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[bookmark: _Toc155788881]Introduction
In this assignment, we will use Object-Oriented Programming (OOP) in C++ to create a Library Management System. This system will help organize library activities and make it easy for both staff and users. The key features to focus on are:

1. Catalogue Management: Keeping track of books and other items using codes like ISBN.
2. User Management: Managing information about library members and their borrowing records.
3. Circulation Management: Helping with the borrowing and returning of books.
4. Search Functionality: Allowing users to find books by title, author, or subject.
5. Notification System: Sending reminders about due and overdue books.
6. Reporting: Providing reports for library staff about books and user activities.

This project is a great way to learn how C++ and OOP can be used to manage real-world systems like 
· Inventory Management systems.
· Hospital management systems.
· Flight booking systems.
· E-commerce websites.
And as previously stated in this assignment Library Management Systems.
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[bookmark: _Toc155788883]Importance of Object-oriented programming
OOP, or Object-Oriented Programming, is a method that organizes a program around its objects. It relies on concepts like Class, Object, Polymorphism, Abstraction, Encapsulation, and Inheritance to combine data and the functions that work on them. Many programming languages use OOP, including Objective C, Perl, Java, Python, C++, and others [1]
In this assignment, we focus on the significance of Object-Oriented Programming in C++.
Object-Oriented Programming (OOP) is essential in C++ for simplifying complex software projects. It organizes code into manageable classes, making it clearer and easier to maintain. OOP features like inheritance let you create new classes from existing ones, which saves time. Polymorphism allows functions to be used in varied situations, streamlining the code. Encapsulation protects data, enhancing program security. In summary, OOP in C++ leads to more effective, scalable, and robust software, ideal for complex applications.
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The Library Management System is an application created to efficiently run the management of library resources and services. It acts as a unified platform for managing different library activities, mainly concentrating on:
· Catalogue management, allowing librarians to keep track of books.
· User management, which manages the accounts of the staff and visitors.
· Circulation management, which will help with borrowing and returning books and other details.
· Search functionally, which allows users to be able to search for the book.
· Reservation system allows users to reserve books.


The targeted users for the library management system will be librarians and the general public, whether they be students, researchers, children or just someone who loves to read.
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· Database management system, which will store and manage all library data.
· Scalability, ensuring the management for increasing number of users and items.
· User friendly, ensuring the ease of the navigation for the users.
· Performance constrains, optimise for fast search and transactions.


By meeting these requirements, the library management system will be able to provide an efficient experience for all users. Modernising the typical library operations.
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In the library management system, several classes were used which were:
· Book
· User
· Library
· item
Using OOP principles these classes model the real world entities making for a realistic representation.
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The class book models itself on a physical book and uses attributes such as. ‘title’, ‘author’, ’ISBN’ and ‘available’.
Attributes store information like the title of the book, the authors name, the unique identifier of the book and whether the book is available for borrowing or not.
The behaviour methods of the book class include ‘getTitle()’,’ getAuthor()’,’getISBN() ‘and ‘isAvailable()’ which correspond to the action such as retrieving the books title.

[bookmark: _Toc155788888]User
The user class represents a real person who uses the library. Which is important for managing user-specific information and interactions.
Attributes in user include ‘userID’, ‘name’, ‘borrowedBooks’ and ‘lateFees’. Which would represent the user’s identification number, name and list of books borrowed and any late fees.
The behaviour methods of the user class include ‘borrowBook()’,’returnBook()’ as well as ‘calculateFees()’. Which is enable the user to borrow, return and calculate any fees they may owe.

[bookmark: _Toc155788889]Library class
The library class holds the whole library system. Which is a larger class that includes managing all users, books, and transitions.
The attributes the library might use are ‘bookList’ and ‘users’ which represent all the books and registered users.
The behaviour methods of the library are ‘addBook()’,’removeBook()’,’registerUser()’, and ‘displayAvaliableBooks()’. Which represent the actions of adding/removing books, registering a new user and displaying books which are available for borrowing.
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The item class can represent any item in the library whether it’s a book, dvd, journal, or report.
The attributes that can be used in item class could include ‘title’, ‘itemID’, and ‘status’ which would show the items title, ID and whether its available or not.
The behaviour methods in the item class could include ’getTitle()’, ‘getStatus()’, and ‘setStatus()’ which would provide the functions for getting the title of the item as well checking and setting the status.
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Inheritance allows for the extension and reuse of existing classes while keeping them unchanged, creating a hierarchical relationship among them. [2]
In the Library Management System, inheritance is a key Object-Oriented Programming concept that's used to establish relationships between classes, thereby promoting code reuse and reducing redundancy. Here’s how inheritance is utilized in the system:
The Item class is a basic class for various library items including books, journals, DVDs, and more, holding common attributes and actions shared among them.
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Base Class (Item):
Function: Forms the basis for different library items.
Common Features: Includes details like title, itemID, and status (available or borrowed).
Basic Actions: Has functions like getTitle(), getItemID(), and checkAvailability().
Subclasses (Book, Journal, DVD):
Relation to Base Class: They extend the Item class.
Unique Features: Each adds its own details. For example, Book has author and ISBN, Journal has issueNumber and editor, and DVD includes duration and genre.
Special Actions: These classes have additional functions relevant to their type, such as getAuthor() for Book or getDuration() for DVD.
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Base Class (User):
Role: Serves as a standard library user.
Basic Details: Has information like userID, name, and borrowedItems.
General Actions: Includes functions like borrowItem() and returnItem(), suitable for all users.
Subclasses (Librarian, Member):
Link to Base Class: They are based on the User class.
Special Features and Functions: For example, Librarian can have actions like catalogItem() and manageUser(), whereas Member might have reserveItem().
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In C++, encapsulation means putting related data and functions into one class. This keeps the data safe and is also called data or information hiding. [3]
In the Library Management System, using Object-Oriented Programming (OOP), we apply data hiding and encapsulation to keep data secure and provide a clear interface. This is done by setting class attributes as private and using public methods, such as getters and setters.
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In object-oriented programming, polymorphism enables objects from various classes to be handled as if they belong to a shared superclass.
Polymorphism in the Library Management system is important for creating an extensible and maintainable system to be able to handle different types of entities such as, item and users.
Polymorphism was also used in the Library Management system to handle different types of items such as ‘book,’journal’,’report’ as well users like ‘member’ and ‘librarian’.
In ‘user’ polymorphism is primarily demonstrated through the inheritance from the Item class and the implementation of the displayDetails() method. The User class inherits from the Item class. This lets User access methods and properties from Item and also enables polymorphism.
[image: ]
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Item (Abstract Class):
· Represents a general library item.
· Attributes: Title, Item ID, Availability status.
· Key Method: displayDetails() (pure virtual).
· Inherited by Book, Journal, DVD.
Book:
· Represents a book in the library.
· Inherits from Item.
· Additional Attributes: Author, ISBN.
Journal:
· Represents a journal.
· Inherits from Item.
· Additional Attributes: Volume, Issue.
DVD:
· Represents a DVD.
· Inherits from Item.
· Additional Attributes: Duration, Genre.
User (Abstract Class):
· General representation of a library user.
· Attributes: User ID, Name.
· Inherited by Member, Librarian.
Member:
· Represents a library member.
· Inherits from User.
· Additional Attributes: List of Borrowed Books.
Librarian:
· Represents a librarian.
· Inherits from User.
· Additional Attributes: Employee ID.
Library:
· Central class managing library operations.
· Attributes: Lists of Books (Items), Users.
· Methods: Add/Remove Books, Register Users, etc.


This UML diagram and its accompanying descriptions offer a clear view of the system's layout, highlighting how inheritance is used and how various classes are related. Every class contains data and actions relevant to its function in the system, following object-oriented design principles.
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Pattern use:
The Singleton pattern is used to ensure that there is just one Library class instance in the entire application. This unique instance becomes the central point for managing all activities related to the library, like managing books and users.
Implementation:
The library class is structured to ensure that it can be instantiated only once. Any subsequent attempts to create a new instance will result in returning a reference to the existing instance.
Benefits:
· Consistency: Guarantees that every component of the system interacts with a singular library instance, preserving uniformity throughout all operations.
· Resource Management: Concentrates the control of resources (such as books and users) in one central location, streamlining interactions and data handling.
· Controlled Access: Offers a regulated entry point to access the library's resources and functionalities.
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Pattern use:
The Factory Method pattern allows the creation of various item types (such as Book, Journal, DVD) without needing to specify the precise class of the resulting object.
Implementation
A factory class or method, like ItemFactory, includes a createItem method that generates and returns objects of distinct classes derived from Item, determined by input parameters or type specifications.
Benefits:
· Enhanced Flexibility: Enhances system flexibility by separating object creation from their utilization, enabling the addition of new item types without necessitating modifications to existing code.
· Scalability: Simplifies the process of introducing new types of items to the library as the system grows.
· Code Reusability: Minimizes code redundancy by consolidating object creation logic within a single location.
The Library Management System's design decisions prioritize efficiency, scalability, maintainability, and usability. Every choice, whether it involves data structures or class design, is guided by these fundamental goals.
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Arrays and vectors 
Arrays and Vectors are employed for handling collections of books, users, and similar entities, providing efficient access and dynamic resizing capabilities essential for accommodating fluctuating quantities of items and users.
Maps and hash tables 
Maps or Hash Tables are well-suited for rapid lookups, a critical requirement for features such as searching for book or user information.

These structures are selected for their performance advantages and compatibility with standard library operations such as searching and catalogue management.
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Using ‘Item’ as a base class serves to capture the shared characteristics among different library materials, minimizing repetition and streamlining the process of adding new item types.
Specialized Classes (e.g., Book, Journal, etc.): Deliver tailored implementations for various item types, improving clarity and enhancing the system's flexibility to accommodate a wide range of library resources.
This design enables polymorphism, enabling the use of more generalized code when managing various item and user types, while also adhering to the single responsibility principle.
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Separate Modules: Catalogue management, user management, and transaction processing are isolated into distinct modules. This division improves system organization, simplifying comprehension, modification, and maintenance.
Service Classes handle tasks such as notifications and reporting, dedicated classes or modules are employed, segregating these responsibilities from the core library functions.
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The user interface is crafted with simplicity in mind, prioritizing an intuitive experience for both library staff and patrons. This approach is essential for ensuring user satisfaction and system usability.
Every decision in the Library Management System is cantered on crafting a strong, scalable, and user-centric system. Employing OOP principles, suitable data structures, and design patterns aims to establish a system that not only fulfils the present requirements of library management but also readily embraces future growth and adjustments.
[bookmark: _Toc155788904]Functionality and features 
The Library Management System includes a strong Reporting function that offers extensive insights into the library's activities, user engagements, and resource handling. This function plays a crucial role in helping library staff make informed decisions and enhance the efficiency of library operations.
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book reports 
· Inventory Report: Delivers an in-depth list of all accessible books, encompassing titles, authors, ISBNs, and their present availability status.
· Usage Statistics: Monitors the borrowing and return actions related to books, providing valuable insights into book popularity and circulation patterns.
User reports
· Borrowing History: Provides a comprehensive record of individual users' borrowing activities, including borrowed books, return dates, and any applicable late fees.
· Usage Statistics: Monitors the borrowing and returning of books, giving valuable insights into the popularity of books and their circulation patterns.
General library reports.
· Late Returns: Pinpoints overdue books and users with outstanding items.
· Top Picks: Showcases the most frequently borrowed books, offering valuable insights into user preferences and trending titles.
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The system generates reports using dedicated functions in the library class or specific reporting modules. It compiles data from the library database and organizes it into structured reports. Library staff can easily access these reports through a user-friendly interface.
[bookmark: _Toc155788907]Purpose and benefits 
· Empowered Decision-Making: Reports support decisions on book acquisitions, resource allocation, and policy adjustments by providing valuable insights.
· Trend Analysis: Identifies popular books, user preferences, and borrowing patterns, supporting effective stock management.
· Improved User Engagement: Customizes services according to user preferences and behaviour for a more tailored experience.

The Reporting feature is pivotal in elevating library management, delivering crucial insights and analytics that drive effective decision-making and enhance user experience.
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Aswell as creating an invalid input this test also tests for invalid ISBN.
Getters and setters for each attribute 
Testing getters and setters for each attribute (title, author, ISBN, availability).
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TestTitleGetterSetter: Validates the functionality of setting and retrieving the title of a Book.
TestAuthorGetterSetter: Confirms the proper operation of setting and retrieving the author of a Book.
TestISBNGetterSetter: Ensures the correct handling of setting and retrieving the ISBN of a Book.
TestAvailabilityGetterSetter: Verifies the accuracy of setting and retrieving the availability status of a Book.

User Class: [image: A screenshot of a computer
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These test cases cover various scenarios related to borrowing and returning books, including attempts to borrow unavailable books or return books not borrowed.
TestValidUserCreation.[image: A screenshot of a computer
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starting the test by arranging it with valid parameters: define a name and an ID. 
Next, we act by constructing a User object, named validUser, using these parameters. 
Finally, we assert the correctness of our action by using Assert::AreEqual to check that the values retrieved from validUser (name and ID) match our initial inputs."
[bookmark: _Toc155788909]Conclusion 
In summary, the Library Management System, built using Object-Oriented Programming principles, is a comprehensive, robust, and user-centric solution for modern library management. Key OOP concepts like encapsulation, inheritance, and polymorphism were effectively used to create a modular, maintainable, and scalable architecture.
The use of classes such as Item, Book, User, and Library provides an intuitive representation of real-world entities, simplifying system understanding and interaction. The inheritance hierarchy, cantered on the Item class, promotes a streamlined and DRY approach to class design, allowing easy extension to new library materials.
Additionally, design patterns like Singleton for the Library class and Factory Method for item creation enhance efficiency and flexibility. Singleton ensures consistent and centralized library operation management, while Factory Method handles the creation of various item types elegantly.
Careful selection of data structures and the separation of concerns improve system performance and ease of management. By organizing functionalities into distinct modules and classes, the system gains clarity, simplifying maintenance and future development.
In essence, this Library Management System not only meets library requirements but also focuses on broader objectives like user satisfaction, operational efficiency, and adaptability to future needs. It demonstrates the power of object-oriented design in solving complex real-world problems efficiently. As libraries evolve, this system's solid foundation and thoughtful design enable it to adapt and thrive.
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{
publi

)
TEST_METHOD(TestValidUserCreation)

77 Arrange valid parameters
std::string name = "Valid User";
int 0 = 123;

11 Act
User validUser(name, 1D);

11 Assert

reEqual (name, validuser.getiame());
reEqual(ID, validuser.getID());
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