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1. [bookmark: _Toc203729193]Introduction
This report provides a comprehensive analysis of a car park management system developed using Object-Oriented Programming (OOP) principles in Java. The purpose of this system is to simulate and manage car park operations through modular, maintainable, and scalable software design. The project comprises two main deliverables: the codebase (Task 1), which includes Main.java and CarParkTest.java, and this technical report (Task 2), which evaluates the design, structure, and future extensibility of the application. The following report explores how core OOP concepts have been applied, how the system is architected, how testing ensures robustness, and what future developments could further enhance the system’s capabilities.

2. [bookmark: _Toc203729194]Object-Oriented Principles in the Car Park System
The implementation of the car park management system strongly adheres to the foundational principles of object-oriented programming: encapsulation, abstraction, inheritance, and polymorphism. These principles contribute to software that is more modular, reusable, and easier to understand and maintain.
Encapsulation ensures that each class has complete control over its own data. In the CarPark class, private fields such as capacity, freeSpaces, and carIDs are protected from direct external access. Instead, they are manipulated through well-defined methods like incrementSpaces(), decrementSpaces(), and spacesLeft(), ensuring a controlled and predictable data flow.
Abstraction is applied by exposing only the necessary functionality through public methods. For example, external components interacting with the CarPark class are not concerned with how space calculations or internal lists work—they only need to use methods like update().
Although inheritance and polymorphism are not explicitly implemented in the current version of the system, the architecture allows for easy integration of these features. For instance, future implementations could introduce a Vehicle superclass with subclasses like Car, Truck, and Motorcycle, each overriding a method such as getSpaceRequirement().

3. [bookmark: _Toc203729195]Detailed System Architecture
The system is designed around several key components, as suggested by the UML diagram. These include CarPark, Sensor, Barrier, IDReader, and FullSign. Each component is responsible for a specific aspect of the system’s functionality, following the Single Responsibility Principle (SRP).
CarPark acts as the central controller. It maintains a list of car IDs currently within the facility and tracks available space. Its methods handle space adjustment, validation, and the update logic that simulates cars entering and leaving.
Sensor is responsible for detecting the presence of vehicles. It provides input to the car park system, which then decides whether to admit a vehicle based on current capacity.
IDReader reads and verifies the car’s identity. It prevents the duplication of vehicle entries by validating each car’s unique identifier before allowing access.
Barrier handles the physical admission of vehicles. It raises when a car is admitted and lowers after the car has passed. Its state changes are dependent on signals from the car park’s decision-making process.
FullSign is a simple output mechanism that alerts incoming drivers when the car park has reached full capacity. It acts based on the value of freeSpaces in the CarPark class.
The class diagram demonstrates how these components are connected. CarPark uses composition to contain instances of other classes, resulting in a tightly coordinated but loosely coupled design. This allows each component to evolve independently while still collaborating effectively.
In a potential expansion of this architecture, we could introduce inheritance. For example, different types of barriers (e.g. automatic vs manual) could inherit from a Barrier superclass. Similarly, different sensor types could be implemented through a common Sensor interface, allowing polymorphic interaction depending on the deployment environment.

4. [bookmark: _Toc203729196]Analysis of Main.java
The Main class serves as the entry point to the application. Its primary role is to instantiate the car park and simulate ten update cycles by invoking carPark.update(). This is done within a loop to represent the progression of time or system activity.
public class Main {
    public static void main(String[] args) {
        CarPark carPark = new CarPark(3);

        for (int i = 0; i < 10; i++) {
            carPark.update();
            System.out.println("Cycle " + i + " complete.\n");

            try {
                System.in.read();
            } catch (Exception e) {
                e.printStackTrace();
            }
        }
    }
}
The use of System.in.read() introduces a pause between updates, allowing a user to observe system changes incrementally. Although rudimentary, this interaction model is useful during early development stages or for command-line simulations. A more refined system might use a graphical interface or event-based simulation loop.

5. [bookmark: _Toc203729197]Functionality of the CarPark Class
Though not included in the provided code, the CarPark class can be deduced to contain the core business logic. It is likely designed with private member variables such as capacity, freeSpaces, and List<String> carIDs, the latter of which stores identifiers of admitted cars.
The primary functionalities include:
· Tracking and Validating Space Usage: incrementSpaces() and decrementSpaces() ensure the car park reflects accurate availability.
· Preventing Overflow and Underflow: Conditional logic ensures that freeSpaces cannot fall below zero or exceed capacity.
· Managing Car Identity: The car ID list prevents duplication and provides a record of cars currently in the park.
These operations support consistent behaviour even under stress conditions, ensuring the system remains logically sound. The use of Java’s List interface for carIDs allows flexible and efficient manipulation of stored data.

6. [bookmark: _Toc203729198]Scenario Walkthrough
To better illustrate how the system components interact, consider the following real-world simulation:
1. A car approaches the gate.
1. The Sensor detects the presence of the car and signals the CarPark system.
1. The IDReader reads the car’s plate number or tag and verifies it against existing entries.
1. If the ID is new and space is available, the Barrier is raised to let the car in.
1. The FullSign is updated if capacity is reached.
1. The Logger (optional) records the time and ID of the car entry.
This workflow demonstrates how modular components interact in a cohesive system. It also reflects real-world operations, enhancing the realism and applicability of the software.

1. [bookmark: _Toc203729199]Analysis of CarParkTest.java
Testing is an essential phase in the software development lifecycle. The provided CarParkTest.java file uses JUnit 5 for automated testing of CarPark behaviour. It contains unit tests for various functions, including space management, overflow/underflow conditions, and identity tracking.
The tests include:
· testInitialSpaces(): Ensures the car park initializes with the correct number of available spaces.
· testDecrementSpaces() and testIncrementSpaces(): Verify correct space calculations when cars enter or exit.
· testPreventOverflow() and testPreventUnderflow(): Confirm that the number of available spaces cannot exceed capacity or drop below zero.
· testAddAndRemoveCar(): Uses Java Reflection to test private fields like carIDs for correctness in adding and removing identifiers.
· testCarIDNotDuplicated(): Ensures that car IDs are not duplicated in the system.
Reflection is used to access private members, which is helpful for thorough testing but should be used cautiously. A better practice might include providing read-only accessors specifically for testing purposes.

1. [bookmark: _Toc203729200]Testing Philosophy and Best Practices
The current testing approach effectively uses unit testing to ensure that key behaviours are functioning correctly. However, a more robust approach would include:
· Mocking External Components: Simulating input from sensors or ID readers using libraries like Mockito.
· Integration Testing: Verifying that different system components work together as intended.
· Edge Case Testing: Exploring scenarios with rapid car entry, duplicate IDs, or sensor malfunctions.
· Automated Regression Testing: Ensuring new features do not break existing functionality.
Using these practices would enhance confidence in system reliability, especially as it scales.

1. [bookmark: _Toc203729201]Code Quality and Maintainability
The existing codebase is concise and readable. However, several improvements could be made to enhance quality:
· Naming Conventions: Ensure all methods and variables use descriptive, consistent names.
· Documentation: Add JavaDoc comments to describe each method’s purpose and expected parameters.
· Logging: Replace System.out.println() with a structured logging framework.
· Error Handling: Implement custom exceptions for invalid operations (e.g., exceeding capacity).
· Code Modularity: Extract logic from update() into smaller, more testable methods.
These practices ensure the system remains maintainable and comprehensible as it grows.

1. [bookmark: _Toc203729202]Opportunities for Extension
Several improvements could significantly enhance the system:
1. Graphical User Interface (GUI): Implementing a GUI using JavaFX would improve usability.
1. Support for Vehicle Types: Introduce subclasses like Car, Truck, and Motorcycle, each with different space requirements.
1. Billing System: Track entry and exit times for automated fee calculation.
1. Persistence Layer: Store data in a file or relational database to maintain state across sessions.
1. Cloud Integration: Host the system in a cloud environment for distributed access and monitoring.
1. Mobile App Connectivity: Develop a companion app for drivers to check availability and reserve spots.
Each of these features would add value, aligning the software with real-world demands in commercial and public infrastructure.
[bookmark: _Toc203729203]11. UML Diagram Analysis
The UML diagram offers a visual representation of the system architecture. It shows a composite relationship between the CarPark and its supporting classes. This diagram helps developers understand:
· Dependencies: Clear lines show which classes depend on others.
· Responsibility: Each class encapsulates a single, clear responsibility.
· Scalability: New features or components can be easily added without disrupting existing structures.
Class diagrams also aid in team collaboration, providing a common understanding of the system design.

[bookmark: _Toc203729204]12. Conclusion
The car park management system serves as an effective illustration of how object-oriented design principles can be applied to solve real-world problems. The codebase demonstrates good encapsulation, abstraction, and clear modularity, supported by a well-structured testing suite. While basic in functionality, the system lays a solid foundation for future enhancements.
With potential extensions like a GUI, vehicle subclasses, persistent storage, and integration with mobile platforms, this system could evolve into a full-featured solution for smart parking management. The modular design and comprehensive test suite ensure that such evolution can occur with minimal disruption, making this project a valuable exercise in scalable software development.
In summary, this project not only meets the requirements of the assignment but also demonstrates how solid architectural decisions can support both immediate functionality and long-term growth in complex software systems.
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