








Design and Implementation of a Relational Database System




Table of Contents
1. Introduction	3
2. System Requirements	3
3. Database Design	5
Main Entities	5
Entity Descriptions	6
4. Entity Relationship Diagram (ERD)	7
5. Relational Schema	8
6. SQL Implementation	9
7. Benefits of the Database System	10
8. Conclusion	11
Reference List	12



[bookmark: _45joxwy903mq][bookmark: _Toc223956526]1. Introduction
The relational database system is relied on to arrange, store and manage the data efficiently by use of structured tables which are linked by defining relationships. Relational databases are also significant to the present information system since it enables organisations to retain a lot of information in a well-structured and organised form. Alderden et al. (2023) also report that relational database systems are prevalent in organisations due to their ability to assist with successful data management, ensure consistency, and enhance access to complex datasets.
Most organisational settings require massive data to be handled effectively to facilitate daily organisational activities and, in the decision, making processes. The required tools to structure, query, and handle such data are offered by relational database management systems (RDBMS). These systems enable data to be structured in tables which are interrelated by using primary keys and foreign keys, to enable users to easily retrieve and manipulate information.
The project is concerned with designing and implementing a relational database system of a Library Management System. The libraries have to handle information regarding books, authors, members, and borrowing activities. In the absence of an organised database system, it is challenging and ineffective to maintain good records. An effective relational database can assist libraries in storing these records in orderly fashion, allowing employees to render the transactions of the lenders and obtain information about the books more easily.
This project will set out to create a relational database which assists with running the library. Entities that are contained in the database are books, authors, members and records of borrowing. The database design process goes through important phases of database development such as requirement analysis,entity relationship modelling,relational schema development, and relational database implementation based on relational database concepts. Moreover, the methods of database normalisation are also taken into consideration to reduce cases of redundancy and ensure preservation of data integrity in the system.
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Database systems need to be developed according to the work demands of the organisation. The requirement analysis is useful in determining the information to be kept in store and the business that the system must facilitate. Within a library management system, the database needs to store and manage book, author, member information and information in terms of book borrowing. Effective database systems can help organisations to cope with data that is related to the operation of organisations as well as ensure that records are accurate and accessible (Fotache et al., 2025).
The library database system should be able to support a number of crucial functions that will enable the staff to manage library resources.
	System Function
	Description

	Book Management
	Store detailed information about books available in the library

	Author Management
	Maintain records of authors associated with the books

	Member Management
	Record and manage library member information

	Borrowing Management
	Track borrowing and returning of books

	Information Retrieval
	Allow staff to search and retrieve information quickly

	Borrowing History
	Maintain records of previous borrowing transactions



Functional Requirements
Functional requirements address the essence of operations, which the system should carry out. These are the requirements that make sure that the database system is capable of supporting the major activities of the library.
	Functional Requirement
	Description

	Book Information Storage
	Store book title, ISBN, category, author and publication year

	Member Information Storage
	Store member name, contact information and registration date

	Borrowing Records
	Record when books are borrowed and returned

	Due Date Monitoring
	Track return deadlines for borrowed books

	Member-Book Relationship
	Identify which member borrowed a specific book



Non-Functional Requirements
Non-functional requirements explain quality and performance expectations of the system.
	Non-Functional Requirement
	Description

	Security
	Ensure that library records are protected from unauthorised access

	Data Integrity
	Maintain accurate relationships between database tables

	Efficiency
	Allow quick retrieval and processing of information

	Reduced Redundancy
	Avoid unnecessary duplication of data


Normalisation methods in databases are significant in ensuring that relational databases reduce as much redundancy as possible and ensure consistency of the data stored (Hamouda et al., 2023).

[bookmark: _ivndztldqjpz][bookmark: _Toc223956528]3. Database Design
Database design is a very essential phase of development of a relational database system. The database design should guarantee that the information is stored in an efficient manner with the establishment of good relationships among entities. Effective database design leads to better performance of the system, data integrity, and even future scaling of the system. Pykakistio (2024) argues that a good design of databases also contributes to the effectiveness, flexibility and reliability of a system in responding to the changing environments of an organisation.
Various entities denote the parts of the library system in the database of the library management.
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The library database system has the following entities:
	Entity
	Description

	Books
	Stores information about books available in the library

	Authors
	Stores information about book authors

	Members
	Stores information about library members

	BorrowRecords
	Stores records of borrowing transactions


The attributes are defined in each entity and they depict the exact information contained in the database.
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Books Table
The Books table holds the information about each and every book held in the library.
	Field
	Description

	BookID
	Unique identifier for each book

	Title
	Name of the book

	ISBN
	International Standard Book Number

	AuthorID
	Identifier linking the book to its author

	Category
	Category or genre of the book

	YearPublished
	Year in which the book was published



Authors Table
The Author table is controlling information regarding the authors of the books in the library system.
	Field
	Description

	AuthorID
	Unique identifier for each author

	AuthorName
	Name of the author

	Country
	Country of origin of the author



Members Table
The Members table contains information on registered members of the library.
	Field
	Description

	MemberID
	Unique identifier for each member

	Name
	Name of the library member

	Email
	Email address of the member

	Phone
	Contact number

	JoinDate
	Date when the member joined the library



BorrowRecords Table
The BorrowRecords table is used to monitor the borrowing of library members.
	Field
	Description

	BorrowID
	Unique identifier for borrowing transaction

	BookID
	Identifier of the borrowed book

	MemberID
	Identifier of the borrowing member

	BorrowDate
	Date the book was borrowed

	DueDate
	Scheduled return date

	ReturnDate
	Actual return date
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Entity relationship Diagram (ERD) is a diagram through which relationships occurring in database systems are represented in a visual manner. ER diagrams assist the database designers in having a comprehension of the interaction of various data entities among themselves and the arrangement of relationships in the database (Trillo-Montero et al., 2023).
The relations in the library management system can be summarised.
	Relationship
	Explanation

	Authors → Books
	One author can write many books

	Members → BorrowRecords
	One member can borrow many books

	Books → BorrowRecords
	One book can appear in multiple borrowing records


These relationships provide that the database is correctly positioned to reflect real-world library operations whilst providing orderly relationships between related data.
ER diagrams to be used in database design can be drawn using several software.
	Tool
	Purpose

	Draw.io
	Free online diagramming tool

	Lucidchart
	Professional diagram creation tool

	Microsoft Visio
	Advanced diagram and modelling tool
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The relational schema is the logical organization of the database in form of table definition and attributes defining their features. It converts the conceptual ER diagram into relational tables which can be executed in a relational database management system.
	Table
	Attributes

	Authors
	AuthorID, AuthorName, Country

	Books
	BookID, Title, ISBN, AuthorID, Category, YearPublished

	Members
	MemberID, Name, Email, Phone, JoinDate

	BorrowRecords
	BorrowID, BookID, MemberID, BorrowDate, DueDate, ReturnDate



Primary Keys
There are unique identifiers of records in a table known as primary keys.
	Table
	Primary Key

	Authors
	AuthorID

	Books
	BookID

	Members
	MemberID

	BorrowRecords
	BorrowID



Foreign Keys
Tables can be related by the use of foreign keys.
	Table
	Foreign Key
	References

	Books
	AuthorID
	Authors.AuthorID

	BorrowRecords
	BookID
	Books.BookID

	BorrowRecords
	MemberID
	Members.MemberID


Foreign keys would help to maintain the data integrity of related data stored in different tables (Taipalus, 2024).
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This relational database design can be executed with my relational database management system (RDBMS) like MySQL, PostgreSQL, or Microsoft SQL server. These database management applications come with the facility necessary to construct, upkeep, and control arranged information in relational tables. The standard programing language that is used to communicate with relational databases is Structured Query Language (SQL). It allows database developers and administrators to create tables, specify relationships among entities and impose pertinent rules to a database like primary keys and foreign keys.
In the implementation phase, the relational schema, which had been developed in the above phase of database design, is converted into actual database tables in the RDBMS that has been chosen. The tables have well-known attributes, data types, and constraints. The limitations help in assuring that data that was stored is valid and consistent throughout the database system. Records are uniquely identified by the primary keys in every table whereas the relationship between related tables is done by foreign keys. These relationships enable the database to have logical relationships among the entities which include books, authors, members and borrowing transactions.
Moreover, SQL enables the administrator of the database to ease the management of the database by facilitating processes of insertion and updating, deletion and retrieval of records in the database. The library management system is able to process day to day operations of managing the library like registering new members, entering books in the library catalogue and recording borrowing operations through these operations. As Trillo-Montero et al. (2023) explain, SQL-based relational database systems offer an easy and dependable means of operating organised data in the organisational information systems.
With the adoption of the relational schema with the help of SQL, the library management system will have the opportunity to store the information related to books, authors, members, and borrowing transactions in an organized manner. This hierarchical model has the benefits of aiding the ability to extract data effectively and modify them whenever needed. Besides, relational constraints are also used to restrict the data from inconsistent states, and also aid in the long-term integrity of the database system.
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The relational database system equips various strengths in the operation of the library. The system has the benefit of generating order in the data by formatting them into tables and being able to maintain strings of relationships among objects, therefore, storage is always consistent and information can always be retrieved efficiently.
Data duplication is an issue that is minimized as a result of normalization characteristic of relational databases. Normalisation methods assist in ordering data into well-structured tables or tables that enhance the performance of the system and minimise inconsistency levels in the database (Ajayi et al., 2025). Moreover, relational databases make the retrieval of data efficient and enable library employees to search the information about the books and borrowing history within a short period of time.
The primary advantages of the system are as outlined below.
	Benefit
	Description

	Reduced Redundancy
	Normalized tables minimise duplicate data

	Improved Data Consistency
	Relationships ensure accurate and reliable information

	Efficient Data Retrieval
	SQL queries allow quick access to stored information

	Data Integrity
	Primary and foreign keys maintain valid relationships

	Organised Data Storage
	Data is stored systematically within relational tables


Relational database systems thus have a significant role to play in facilitating the proper management and decision-making in an organisation (Fotache et al., 2025).
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This project offered the design and development of a relational database system in a library management environment. The system was built by determining some of the most important requirements, their entities' relationship, and then creating relational tables containing information regarding books, writers, members, as well as borrowing transactions.
The relational database design provides the data to be saved in an efficient way and the existence of relationships between the various entities by means of primary and foreign keys. Efficiency of the system is also enhanced due to the application of the concepts of database normalization concept, which helps to minimize redundancy and also ensures consistency in the information that is stored.
The system that has been planned will enable the library staff to keep record control, monitor the borrowing process and access the information promptly when needed. Altogether, the relational database system proves the practicality of principles of database design and emphasizes the role of organization in the management of data and the modern information systems.
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