


Content
Abstract	2
1.0	System Design	3
1.1 Class Design	3
1.2 Class Relationships	3
1.3 Class Diagram	3
1.4 Class Definition and Description	5
1.4.1 beautification class	5
1.4.2 vehicle class	6
1.4.3 truck class	6
1.4.4 bus class	6
1.4.5 car class	7
1.4.6 parking class	7
1.5 Design and Description of Functionality	7
1.5.1 Vehicle addition function	7
1.5.2 Vehicle Removal Function	8
1.5.3 Vehicle statistics function	8
1.5.4 Vehicle statistics function	9
1.6 The main function details	9
1.7 Experience with Running and Debugging	10
2.0 Analysis of Characteristics of Object-Oriented Programming	10
2.1 Implementation of Classes	10
2.2 Abstract Classes	11
2.3 Composition and Aggregation	12
2.4 Inheritance	12
2.5 Polymorphism	13
2.6 Virtual Methods	14
2.7 Storage Structures	14
3.0 Summarize	15



[bookmark: _Toc133101768]Abstract
This paper presents a C++ parking management system that is developed based on object-oriented principles. The system has various functions including parking lot management, vehicle entry and exit, and charging. The system is implemented using C++ programming language, and object-oriented design patterns are used, such as abstract classes, inheritance, and polymorphism. The development process was carried out using Visual Studio 2019, a widely used integrated development environment for C++ programming.


1.0 [bookmark: _Toc133101769]System Design
[bookmark: _Toc133101770]1.1 Class Design
(1) beautification class: Beautify
(2) vehicle class: Automobile
(3) truck class: Truck
(4) bus class: Bus
(5) car class: Car
(6) parking class: Park
[bookmark: _Toc133101771]1.2 Class Relationships
(1) vehicle class: base class
(2) truck class; bus class; car class: publicly inherited vehicle class
(3) beautification class; parking class: independent class
[bookmark: _Toc133101772]1.3 Class Diagram
Table 1  Class diagram of the beautification class
	Class name
	Beautify

	data members (protected)
	void print_cube(int i)
void ch_p(int i,char s)
void time(int i)
void changecolor(int i)
void loading()
void introduction_movie()
void afterward();



Table 2  Class diagram of the vehicle class 
	Class name
	Automobile

	data members (protected)
	char type
int intime
int outtime
char No
int year
float cost

	member functions (public)
	void setmoney()
float getmoney()
void settype()
int gettype()
void setintime()
int getintime()
void setouttime()
int getouttime()

	others
	Automobile()
virtual void pay()=0



Table 3  Class diagram of the truck class 
	Class name
	Truck

	data members (protected)
	double weight

	member functions (public)
	void pay()

	others
	Truck()
friend istream & operator>>(istream &s,Truck &e)



Table 4  Class diagram of the bus class 
	Class name
	Bus

	data members (protected)
	int pass

	member functions (public)
	void pay()

	others
	Bus()
friend istream & operator>>(istream &s,Bus &e)



Table 5  Class diagram of the car class 
	Class name
	Car

	data members (protected)
	double gasdis

	member functions (public)
	void pay()

	others
	Car()
friend istream & operator>>(istream &s,Car &e)



Table 6  Class diagram of the parking class 
	Class name
	Park

	data members (protected)
	int t
int a_money
int n_t,n_b,n_c
int n_ot,n_ob,n_oc
int check1

	member functions (public)
	int check()
void add()
void out()
void count()
void money()

	others
	Park()
Beautify b
Automobile *au[31]



[bookmark: _Toc133101773]1.4 Class Definition and Description
[bookmark: _Toc133101774]1.4.1 beautification class
class Beautify
{
public:
	void print_cube(int i)// Output grid to draw bar chart
	void ch_p(int i,char s)// a specified number of characters
	void time(int i)// function to adjust the speed
	void changecolor(int i)// Color-changing function
	void loading()//progress bar
	void introduction_movie()//opening animation
    void afterward()
};
[bookmark: _Toc133101775]1.4.2 vehicle class
class Automobile
{
protected:
	char type;
	int intime;
	int outtime;
	char No[15];
	int year;
	float cost;
public:
	Automobile()
	void setmoney(float x)
	float getmoney()
	void settype(int x)
	int gettype()
	void setintime(int x)
	int getintime()
	void setouttime(int x)
	int getouttime()
	virtual void pay()=0;
};
[bookmark: _Toc133101776]1.4.3 truck class
class Truck:public Automobile
{
	double weight;// tonnage
public:
	Truck()//initialize the class's data members
	void pay()//exit paywall
	friend istream & operator>>(istream &s,Truck &e)// operator overloading
};
[bookmark: _Toc133101777]1.4.4 bus class
class Bus:public Automobile
{
	int pass;
public:
	Bus()
	void pay()
	friend istream & operator>>(istream &s,Bus &e)
};
[bookmark: _Toc133101778]1.4.5 car class
class Car:public Automobile
{
	double gasdis;	
public:
	Car()
	void pay()
	friend istream & operator>>(istream &s,Car &e)
};
[bookmark: _Toc133101779]1.4.6 parking class[1]
class Park
{
	Beautify b;
	Automobile *au[31];// Vehicle class pointer used to indicate parking spot labels
	int t;// number of vehicles
	int a_money;
	int n_t,n_b,n_c;// Counting the Traffic Volume
	int n_ot,n_ob,n_oc;
	int check1;// receive the return value of the check() function
public:
	int check()//Finding the smallest available parking spot
	void add(Automobile *p,int t1)// add a vehicle
	void out(int m)
    void count()//displaying parking space status
	void money()//Total revenue earned
};
[bookmark: _Toc133101780]1.5 Design and Description of Functionality
[bookmark: _Toc133101781]1.5.1 Vehicle addition function
When a vehicle enters the parking lot, the vehicle addition function is used. First, the vehicle type needs to be selected. Currently, the program temporarily divides the vehicles into three categories: trucks, buses, and cars. After selecting the vehicle type, the detailed information of the vehicle needs to be entered. License plate number and years of usage are common information and need to be entered regardless of the vehicle type. The load capacity is unique to trucks, the number of passengers is unique to buses, and the displacement is unique to cars. When entering information, if the input content meets the requirements, the current information will be recorded and if there is another item to be entered, it will automatically proceed. If the input content does not meet the requirements, the user needs to re-enter the correct content when prompted with "Invalid input! Please re-enter." After entering all the information for a vehicle, the message "Press any key to continue" will appear. After pressing any key, the user can return to the main menu and perform the necessary operations.
[image: ]
Figure 1  Example diagram for adding a vehicle
[bookmark: _Toc133101782]1.5.2 Vehicle Removal Function
To remove a vehicle that is parked in the parking lot, the user is required to enter the parking spot number. If a vehicle is parked in the entered spot, the user will be prompted to enter the departure time. Once the input is complete, the detailed information of the vehicle will be displayed, including the charging standard and the actual amount to be charged. Finally, the user will be notified that the vehicle has left the parking lot. If there is no vehicle parked in the entered spot, the user will be notified of an incorrect spot number and returned to the main interface to continue their operation.
[image: ]
Figure 2  Example diagram for removing a vehicle
[bookmark: _Toc133101783]1.5.3 Vehicle statistics function
View Parking Status: This function displays the number of different types of vehicles parked in the parking lot and provides a visual representation of the parking lot with the location of each vehicle and its corresponding vehicle type. This feature is very convenient as it allows the user to quickly identify the location of a vehicle and its type.
[image: ]
Figure 3  Example diagram for vehicle statistics
[bookmark: _Toc133101784]1.5.4 Vehicle statistics function
View today's parking lot work overview. This feature allows users to view the overall situation of the parking lot's operations for the day. Users can view how many trucks, buses, and cars have entered the parking lot for the day and calculate the total number of vehicles that have entered the parking lot. Additionally, users can also view how many trucks, buses, and cars have left the parking lot, as well as the total number of vehicles that have left the parking lot. This feature provides a comprehensive overview of the day's operations and allows users to have a better understanding of the day's performance.
[image: ]
Figure 4  Example diagram of today's business status
[bookmark: _Toc133101785]1.6 The main function details
The partial code of the main program is shown below, and detailed code can be found in the Appendix section.
void main()
{
    Beautify b;// Defining a formatting class object
	Park park;// Defining the Park Object
	Truck *pt;// The definition of pointers for three types of vehicles
	Bus *pb;
	Car *pc;
	b.ch_p(32,' ');cout<<"resource loading……"<<endl;b.loading();//The call of progress bar
	b.ch_p(32,' ');cout<<" Loaded successfully!";b.time(500);
	system("cls");
	b.introduction_movie();//invoke opening animation
	while(1)// Loop input if the user enters incorrectly
	…
}
[bookmark: _Toc133101786]1.7 Experience with Running and Debugging
This design has provided extensive experience in operation and debugging. The program has added the functionality of entering vehicle license plate information and assigning parking spaces according to the vehicle type, thus improving the overall functionality of the program and making it more applicable to real-world scenarios. While ensuring that all basic functions are complete and fully operational, the interface of the parking lot management system has also been enhanced by distinguishing font colors for each menu level and using a more visually appealing font. The program also features a progress bar loading animation when launched and a welcoming effect for users, as well as an exit function upon completion of all operations, thereby increasing the program's overall integrity.
While some design ideas have been borrowed from other similar programs, developing the relevant functions and content remains a major challenge. The program aims to introduce as many practical and aesthetic functions as possible, contributing to its improvement and innovation. Although certain aspects of the program may still require refinement, future iterations will enhance its overall completeness.
[bookmark: _Toc133101787]2.0 Analysis of Characteristics of Object-Oriented Programming
[bookmark: _Toc133101788]2.1 Implementation of Classes
In the implementation of a class, member variables, and member functions can be restricted by access control modifiers, including public, protected, and private. Public means that the member can be accessed by all codes, protected means that it can only be accessed by the class and its derived classes, and private means that it can only be accessed by the class itself. This access control mechanism can effectively protect the data security of the class and the stability of the code.[2]
Finally, in C++, the implementation of classes needs to pay attention to the following points:
1. The naming of class name should comply with the naming convention to avoid conflicts with C++ keywords.
2. Data members should be as private as possible to avoid external access and modification.
3. The parameters of member functions should be passed as constant references as much as possible to improve the efficiency of the program.
4. The implementation of a class should be as concise and clear as possible to avoid code duplication and confusion.
[bookmark: _Toc133101789]2.2 Abstract Classes
In terms of advantages, abstract classes are highly flexible and extensible, which can improve code reusability and maintainability. The core idea of an abstract class is to encapsulate the specific implementation details in the implementation class and expose the abstract interface to the outside world. In this way, other classes can obtain the same functions as the implementation class by inheriting the abstract class and implementing the abstract methods in it. 
On the other hand, the disadvantage of abstract classes is that they may lead to excessive coupling between classes, thereby reducing the maintainability and scalability of the system. If the interface design of the abstract class is not reason enough, the coupling between the implementation classes may be too high, making the system difficult to maintain and expand. [3]
To make full use of the advantages of abstract classes and avoid their disadvantages in practice, we can adopt the following methods:
1. Make sure that the interface of the abstract class is well-designed and has unambiguous semantics. Try to avoid overly complex or abstract interface designs to facilitate the development and maintenance of the implementation class.
2. The interface design of the abstract class is closely combined with the requirements and architecture of the system to ensure the maintainability and scalability of the system.
3. Combine the interface design of abstract classes with other design patterns, such as factory patterns, strategy patterns, etc., to further reduce the coupling between implementation classes.
4. Try to avoid using too much inheritance and overloading in the implementation class to avoid overly complicated inheritance relationships and method call chains.
[bookmark: _Toc133101790]2.3 Composition and Aggregation
From the perspective of advantages, the combination relationship has stronger coupling and better encapsulation. The overall object in the composite relationship has stricter control over the partial objects, which can ensure the stability and reliability of the entire system. 
However, composite relationships also have some disadvantages. Its coupling degree is relatively high. If a problem occurs in one of the objects, the entire system will be affected.[4]
To take full advantage of the advantages of composition and aggregation relationships and avoid their disadvantages, we can adopt the following approach:
1. Choose composition and aggregation relationships as appropriate. If you need to ensure the stability and reliability of the entire system, you can choose a combination relationship; if you need more flexible modification and replacement, you can choose an aggregation relationship.
2. Maintain the encapsulation between objects, do not directly access the internal data of objects, but communicate through the interfaces between objects.
3. Minimize the coupling between the whole object and the part objects in the composite relationship. For example, design patterns such as the observer pattern can be used to achieve loose coupling between objects.
4. In composite relationships, avoid too deeply nested structures and keep them as simple as possible.
[bookmark: _Toc133101791]2.4 Inheritance
Inheritance is an important concept in object-oriented programming, which allows subclasses to inherit the properties and methods of the parent class, thereby reducing the duplication of code and improving the reusability of code.[5] However, there are a few things to keep in mind when using inheritance:
1. The level of inheritance should not be too deep: Too deep an inheritance level will lead to high coupling between classes, increase the complexity of the code, and is not conducive to program maintenance and upgrades. Therefore, you should try to keep the inheritance hierarchy as simple and flat as possible.
2. Inherited classes should conform to the single responsibility principle: that is, a class is only responsible for one function. If a class takes on multiple responsibilities, its subclasses will also take on these responsibilities, making the functions of the class too complex, which is not conducive to program maintenance and upgrades. Therefore, multiple inheritance and repeated inheritance should be avoided as much as possible.[6]
3. The relationship between a parent class and a child class should be an "is-a" relationship: that is, the child class is a special case of the parent class. If the relationship between subclasses and superclasses does not conform to the "is-a" relationship, then inheritance can lead to a confusing and unmaintainable code.
4. Inheritance should follow the Liskov substitution principle: that is, subclasses can replace any position of the parent class in the program, and the behavior of the program will not change. Inheritance can lead to buggy and unpredictable code if subclasses cannot fully replace parent classes.
5. Inheritance should avoid exposing the internal implementation of the parent class too much: if the subclass relies too much on the internal implementation of the parent class, then the modification of the parent class will affect the subclass, resulting in code fragility and unmaintainability.
[bookmark: _Toc133101792]2.5 Polymorphism
Static polymorphism refers to function overloading and operator overloading, which can determine the actual function or operator being called at compile time. The advantage of static polymorphism is high efficiency, because the compiler can determine the calling method of the function or operator at compile time, and does not need to perform additional checks and conversions at run time. However, the disadvantage of static polymorphism is that it is not flexible enough to dynamically determine the calling method according to the actual situation at runtime.
Dynamic polymorphism refers to virtual functions and abstract classes, which can only determine the actual function to be called at runtime. The advantage of dynamic polymorphism is that it has high flexibility, can dynamically determine the calling method according to the actual situation at runtime, and has better scalability and maintainability. However, the disadvantage of dynamic polymorphism is low efficiency, because additional checks and conversions are required at runtime, which increases the overhead of the code.[7]
Using polymorphism can make your code more flexible, extensible, and maintainable. However, you need to pay attention to the following aspects:
1. The number of virtual functions should be controlled within a reasonable range, too many virtual functions will reduce the complexity and efficiency of the code.
2. The use of virtual functions should comply with the Liskov substitution principle. When a subclass overrides the virtual function of the parent class, the behavior of the function cannot change.
3. The design of an abstract class should conform to the single responsibility principle, and an abstract class should only define one abstract concept.
4. The design of the interface should be simple and clear, try to avoid too many interfaces, so as not to increase the complexity of the code and the difficulty of maintenance.
[bookmark: _Toc133101793]2.6 Virtual Methods
The advantage of virtual methods is that it provides a flexible and extensible way of implementing code. When a class defines a virtual method, it allows subclasses to override this method to implement new or different functions without changing the code of the original class. This approach can improve the scalability and maintainability of the code.
The downside of virtual methods is that it increases the runtime and memory overhead of your code. Because the actual method being called needs to be determined dynamically at runtime, additional checks and conversions are required. This approach increases code execution time and memory usage.[8]
Specifically, the following aspects need attention:
1. The number of virtual methods should be controlled within a reasonable range, too many virtual methods will lead to reduced code complexity and efficiency.
2. When a subclass overrides the virtual method of the parent class, the behavior of the function cannot be changed, otherwise, the Liskov substitution principle will be violated.
3. The use of virtual methods should conform to the Single Responsibility Principle, each method should only deal with one abstraction.
4. Try to avoid using virtual methods in constructors and destructors, because the calling behavior of virtual methods in these functions is undefined.
[bookmark: _Toc133101794]2.7 Storage Structures
For best practice recommendations for storage structures, here are some common ones:
1. Use the correct data structure: choose the data structure that best suits the specific situation, for example, for the case where frequent search operations are required, it may be more appropriate to use a hash table or binary search tree, while for frequent insertion and deletion operations In some cases, a linked list may be more appropriate.[9]
2. Minimize memory footprint: To avoid wasting memory, you should choose data structures that minimize memory footprint. For example, in some cases, it is more efficient to use an array than a linked list, because an array only needs to store a pointer to an object, whereas a linked list needs to store a pointer for each node.
3. Consider algorithmic complexity: Algorithmic complexity also needs to be considered when choosing a storage structure. For example, in the case where the data needs to be sorted, quick sort may be a better choice than bubble sort, because the time complexity of quick sort is O(nlogn), while the time complexity of bubble sort is O(n^2 ).
[bookmark: _Toc133101795]3.0 Summarize
When designing this parking lot management system in the future, the following aspects need to be considered:
1. Abstract the basic classes and objects: such as vehicle class, parking space class, parking record class, etc. You need to identify the properties and methods of each class and consider the relationships between them.
2. Use inheritance and polymorphism: For example, the vehicle class can be used as a base class to derive car classes, motorcycle classes, etc. At the same time, different types of vehicles can be handled conveniently by using polymorphism.
3. Use interface: For example, the parking space class can define a ParkingSpace interface, including methods such as entering the parking lot and leaving the parking lot, to facilitate the management of vehicle entry and exit.
4. Use combination and aggregation: For example, the parking lot class can be composed of multiple parking spaces, and the relationship between parking lots and parking spaces can be realized by using combination or aggregation.
5. Use virtual methods: For example, a vehicle class can define a virtual method getFee(), which can be overloaded in derived classes to realize the charging methods of different types of vehicles.
6. Optimal storage structure: Since the parking lot management system requires frequent operations such as vehicle entry and exit and billing, it is necessary to select a suitable data structure to store and manage vehicle information. For example, you can use the queue or list provided by STL to manage the vehicles in the parking lot.
When implementing this parking lot management system in the future, the following aspects need to be paid attention to:
1. Code readability and maintainability: the code needs to be clear and easy to understand, and the comments and naming conventions should be standardized.
2. Exception handling: For possible abnormal situations, appropriate handling methods need to be considered to ensure the stability and security of the program.
3. Resource management: For situations involving dynamic memory allocation, it needs to be handled carefully to avoid problems such as memory leaks.
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Appendix 1
#include<iostream>
#include<stdlib.h>
#include<string.h>
#include<windows.h>
#include<iomanip>
#include<conio.h>
using namespace std;
//美化类
class Beautify
{
public:
	void print_cube(int i)//输出方格绘制柱状图
	{
		for(int j=0;j<i;j++)
			cout<<"■";
	}

	void ch_p(int i,char s)//指定数目的字符
	{
		for(int j=0;j<i;j++)
			cout<<s;
	}
	void time(int i)//调节快慢的函数
	{
		Sleep(i);
	}
	void changecolor(int i)//变色函数
	{
		for(int j=0;j<i;j++)
		{
			system("color 08");
			system("color 09");
			system("color 0B");
			system("color 0C");
			system("color 0D");
			system("color 0E");
			system("color 0F");
			system("color 0A");
		}
	}	
	void loading()//进度条
	{
		for(int j=0;j<75;j++)
		{
			cout<<"["<<(j*100)/74<<"%]";ch_p(j,'>');time(70);//将75份成100分输出进度
			cout<<"\r";
		}
	}
	void introduction_movie()//开场动画
	{
		ch_p(80,'*');
		cout<<endl;
		for(int i=0;i<=29;i++)// 往前走效果
		{
			ch_p(i,' ');
			cout<<"GYX Parking Management System";
			time(50);
			cout<<"\r";
		}
		cout<<endl;
		for(int j=69;j>=33;j--)// 往后走效果
		{
			ch_p(j,' ');
			cout<<"Welcome to use";
			time(50);
			cout<<"\r";
		}
		cout<<"\n\n";
		ch_p(80,'*');
		changecolor(7);
		system("color 0A");
		time(2000);
		system("cls");
	}
    void afterward()
	{
		system("cls");
		cout<<endl<<endl<<endl;
		ch_p(36,' ');cout<<"thanks for using!"<<endl;
		cout<<"\n\n";
		for(int i=0;i<=25;i++)
		{
			ch_p(i,' ');cout<<">>>------ParkSystem----->\r";time(70);
		}
		system("cls");cout<<"\n\n";
		ch_p(25,' ');cout<<"         *   *   *   *"<<endl;
		ch_p(25,' ');cout<<"        *     * *     *"<<endl;
		ch_p(25,' ');cout<<"       *  ★   *  ★   *"<<endl;
		ch_p(25,' ');cout<<"        *      ★     * "<<endl;
		ch_p(25,' ');cout<<">>>--------ParkSystem----->"<<endl;
		ch_p(25,' ');cout<<"          *         *"<<endl;
		ch_p(25,' ');cout<<"           *  ★   *"<<endl;
		ch_p(25,' ');cout<<"            *     *"<<endl;
		ch_p(25,' ');cout<<"             *   *"<<endl;
		ch_p(25,' ');cout<<"              * *"<<endl;
		ch_p(25,' ');cout<<"               *"<<endl;time(2000);
		system("cls");
		cout<<"\n\n\n\n\n";
		ch_p(33,' ');cout<<"┏━━┳━━┓"<<endl;
		ch_p(33,' ');cout<<"┃  ━╋┓┏┛"<<endl;
		ch_p(33,' ');cout<<"┃  ━┫┃┃"<<endl;
		ch_p(33,' ');cout<<"┗━━┛┗┛"<<endl;
		ch_p(33,' ');cout<<"     Produced by GYX"<<endl;
		changecolor(9);
		system("cls");cout<<"\n\n\n\n\n";
		ch_p(29,' ');cout<<"┏━━┳┓┏┳━━┓"<<endl;
		ch_p(29,' ');cout<<"┃ ━ ┃┗┛┃  ━┫"<<endl;
		ch_p(29,' ');cout<<"┃ ━ ┣┓┏┫  ━┫"<<endl;
		ch_p(29,' ');cout<<"┗━━┛┗┛┗━━┛"<<endl;
		changecolor(9);
	}
};
//车辆类
class Automobile
{
protected:
	char type;
	int intime;
	int outtime;
	char No[15];
	int year;
	float cost;
public:
	Automobile()
	{
		cost=0;
	}
	void setmoney(float x)
	{
		cost=x;
	}
	float getmoney()
	{
		return cost;
	}
	void settype(int x)
	{
		type=x;
	}
	int gettype()
	{
		return type;
	}
	void setintime(int x)
	{
		intime=x;
	}
	int getintime()
	{
		return intime;
	}
	void setouttime(int x)
	{
		outtime=x;
	}	
	int getouttime()
	{
		return outtime;
	}
	virtual void pay()=0;
};
//卡车类
class Truck:public Automobile
{
	double weight;//吨位
public:
	Truck()//初始化数据成员
	{
		strcpy_s(No,"");
		year=0;
		weight=0;
	}
	void pay()//离开付费
	{
		setmoney(2*(getouttime()-getintime()));
		cout<<"this is the truck"<<endl;
		cout<<">number plate:"<<No<<endl;
		cout<<">Years used:"<<year<<"Year"<<endl;
		cout<<">load capacity:"<<weight<<"t"<<endl;
		cout<<">Charge standard: 2 yuan / hour"<<endl;
		cout<<"Fee to be paid:"<<getmoney()<<"yuna"<<endl;
	}
	friend istream & operator>>(istream &s,Truck &e)//运算符重载
	{

		cout<<"Please enter the license plate number:";//录入车牌号
		while(1){//输错了循环输入
		s>>e.No;//输入车牌号
		if(strlen(e.No)>0&&strlen(e.No)<=10)//判断是否合法
			break;
		else//不合法输出提示
			cout<<"Entering the license plate number is illegal! Re-enter\a:";
		}
		cout<<"Please enter the number of years used (integer data):";//录入年数
		while(1){//输错了循环输入
		s>>e.year;//先存入临时变量
		if(e.year>=0&&e.year<=500)//判断合法性
			break;
		else//输错了提示
			cout<<"The number of years entered is not true! Re-enter\a:";
		}
		cout<<"Please enter load capacity:";//录入排气量
		while(1){//输错了循环输入
		s>>e.weight;//存入临时变量
		if(e.weight>=0)//判断合法性
			break;
		else//输错提示
			cout<<"The input load is not true! Re-enter\a:";
		}
		return s;
	}
};
//公共汽车
class Bus:public Automobile
{
	int pass;
public:
	Bus()
	{
		strcpy_s(No,"");
		year=0;
		pass=0;
	}
	void pay()
	{
		setmoney(1.5*(getouttime()-getintime()));
		cout<<"this is a bus"<<endl;
		cout<<">number plate:"<<No<<endl;
		cout<<">Years used:"<<year<<"Year"<<endl;
		cout<<">Number of people:"<<pass<<"people"<<endl;
		cout<<">Charge standard: 1.5 yuan / hour"<<endl;
		cout<<"Fee to be paid:"<<getmoney()<<"yuan"<<endl;
	}
	friend istream & operator>>(istream &s,Bus &e)
	{

		cout<<"Please enter the license plate number:";
		while(1){
		s>>e.No;
		if(strlen(e.No)>0&&strlen(e.No)<=10)
			break;
		else
			cout<<"Entering the license plate number is illegal! Re-enter\a:";
		}
		cout<<"Please enter the number of years used (integer data):";
		while(1){
		s>>e.year;
		if(e.year>=0&&e.year<=500)
			break;
		else
			cout<<"The number of years entered is not true! Re-enter\a:";
		}
		cout<<"Please enter the number of passengers:";
		while(1){
		s>>e.pass;
		if(e.pass>=0&&e.pass<=100)
			break;
		else
			cout<<"The number of passengers entered is not true! Re-enter\a:";
		}
		return s;
	}
};
//小轿车
class Car:public Automobile
{
	double gasdis;	
public:
	Car()
	{
		strcpy_s(No,"");
		year=0;
		gasdis=0;
	}
	void pay()
	{
		setmoney(getouttime()-getintime());
		cout<<"this is a coupe"<<endl;
		cout<<">number plate:"<<No<<endl;
		cout<<">Years used:"<<year<<"Year"<<endl;
		cout<<">Number of people:"<<gasdis<<"L"<<"people"<<endl;
		cout<<">Charge standard: 1 yuan / hour"<<endl;
		cout<<"Fee to be paid:"<<getmoney()<<"yuan"<<endl;
	}
	friend istream & operator>>(istream &s,Car &e)
	{

		cout<<"Please enter the license plate number:";
		while(1){
		s>>e.No;
		if(strlen(e.No)>0&&strlen(e.No)<=10)
			break;
		else
			cout<<"Entering the license plate number is illegal! Re-enter\a:";
		}
		cout<<"Please enter the number of years used (integer data):";
		while(1){
		s>>e.year;
		if(e.year>=0&&e.year<=500)
			break;
		else
			cout<<"The number of years entered is not true! Re-enter\a:";
		}
		cout<<"Please enter displacement:";
		while(1){
		s>>e.gasdis;
		if(e.gasdis>=0)
			break;
		else
			cout<<"The input exhaust volume is not true! Re-enter\a:";
		}
		return s;
	}
};
//停车类
class Park
{
	Beautify b;
	Automobile *au[31];//车类指针，用来表示车位标签
	int t;//车数量
	int a_money;
	int n_t,n_b,n_c;//统计车流量
	int n_ot,n_ob,n_oc;
	int check1;//接收check()函数返回值
public:
	Park()//构造函数
	{
		for(int i=0;i<30;i++)
			au[i]=NULL;
		t=0;
		a_money=n_t=n_b=n_c=0;
		n_ot=n_ob=n_oc=0;
	}
	int check()//查找车位为空的最小号
	{
		int i=0;
		for(i=0;i<t;i++)
			if(au[i]==NULL)
				return i;
			return i;//(i+1)号车为空;
	}
	void add(Automobile *p,int t1)//增加车辆
	{
		int x=0;//进入时间
		if(t>=30)
			cout<<"parking lot is full!"<<endl;
		else
		{
			cout<<"Please enter the entry time (24 hours format):";
			while(1){//输错了可以循环输入
			cin>>x;
			if(x>=0&&x<=24)//判断时间是否合理
			{
				p->setintime(x);
				break;
			}
			else
				cout<<"Input error, re-enter\a:";}
			p->settype(t1);
			if(t1=='1')//统计进入车辆数目
			n_t++;
			if(t1=='2')
			n_b++;
			if(t1=='3')
			n_c++;
			check1=check();
			au[check1]=p;//将车停放在车位号最小的空车位
			t++;//车辆数+1
			cout<<"The vehicle has entered the No."<<check1+1<<"parking space!"<<endl;
		}
	}
	void out(int m)
	{	
		int x=0;//离开时间
		if(t<=0)//判断车辆数
			cout<<"parking lot is empty!"<<endl;
		else if(au[m-1]==NULL)//判断具体车位是否有车
			cout<<"The parking space is empty, please check!\a"<<endl;
		else
		{
			cout<<"Please enter the departure time (24 hours format):";
			while(1){//输错了可以循环输入
			cin>>x;
			if(x<0||x>24||x<au[m-1]->getintime())
				cout<<"Input error! Please re-enter:\a"<<endl;
			else{
			au[m-1]->setouttime(x);
			au[m-1]->pay();
			if(au[m-1]->gettype()=='1')//统计出场车辆数目
			n_ot++;
			if(au[m-1]->gettype()=='2')
			n_ob++;
			if(au[m-1]->gettype()=='3')
			n_oc++;
			a_money+=au[m-1]->getmoney();//钱数增加
			delete au[m-1];//清空开走车的记录释放内存
			au[m-1]=NULL;//标识该车位空闲
			t--;//车辆数减少
			cout<<"vehicle has left!"<<endl;break;}
			}
		}
	}
    void count()//显示车位情况
	{
		Beautify b;
		if(t<=0)
	    cout<<"parking space is empty!"<<endl;
	    else
		{
		int T=0,B=0,C=0;
		for(int i=0;i<30;i++)
		{
			if(au[i]!=NULL)
			{
			if(au[i]->gettype()=='1')
			T++;
			if(au[i]->gettype()=='2')
			B++;
			if(au[i]->gettype()=='3')
			C++;
			}

		}
		cout<<">A total of"<<(T+B+C)<<"vehicles"<<endl;
		cout<<"The following is the vehicle statistics chart\n";
		cout<<">truck:"<<T<<"┃";b.print_cube(T);cout<<endl;
		cout<<">bus:"<<B<<"┃";b.print_cube(B);cout<<endl;
		cout<<">car:"<<C<<"┃";b.print_cube(C);cout<<endl;
		cout<<">Current parking situation preview:"<<endl<<endl;
		b.ch_p(7,' ');
		for(int k=0;k<30;k++)//输出停车场示意图美化效果
		{
			cout<<"  [";cout<<setw(2)<<k+1;cout<<"][";
			if(au[k]==NULL)
				cout<<" ";
			else if(au[k]->gettype()=='1')
				cout<<"T";
			else if(au[k]->gettype()=='2')
				cout<<"B";
			else if(au[k]->gettype()=='3')
				cout<<"C";
			cout<<"]  ";
			if((k+1)%6==0)
			{
				cout<<endl;
				b.ch_p(7,' ');
			}
		}cout<<endl;
		}
	}
	void money()//总计赚的钱数
	{
		cout<<"current income:"<<a_money<<"Yuan"<<endl;
		cout<<">The number of trucks that have entered:"<<n_t<<endl;
		cout<<">The number of buses that have entered:"<<n_b<<endl;
		cout<<">The number of cars that have entered:"<<n_c<<endl;
		cout<<"Enter the total number of vehicles:"<<(n_t+n_b+n_c)<<endl;
		cout<<">Number of trucks that have left:"<<n_ot<<endl;
		cout<<">Number of buses that have left:"<<n_ob<<endl;
		cout<<">Number of cars that have left:"<<n_oc<<endl;
		cout<<"Total number of vehicles departing:"<<(n_ot+n_ob+n_oc)<<endl;
	}
};
void main()
{
    Beautify b;//定义美化类对象
	Park park;//定义Park对象
	Truck *pt;//定义三种车的指针
	Bus *pb;
	Car *pc;
	b.ch_p(32,' ');cout<<"resource loading……"<<endl;b.loading();//进度条的调用
	b.ch_p(32,' ');cout<<" Loaded successfully!";b.time(500);
	system("cls");
	b.introduction_movie();//调用开场动画
	while(1)//输错了循环输入
	{
		system("cls");system("color 0E");//主菜单颜色为黄
		b.ch_p(80,'*');cout<<endl;
		b.ch_p(32,' ');cout<<"vehicle entry    <1>"<<endl;
		b.ch_p(32,' ');cout<<"vehicle exit    <2>"<<endl;
		b.ch_p(32,' ');cout<<"statistics vehicle    <3>"<<endl;
		b.ch_p(32,' ');cout<<"today's turnover    <4>"<<endl;
		b.ch_p(32,' ');cout<<"exit system    <5>"<<endl;cout<<endl;
		b.ch_p(80,'*');cout<<"please select an option:";
		char op;
		op=_getche();
		cout<<endl;
		switch(op)
		{
		case '1':
			
			system("color 0D");b.ch_p(80,'=');cout<<endl;//二级菜单颜色为紫
			b.ch_p(32,' ');cout<<"truck        <1>"<<endl;
			b.ch_p(32,' ');cout<<"bus        <2>"<<endl;
			b.ch_p(32,' ');cout<<"car        <3>"<<endl;cout<<endl;
			b.ch_p(80,'=');//菜单收尾
			cout<<"Please select vehicle type:";
			char ty;
loop:		ty=_getche();
			cout<<endl;
			b.ch_p(80,'-');system("color 0B");//三级菜单为绿
			switch(ty)//选择类型开辟内存
			{
			case '1':
				pt=new Truck;
				cin>>*pt;
				park.add(pt,ty);
				b.ch_p(80,'-');
				break;
			case '2':
				pb=new Bus;
				cin>>*pb;
				park.add(pb,ty);
				b.ch_p(80,'-');
				break;
			case '3':
				pc=new Car;
				cin>>*pc;
				park.add(pc,ty);
				b.ch_p(80,'-');
				break;
			default:
				cout<<"Input error, please re-enter!"<<endl;
				goto loop;
			}
			system("pause");
			break;
		case '2':
			system("color 0D");b.ch_p(80,'=');//二级菜单颜色为紫
			cout<<"Please enter the parking space offered:";
			int m;
			cin>>m;
			park.out(m);
			b.ch_p(80,'=');//菜单收尾
			system("pause");
			break;
		case '3':
			system("color 0D");b.ch_p(80,'=');//二级菜单颜色为紫
			park.count();
			b.ch_p(80,'=');//菜单收尾
			system("pause");
			break;
		case '4':
            system("color 0D");b.ch_p(80,'=');//二级菜单颜色为紫
			park.money();
			b.ch_p(80,'=');//菜单收尾
			system("pause");
			break;
		case '5':
			b.afterward();
		    exit(0);break;
		default:
			cout<<"\nInput errors, please re-enter!\a"<<endl;
			system("pause");
		}
	}
}

Appendix 2
//{{NO_DEPENDENCIES}}
// Microsoft Developer Studio generated include file.
// Used by Script1.rc
//
#define IDI_ICON1                       101

// Next default values for new objects
// 
#ifdef APSTUDIO_INVOKED
#ifndef APSTUDIO_READONLY_SYMBOLS
#define _APS_NEXT_RESOURCE_VALUE        102
#define _APS_NEXT_COMMAND_VALUE         40001
#define _APS_NEXT_CONTROL_VALUE         1000
#define _APS_NEXT_SYMED_VALUE           101
#endif
#endif
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