Assignment
In today's fast-paced world, the importance of an efficient parking lot system cannot be ignored. A well-designed parking lot system can save time and reduce frustration for drivers while providing a secure and organized parking experience. To meet the growing demand for effective parking lot management, the proposed project will include the design and implementation of a parking lot system that will consist of various classes such as Carpark, Barrier, Sensor, IDReader, and FullSign.

Project design is the process of creating a plan that outlines the goals, objectives, tasks, and resources necessary to complete a project. It involves identifying the scope of the project, defining the deliverables, determining the timeline and budget, and outlining the responsibilities of team members. A well-designed project plan sets clear expectations for everyone involved, establishes a roadmap for success, and ensures that the project stays on track. Whether you're working on a small or large-scale project, having a solid project design is essential for achieving your goals and delivering high-quality results.

When it comes to designing and implementing object-oriented solutions[1], there are various best practices that must be followed to ensure that the system functions optimally. These practices include the use of classes, abstract classes, composition and aggregation, inheritance, polymorphism, virtual methods, and storage structures.

In this report, we will analyze the project requirements for each of these classes, highlighting their attributes and methods that will ensure an efficient and secure parking lot system. The analysis will also include a brief overview of the purpose of each class and their role in the overall system. We will analyze each of these best practices and provide recommendations for their implementation in the parking lot system.

The Carpark class is the core of the parking lot system, as it is responsible for managing the capacity and availability of parking spaces. The Carpark class includes attributes such as capacity and freeSpaces, which represent the total number of spaces and the number of available spaces, respectively. Additionally, the Carpark class has methods such as incrementSpaces, decrementSpaces, and update, which are used to manage the number of available spaces in real-time. 

The incrementSpaces method is used to increase the number of available spaces when a vehicle enters the parking lot. This method ensures that the maximum capacity of the parking lot is not exceeded. On the other hand, the decrementSpaces method is used to decrease the number of available spaces when a vehicle leaves the parking lot. This method ensures that the available spaces are always up to date. The code for the incrementSpaces method and the incrementSpaces method is shown in the figure:
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The spacesLeft method is used to provide real-time information on the number of available parking spaces in the parking lot. This method is useful for drivers who are looking for parking spaces, as it helps them to quickly identify the areas where parking spaces are available.

The update method is used to update the Carpark class with the latest information regarding the availability of parking spaces. This method is typically used in conjunction with the Sensor and IDReader classes, which provide information on the presence of a vehicle in the parking lot.

The Barrier class is responsible for managing the entrance and exit of vehicles in the parking lot. The Barrier class includes attributes such as up, which indicates whether the barrier is in the raised or lowered position. Additionally, the Barrier class has methods such as raise, lower, and update, which are used to control the barrier's position in real-time.

The raise method is used to raise the barrier, allowing a vehicle to enter or exit the parking lot. The lower method is used to lower the barrier, preventing vehicles from entering or exiting the parking lot. The update method is used to update the Barrier class with the latest information regarding the position of the barrier. This method is typically used in conjunction with the Sensor and IDReader classes, which provide information on the presence of a vehicle in the parking lot. The code for the raise method is shown in the figure:
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The Sensor class is responsible for detecting the presence of a vehicle in a specific parking space. The Sensor class includes methods such as carPresent and update, which are used to detect the presence of a vehicle and update the Carpark and Barrier classes with the latest information.

The carPresent method is used to detect the presence of a vehicle in a specific parking space. This method is typically triggered when a vehicle enters or exits a parking space. The update method is used to update the Carpark and Barrier classes with the latest information regarding the presence of a vehicle. This method is typically called after the carPresent method is triggered.

The IDReader class is responsible for identifying and authenticating vehicles that enter or exit the parking lot. The IDReader class includes attributes such as serialNumber, which is used to identify the vehicle, and methods such as Read and update, which are used to authenticate the vehicle and update the Carpark and Barrier classes with the latest information.

The read method is used to read the serial number of the vehicle and authenticate it. If the vehicle is authorized to enter or exit the parking lot, the Barrier class is updated to allow the vehicle to enter or exit. If the vehicle is not authorized, the Barrier class is not updated, and the vehicle is not allowed to enter or exit. The code for the read method is shown in the figure:
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The update method is used to update the Carpark and Barrier classes with the latest information regarding the presence and authentication of a vehicle. This method is typically called after the Read method is triggered.

The FullSign class is responsible for displaying real-time information to drivers regarding the availability of parking spaces in the parking lot. The FullSign class includes attributes such as lightOn, which indicates whether the FullSign is on or off. Additionally, the FullSign class has methods such as SwitchOn, SwitchOff, and update, which are used to control the FullSign's status and update it with the latest information.

The SwitchOn method is used to turn on the FullSign, displaying real-time information to drivers regarding the availability of parking spaces in the parking lot. The SwitchOff method is used to turn off the FullSign, hiding the information from drivers. The update method is used to update the FullSign with the latest information regarding the availability of parking spaces in the parking lot. This method is typically called after the Carpark class is updated with the latest information regarding the availability of parking spaces.

Classes are the fundamental building blocks of object-oriented programming. They define the structure and behavior of objects in the system. To ensure that classes are well-designed and optimized for performance, it is important to follow certain best practices. First, classes should be designed with a single responsibility in mind. This ensures that each class is focused on a specific functionality and can be easily maintained and updated. Additionally, classes should be designed to be as simple as possible. This minimizes the complexity of the system and makes it easier to understand and debug.

Finally, classes should be designed to be as reusable as possible[2]. This allows the system to be easily extended and modified as new requirements arise. To achieve this, it is recommended to use interfaces and abstract classes to define common behaviors that can be shared across multiple classes.

Abstract classes are classes that cannot be instantiated directly. Instead, they serve as templates for creating concrete classes that implement specific functionality. In the parking lot system, abstract classes can be used to define common behaviors that are shared across multiple classes.

To ensure that abstract classes are well-designed and optimized for performance, it is important to follow certain best practices. First, abstract classes should be designed with a clear and well-defined purpose[3]. This ensures that the concrete classes that inherit from them are well-structured and focused on a specific functionality.

Additionally, abstract classes should define methods that are relevant to all concrete classes that inherit from them. This ensures that the behavior of the concrete classes is consistent and that the system is easy to understand and maintain.

Composition and aggregation are mechanisms for combining multiple objects into a single, more complex object. To ensure that composition and aggregation are well-designed and optimized for performance, it is important to follow certain best practices. First, it is recommended to use composition over inheritance whenever possible. This ensures that the system is more flexible and easier to maintain.

Additionally, it is important to carefully consider the relationship between the composed or aggregated objects and the object that they are combined into. This ensures that the system is well-structured and that the behavior of the objects is consistent and predictable.

Inheritance is a mechanism for creating new classes from existing classes. In the parking lot system, inheritance can be used to create specialized classes from more general classes.

To ensure that inheritance is well-designed and optimized for performance, it is important to follow certain best practices. First, it is recommended to use inheritance sparingly and only when necessary. This ensures that the system is more flexible and easier to maintain.

Additionally, it is important to carefully consider the relationship between the parent class and the child class. This ensures that the behavior of the child class is consistent with the parent class and that the system is well-structured and easy to understand.

Polymorphism is a mechanism for creating objects that can take on multiple forms. In the parking lot system, polymorphism can be used to create objects that have different behaviors depending on the context in which they are used.

To ensure that polymorphism is well-designed and optimized for performance, it is important to follow certain best practices. First, it is important to use polymorphism to make the system more flexible and extensible. This ensures that the system can adapt to new requirements without requiring significant changes to the existing code.

Additionally, it is important to carefully consider the types of objects that are used in the system and to ensure that they are designed to be polymorphic. This ensures that the behavior of the objects is consistent and predictable.

Virtual methods are methods that can be overridden by child classes. In the parking lot system, virtual methods can be used to define common behaviors that can be shared across multiple classes.

To ensure that virtual methods are well-designed and optimized for performance, it is important to follow certain best practices. First, virtual methods should be designed with a clear and well-defined purpose. This ensures that the behavior of the child classes is consistent and that the system is easy to understand and maintain.

Additionally, it is important to carefully consider the relationship between the parent class and the child class. This ensures that the behavior of the child class is consistent with the parent class and that the system is well-structured and easy to understand.

Storage structures are used to store and retrieve data in the system. In the parking lot system, storage structures can be used to store information about the parking lot, such as the number of free spaces and the location of parked cars.

To ensure that storage structures are well-designed and optimized for performance, it is important to follow certain best practices. First, it is recommended to use a database or other persistent storage mechanism to store data. This ensures that the data is safe and can be accessed even if the system crashes or is restarted.

Additionally, it is important to carefully consider the types of data that are stored in the system and to ensure that the storage structure is designed to be efficient and scalable. This ensures that the system can handle large amounts of data and that performance is not impacted.

Overall, the implementation of the parking lot system must follow the best practices outlined above to ensure that the system is well-designed and optimized for performance. Classes must be designed to have a single responsibility, be as simple as possible, and be reusable. Abstract classes should be well-defined and define methods that are relevant to all concrete classes that inherit from them. Composition and aggregation should be used over inheritance whenever possible, and polymorphism and virtual methods should be used to make the system more flexible and extensible. Finally, storage structures should be designed to be efficient and scalable to ensure that the system can handle large amounts of data. By following these best practices, the implementation of the parking lot system can be successful and meet the requirements of the project.

The classes in the parking lot system have relationships with each other. For example, the Carpark class is composed of Barrier, Sensor, and FullSign objects. The Barrier class controls access to the carpark and the Sensor class detects whether a car is present on the sensor. The FullSign class indicates whether the carpark is full.

The IDReader class is used to read the ID of a car, which is then used by the Carpark class to determine whether the car is authorized to enter the carpark. The Carpark class also updates the state of the Barrier, Sensor, and FullSign objects based on the number of available parking spaces.

Static memory allocation[4] and dynamic memory allocation[5] are two approaches for allocating memory in C++ data structures. Static memory allocation is used to allocate memory for objects that have a fixed size and are known at compile time. Static memory allocation is done at the time the program is compiled and the memory is allocated on the stack. The size of the memory is fixed, and the memory is automatically deallocated when the object goes out of scope.

Dynamic memory allocation, on the other hand, is used to allocate memory for objects that have a variable size or that are created at runtime. Dynamic memory allocation is done on the heap, and the memory is allocated using the new operator. The size of the memory is not fixed and can be determined at runtime. The memory must be manually deallocated using the delete operator when it is no longer needed.

In the context of the parking lot system, the best approach for memory allocation would be to use static memory allocation. The reason for this is that the size of the objects is fixed and known at compile time. The objects are also not created at runtime, but rather created when the program is initialized. Therefore, there is no need for the additional overhead of dynamic memory allocation.

In terms of data structures, the best approach would be to use an array to store the cars in the carpark. An array is a fixed-size collection of elements of the same type, which makes it a good choice for storing a fixed number of cars. The size of the array can be set to the capacity of the carpark, and the array can be used to keep track of which parking spaces are occupied and which are free.

In conclusion, the parking lot system is a complex system that requires careful consideration of the attributes, methods, and relationships between the classes. It is important to follow best practices when implementing the classes, including the use of abstract classes, composition and aggregation, inheritance, polymorphism, and virtual methods.

In terms of memory allocation, the best approach for the parking lot system is to use static memory allocation, as the size of the objects is fixed and known at compile time. For data structures, an array is the best approach for storing the cars in the carpark, as it is a fixed-size collection of elements of the same type. 

By carefully designing and implementing the classes and data structures, the parking lot system can be made efficient, robust, and easy to maintain. The proposed parking lot system is a complex system that consists of various classes such as Carpark, Barrier, Sensor, IDReader, and FullSign. Each class plays a critical role in ensuring an efficient and secure parking experience for drivers. The Carpark class is responsible for managing the availability of parking spaces, while the Barrier class is responsible for managing the entrance and exit of vehicles in the parking lot[6].

The Sensor class is responsible for detecting the presence of a vehicle in a specific parking space, while the IDReader class is responsible for identifying and authenticating vehicles that enter or exit the parking lot. Finally, the FullSign class is responsible for displaying real-time information to drivers regarding the availability of parking spaces in the parking lot.

To ensure that the parking lot system meets the project requirements, it is important to carefully design each class and ensure that the attributes and methods are optimized for efficiency and accuracy. Additionally, thorough testing should be conducted to ensure that the system is functioning as intended and meets the needs of drivers and parking lot operators[7].

[bookmark: _GoBack]Overall, an efficient and secure parking lot system can significantly improve the parking experience for drivers and reduce congestion and frustration. By implementing the proposed parking lot system, parking lot operators can increase revenue, reduce costs, and improve customer satisfaction.
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