iostream>
using namespace std;

EntranceBarrier::EntranceBarrier() {

}
// 初始化状态
void EntranceBarrier::initStatus() {
	this->isUp = false;
}

void EntranceBarrier::lower() {
	if (this->isUp) {
		this->isUp = false;
		cout << "entrance barrier is lower..." << endl;
	}
}

void EntranceBarrier::raise() {
	if (!this->isUp) {
		this->isUp = true;
		cout << "entrance barrier is raise..." << endl;
	}
}

#include "ExitBarrier.h"
#include <iostream>
using namespace std;

ExitBarrier::ExitBarrier() {

}
// 初始化状态
void ExitBarrier::initStatus() {
	this->isUp = false;
}

void ExitBarrier::lower() {
	if (this->isUp) {
		this->isUp = false;
		cout << "exit barrier is lower..." << endl;
	}
}

void ExitBarrier::raise() {
	if (!this->isUp) {
		this->isUp = true;
		cout << "exit barrier is raise..." << endl;
	}
}

#include "FullSign.h"
#include <iostream>
using namespace std;
FullSign::FullSign() {
	
}

void FullSign::initStatus() {
	this->lightOn = false;
}

// 开启已满灯光
void FullSign::switchOn() {
	if (!this->lightOn) {
		this->lightOn = true;
		cout << "switchOn fullSign" << endl;
	}
		
}

// 关闭已满灯光
void FullSign::switchOff() {
	if (this->lightOn) {
		this->lightOn = false;
		cout << "switchOff fullSign" << endl;
	}
		
}

// 获取当前灯光状态
bool FullSign::getLightOn() {
	return this->lightOn;
}

#include "IDBarcodeReader.h"
#include "IDReader.h"
#include "NumberplateReader.h"
#include <iostream>
using namespace std;

string NumberplateReader::read(string number) {
	this->serialNumber = number;
	cout << "identifying car license plates：" << number << endl;
	return serialNumber;
}


#include "Sensor.h"
#include <iostream>
using namespace std;
// 传感器识别汽车
void Sensor::carPresent() {
	cout << "sensors are recognizing cars..." << endl;
}
// carPark.cpp : 此文件包含 "main" 函数。程序执行将在此处开始并结束。
//


#include "CarPark.h"
#include <iostream>
#include <conio.h>
#include "NumberplateReader.h"
using namespace std;


int main(){


    CarPark* NCP = new(CarPark);
    for (int i = 0; i < 10; i++){
        NCP->update();
        //cout << i << ": polling carpark components and reacting to state" << endl;
        //_getch();
    }
    return 0;
}
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#include “FullSien.h"
#include “NumberplateReader. h*
#include " IDReader. b
#include "Sensor.h”

class CarPark{

private:
int capacity: //BATE
int freeSpaces: // BIAZIE
i HR3A
Sensor sensor: // fEEIE
Barrier® entranceBarrier; // 1£1F
Barriert exitBarrier
FullSign fullSien: // 2TEH T
IDReader *idReader: // MRS

list<string> numberPlatelist: // % i

public:
CarPark(): //¥f{capacity ¥ freeSpaces
wvoid incrementSpaces(): // BMAIRTE
wvoid decrementSpaces(): // WAL HAFER
int spaceleft(): // BIAZEE

void update ()
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