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[bookmark: _Toc133117480]1. Introduction
The size of software is gradually growing along with the advancement of computer science, going from the early days of a single program having a few hundred or thousand lines to the hundreds of thousands of lines of the era of personal computers. The enormous amount of code creates several difficulties, particularly when the enterprise's many practitioners must work together. There are many different places where functions and data definitions can be found, and repetitive functions are frequently created and built. It becomes difficult to reuse these routines without affecting how the parts are coupled. Programming languages known as object-oriented languages use objects as the foundation for their building blocks and make reference to the physical world (Zhou, 1996). In reality, objects are nouns. Things like an airplane, a table, the earth, and so on are examples of an object, which is a noun. Objects and object behavior will represent everything in a program. These days, the software development industry accepts this strategy broadly. The fundamental benefit of this strategy is that it enables programmers to package data and behavior into objects to produce modular, reusable, and maintainable code (Josuttis, 2012). In order to simulate the implementation of parking solutions, we use C++, one of the most well-liked programming languages that supports object orientation and includes a number of useful features like classes, abstract classes, composition and aggregation, inheritance, polymorphism, virtual methods, and storage structures. These characteristics are necessary for building reliable and effective apps.

The object-oriented characteristics of C++ will be used to design and build carpark solutions as well as to demonstrate how to implement classes, abstract classes, combination and aggregation, inheritance, polymorphism, virtual methods, and storage structures. The link between classes, including combination and aggregation, inheritance, and abstract classes will be illustrated first. Then, we'll go through some of C++'s object-oriented features, like polymorphism and virtual methods. The essential point, which will be discussed later, is storage structures. The optimum method for parking programs will be established as well as static and dynamic memory allocation in C++ data structures described.
[bookmark: _Toc133117481]2. Class and relationship between classes
There are frequently things of the same class in the actual world. Additionally, there are numerous alternative objects with similar properties in object-oriented software. As a result, these objects' shared traits can be utilized to form a collection just for them; this collection is known as a class. The variables and methods for all objects belonging to the same class are defined by a class, which is a blueprint or prototype. In essence, building a class serves as a guide for defining a data type. Although the class itself does not describe any data, it does specify the characteristics of the class object and the activities that can be carried out on it. A class definition starts with the keyword (class), which is followed by the class name. The class's body is enclosed in a pair of brackets (Alexandrescu, 2001). Either a list of declarations or a semicolon must come after the class definition. In essence, objects are produced based on classes since they serve as their blueprint. Declaring an object of a class is similar to declaring a basic type variable. Classes also come with attributes and methods. While an object's methods describe its operations, its properties describe the essence of the object. To further limit the attributes and methods in a class, you can utilize public and private. Public means that the properties and methods are available to the outside world and may be directly accessed or invoked, whereas private means that the content is private and can only be accessed or invoked by the members of the class. In general, a class's property members should be set to private, and functions and interfaces that can be used by outside parties should be reserved for public, but this is optional and can be changed as necessary. In the carpark solution, we created several classes, including CarPark, Barrier, Sensor, IDReader, FullSign, BarcodeReader and NumberplateReader.
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Image 1. Carpark

CarPark
The CarPark class represents our parking lot. It has several properties, including the capacity of the carpark, available empty parking spaces, sensor to detect vehicles, idReader to read employee ids, barrier, fullsign to light up when the car is full, and numberplateReader to read license plates. The class also has several methods, including the constructor to initialize the CarPark class, spacesLeft() to get available spaces, barRaise() to control the barrier, barDown, and barRaise() to control the bar. constructor, spacesLeft() to get available spaces, barRaise(), barDown to control the barrier, parkfull() to check if the car is parked, isValid() to verify if the car belongs to an employee, incrementSpaces() to increase and decrease spaces, and decrementSpaces(), addNumberPlate() and removeNumberPlate() for recording license plates and removing license plates. The class uses access modifiers to control access to data, makes the car's properties private, and uses methods as external interfaces.
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Image 2. Sensor

Sensor
The Sensor class represents the detection device in CarPark. It has two public methods to serve the external world. One is carPresent() to tell the sensor whether the vehicle is driving into or out of CarPark so that CarPark can make different actions. The other method is update() to update the sensor.

IDReader
The IDReader class represents the device in CarPark that reads employee IDs. This device is used to determine whether a vehicle belongs to an employee or not. This class has a protected vector and a map to record the license plate of the incoming vehicle and the id information of the employee, respectively. In addition, this class provides a read() method to identify if the employee is registered, which helps CarPark to verify if the vehicle is allowed to enter CarPark, and an update() method to update the map in the IDReader to add and modify the employee's registration information.
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Image 3.IdReader

Barrier
The Barrier class represents a bar in CarPark. It can block vehicles from entering CarPark or allow them to enter CarPark. it has three public methods to serve the public. One is raise() which raises the bar to allow vehicles to enter or leave the CarPark, and another method is down() which closes the bar after a car has passed through it. In addition, there is update() to update the barrier's status.
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Image 4.Barrier

FullSign
The FullSign class indicates that there is no available space in the CarPark or a full indicator, so to speak. It has three public methods to serve the external world. One is SwitchOn() to turn on the no-space indicator to inform the outside world that CarPark is full. Another method is SwitchOff() to turn off the lighted no-empty indicator. In addition, there is update() to update the fullsign situation.
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Image 5. Fullsign

[bookmark: _Toc133117482]2.1. Composition and Aggregation
There are two techniques to combine items to make more complex systems: composition and aggregation. A grouping in which one object is made up of several other objects is called an aggregate. A whole-part relationship is represented by an aggregate relationship. Typically, an aggregate connection is created between the whole class and the member classes after the whole class has been defined and its tenancy structure has been examined to identify certain member classes. In an aggregate connection, the member class is an integral element of the overall class, or vice versa, the member object is an integral part of the overall object but is not necessarily dependent on it. The link between entity objects is represented by aggregate relations, which denote the semantics that the whole is made up of its component components. Combination is a relationship in which one or more other items are a part of the original entity. The relationship between the whole and the part between classes is represented by a combinatorial relationship, but the part and the whole in this relationship have a uniform lifetime (Stroustrup, 1986). The part object and the entire object are mutually dependent; as soon as the whole thing vanishes, so does the part object. A combinatorial relationship means that the member class depends on the full class for its existence because it is a component of the complete class and can regulate its life cycle. The combination relation reflects the semantics that the total is made up of components, just like the aggregation relation does. The combination connection, on the other hand, is a unique sort of aggregation relationship with significant dependencies; if the whole disappears, the component also vanishes. Combinations and aggregations should be used to build well-structured, modular, and reuseable code. Circular dependencies between objects should also be avoided, and access modifiers should be used to manage data access. We employ composition and aggregation to build modular, reusable systems for the parking issue. The associated party may be independent of the associated party and have few dependencies, whereas the two classes (or entities) in the aggregation may stand alone and be unaffected by one another. A relationship is represented by aggregates. Combination indicates a portion of a relationship, while aggregation represents a relationship that only goes one way. Combination is a strong association link whereas aggregation is a weak one. Two classes (or entities) in an aggregation relationship do not have their lifecycles synchronized; on the other hand, two classes (or entities) in a combination relationship do.

[bookmark: _Toc133117483]2.2. Abstract Classes
An abstract class explains a class's behavior and functionality without completing the class's specific implementation. As a result, abstract classes cannot be instantiated. It simply serves as a starting point for building concrete classes that inherit from it. Abstract classes should be used to specify common behaviors and features that can be shared by several concrete classes, and they should be kept as simple and centralized as feasible. When constructing multi-level class inheritance relationships, a pure virtual function is a virtual function declared in a base class that does not define a concrete function body (operation content) in that base class, requiring derived classes to define their own version when needed. Declaring a method as an abstract method is the same as telling the compiler that the method is essential, but currently it is not possible to provide an implementation for it in the base class.

[bookmark: _Toc133117484]2.3. Inheritance
In object-oriented programming, inheritance is among the key ideas. The ability to define a class based on another class through inheritance makes it simpler to develop and maintain applications. This has the added benefit of allowing code functionality to be reused and increasing execution efficiency. You can simply specify that a new class inherits members from an existing class when creating a new one, eliminating the need to add new data members and member functions. The new class is known as a derived class, and the current class is known as the base class. A new class can be created using inheritance by deriving it from an existing class. The new class can either add new properties and methods or replace old ones; it inherits all of the existing class's attributes and methods. There are three sorts of access modifiers for classes that are descended from base classes: public, protected, and private. Typically, we use public to inherit rather than protected and private inheritance. when a class derives from a base class that is open to the public. The public members of the base class and the derived class are both public. The private members of the base class cannot be accessed directly by the derived class, but they can be accessed through the public and protected members of the base class (Wiener & Pinson, 1988). The protected members of the base class are also the protected members of the derived class. The public and protected members of the base class become the protected members of the derived class when a class derives from a protected base class. The public and protected members of the base class become the private members of the derived class when a class derives from a private base class. A child class in C++ is capable of multiple inheritance, or having many parents. The format of multiple inheritance is shown below, with base classes separated by commas. In the carpark solution, we use inheritance to create a class hierarchy with common behavior and properties. For example, the NumberPlateReader class and the BardCodeReader class both inherit from the IDReader class.

BardCodeReader
The BardCodeReader class inherits from the IDReader class and is the real class in the CarPark class for reading ids. It has two methods, read() and addID to read and add id. BardCodeReader overrides the read() method of the IDReader class and uses the map of the IDReader class to record the id information.
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Image 6. BardCodeReader

NumberPlateReader
The BardCodeReader class inherits from the IDReader class and is the actual class in the CarPark class that reads the ids. It has three methods. Among them, the read() method is used to read the license plate information. And addNumber() removedNumber() is used to add and remove the read license plate. NumberPlateReader also overrides the read() method of the IDReader class.
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Image 7. NumberPlateReader


[bookmark: _Toc133117485]2.4. Polymorphism
Polymorphism is a major feature of object-oriented programming languages, and virtual functions are the mechanism for implementing polymorphism. The basic notion is to use the base class to access functions defined by a derived class. Creating things with multiple forms through polymorphism is a technique. It enables the treatment of objects from various classes as though they were of the same class. As opposed to statically specified functions at compile time, polymorphism enables programs to invoke functions that are determined dynamically during runtime (Burrus et al., 2003). One of the most well-known examples of polymorphism implementation in C++ is the use of a pointer or reference to a base class type to point to a subclass object, which then invokes a customized virtual function copied by the subclass. In the carpark solution, we use polymorphism to create a flexible and scalable system.

[bookmark: _Toc133117486]3. Storage Structures and Memory Allocation 
[bookmark: _Toc133117487]3.1. Storage Structures
In the carpark solution we use vector and map as storage data structures to store license plate number and id information. vector is an object entity that can hold many other elements of the same type, and is therefore also called a container. Like string, vector is a custom data type in STL (Standard Template Library) and can be broadly considered as an enhanced version of array. vector container has the advantage over array in that it can automatically resize itself to accommodate the elements it wants to put in at any time as needed. A map is an associative container of the STL (Hourani et al., 2019). It can map any basic type to any basic type. map provides one-to-one data handling, storing data in key-value form, with its type defined by itself, the first being called the keyword and the second being the value of the keyword. We have used id as key and name as value to store using map.

[bookmark: _Toc133117488]3.2. Static memory allocation and dynamic memory allocation
The allocation of memory at build time is known as static memory. The memory's fixed size cannot be altered during runtime. At runtime, memory is allocated using dynamic memory allocation. Memory size can be altered while an application is running. To write effective, streamlined code and prevent memory leaks, best practices for memory allocation include adopting static memory allocation whenever possible (Dubois-Pelerin & Zimmermann, 1993). A dynamic memory allocation is a vector. It is used to keep track of license plate numbers.
[bookmark: _Toc133117489]4. Conclusion
Object-oriented languages are real-world programming languages that build elements based on objects. Everything in a program will be represented by objects and object behavior. This approach is now widely accepted in the field of software development. C++, the most popular object-oriented programming language, supports object orientation and offers various features such as classes, abstract classes, composition and aggregation, inheritance, polymorphism, virtual methods, and storage structures. We analyze how to use C++ to model the carpark solution and explain the difference between static and dynamic memory allocation in C++ data structures.
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class cSensor

{

public:

| bool carPresent(string inout);
®  void update(void);

private:
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class cIDReader

{
public:
virtual bool read(int x);
void update(int numberPlate, string name);
std::map<int, string> mmap;
private:
int serialNumber=0;
protected:

std: :vector<int> numberDB;
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class cBarrier

{

public:
void raise(void);
void down(void);
void update(void);

private:
| bool up;
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class cFullSign
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public:
void SwitchOn(void);
void SwitchOff(void);
void update(void);

private:
bool lightOn;
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class cBardCodeReader:public cIDReader
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public:
bool read(int x);
void addID(int x);
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class cNumberPlateReader :public cIDReader
{
public:

bool read(int x);

void addNumber(int x);

void removedNumber(int x);

.};
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class cCarPark

{

public:
cCarPark();
cCarPark(int x, cSensor sensor);
cCarPark(int x, cSensor sensor, cBardCodeReader idReader, cBarrier barrier, c

void incrementSpaces(void);

void decrementSpaces(void);

int spacesLeft(void);

void update(void);

void barRaise(void);

void barDown(void);

void parkFull(void);

bool present(string inout);

bool isValid(int id);

void addNumberPlate(int numberPlate);
®  void removeNumberPlate(int numberPlate);

private:
int capacity;
int freeSpaces = 0;
cSensor sensor;
cBardCodeReader idReader;
cBarrier barrier;
cFullSign fullSign;
cNumberPlateReader numberPlateReader;




