








Design and Implementation of a Relational Database System




Table of Contents
1. Introduction	3
2. System Requirements	4
3. Database Design	5
Main Entities	6
Entity Descriptions	6
4. Entity Relationship Diagram (ERD)	8
5. Relational Schema	8
6. SQL Implementation	10
7. Benefits of the Database System	10
8. Conclusion	11
Reference List	13



[bookmark: _45joxwy903mq][bookmark: _Toc223958404]1. Introduction
The information systems are critical in helping the modern organisations to store and operate on large volumes of information in an effective manner. Relational database model is one of the most common methods that have been used in organising and managing structured data. The relational database systems store the data in tabular form and create some relationship between the tabular data via keys and constraints. The structure will enable organisations to handle data in an orderly way and at the same time make sure that information is also accurate, consistent and accessible.
Relational databases have been integrated within the fabric of most organisation information systems since they assist in effective storage and retrieval of organised information. Soto (2025) states that relational database systems are an efficient model of dealing with structured data in a wide range of areas, such as scientific work, healthcare, and organisational management. Their systematic arrangement allows users to arrange data logically and make complicated queries to get access to the information.
This assignment is devoted to the restaurant of a relational database system related to a Library Management System. Libraries handle various categories of information such as details of books, details of authors, information of members, and information of borrowings made. It will be inefficient management of these records without a structured database system since it would be prone to errors when handled by humans.
The relational database system could assist libraries in structuring their information and ensuring that links between books and authors as well as members are properly maintained. The system can also enhance effectiveness of day to day operations like in tracking the borrowed books, updating member records, and getting information regarding the available resources.
This project will set out to develop a relational database system that is capable of addressing the operations of a library. The design process will entail the identification of system requirements, entity relationship model formulation, a relational schema formulation and implementation of the database structure. The correct database design methods like normalisation are used to make sure that the database structure keeps the redundancy minimised, and enhances the data integrity. Existing studies show that properly built relational databases are very effective when it comes to enhancing the value of systems and consistency of data in an organisational context (Kohita, 2025).
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The initial phase of database development entails the discovery of system requirements. Requirement analysis assists in defining the kind of information which will be to be recorded and the activities the system will have to facilitate. The information could be about books, authors, members and borrowing transactions, therefore a database system is required in a library management environment.
Database systems are essential in helping organisations to manage operational data. The databases facilitate storage, retrieval and processing of structured information that would facilitate organisations to carry out tasks more efficiently. Zhou et al. (2025) note that database systems that are well designed are very important in facilitating effective data management and enhancing the decision making process in organisations.
In the case of a library, the database should be able to sustain several task processes of the library such as administration of the book stocks, maintenance of the library members, and recordkeeping of the borrowing. The most important system capabilities needed in the database of the library are presented below.
	System Function
	Description

	Book Management
	Store and manage information about books in the library

	Author Records
	Maintain details of authors associated with books

	Member Registration
	Store and manage member information

	Borrowing Management
	Record when books are borrowed and returned

	Information Search
	Allow staff to retrieve book and member information quickly

	Borrowing History
	Maintain records of past borrowing activities



Functional Requirements
The functional requirements explain the desired operations that the database system should do. These needs are necessary to make the system capable of supporting the primary operations of the library.
	Functional Requirement
	Description

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

	Member Information Storage
	Maintain member names, contact information and registration date

	Borrowing Transactions
	Record which member borrowed which book

	Due Date Tracking
	Monitor borrowing deadlines and return dates

	Relationship Tracking
	Identify connections between books and members


Such functional capabilities are the reason why the system will be able to handle library data and be used in everyday operations.
Non-Functional Requirements
Non-functional requirements establish the performance aspects and the quality of the system. These are requirements that the database system is efficient and reliable.
	Non-Functional Requirement
	Description

	Data Security
	Protect stored data from unauthorised access

	Data Integrity
	Ensure relationships between tables remain valid

	Performance Efficiency
	Allow quick retrieval of information

	Reduced Data Redundancy
	Avoid duplication of data through structured design


Relational tables are frequently ordered in normalisation methods to eliminate redundancy in databases. These methods enhance functionality of a system and ensure accuracy of data (Jo et al., 2025).
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The design of a database is a very critical phase in the development of a relational database system. It entails organizing elements of data into rational units and delineating associations between the elements. A good database guarantees effective storage of information and also good relationships among the associated records.
Efficient database design as well enhances the performance of the system to carry high volumes of data and enables organisations to use it efficiently. Radlbauer et al. (2025) note that structured database architectures offer a robust basis of knowledge modelling and effective data processing of an industrial system.
The database of library management has a series of the entities that denote the various parts of the system.
[bookmark: _4hjgi6m11l1j][bookmark: _Toc223958407]Main Entities
The most vital participants in the database design are represented below.
	Entity
	Description

	Books
	Stores information about books available in the library

	Authors
	Stores details of authors who wrote the books

	Members
	Stores information about registered library members

	BorrowRecords
	Stores information about book borrowing transactions


Attributes are familiar in every entity and they describe certain information stored in the database.
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Books Table
The books table contains the data regarding all books which the library system owns.
	Field
	Description

	BookID
	Unique identifier for each book

	Title
	Title of the book

	ISBN
	International Standard Book Number

	AuthorID
	Identifier linking the book to its author

	Category
	Book category or genre

	YearPublished
	Year the book was published



Authors Table
The authors table holds data on the authors of the books stored in the database.
	Field
	Description

	AuthorID
	Unique identifier for author

	AuthorName
	Name of the author

	Country
	Country of origin



Members Table
Members table contains the data regarding people who are registered to the library.
	Field
	Description

	MemberID
	Unique identifier for member

	Name
	Name of the member

	Email
	Member email address

	Phone
	Contact number

	JoinDate
	Membership registration date



BorrowRecords Table
The BorrowRecords table is used to store details relating to borrowing activities at the library.
	Field
	Description

	BorrowID
	Unique identifier for borrowing transaction

	BookID
	Identifier of borrowed book

	MemberID
	Identifier of borrowing member

	BorrowDate
	Date when the book was borrowed

	DueDate
	Expected return date

	ReturnDate
	Actual return date
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Entity Relationship Diagram (ERD) is a diagrammatic representation of the connection between the entities in a database. ER diagrams facilitate the work of database designers to comprehend the interaction of data entities and also to make sure that the relationships are established properly.
The library management system has a number of relationships between the entities.
	Relationship
	Explanation

	Authors → Books
	One author can write multiple books

	Members → BorrowRecords
	One member can borrow many books

	Books → BorrowRecords
	One book can appear in multiple borrowing records


These interactions are the real life interactions that exist in a library setting. Database relationships aid in ensuring that the consistency of the data as well as the ability to retrieve information is available. The new generation relational database systems are based on established relationships in order to ensure data integrity and complex queries (Urnikienė et al., 2026).
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The logical structure of the database is determined by the relational schema. It translates the concept design contained by the ER diagram into relational tables.
	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
Records in each table are uniquely identified by primary keys.
	Table
	Primary Key

	Authors
	AuthorID

	Books
	BookID

	Members
	MemberID

	BorrowRecords
	BorrowID



Foreign Keys
Foreign keys establish a relationship between a table.
	Table
	Foreign Key
	References

	Books
	AuthorID
	Authors.AuthorID

	BorrowRecords
	BookID
	Books.BookID

	BorrowRecords
	MemberID
	Members.MemberID


Foreign keys are used to make sure that the relationship between tables are the ones that can be made and the related data are consistent throughout the entire database (Sassi and Jaziri, 2025).
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A relational database management system (MySQL, PostgreSQL, or Microsoft SQL Server) can be used to allow implementation of the relational database. These systems have the tools required to develop tables, determine relationships, and impose constraints on the database.
Relational database designs are implemented using Structured query language (SQL). SQL allows developers to model out the tables, assign attributes with their data type and formation of constraints that enforce data rules. The database tables created in the selected RDBMS are then built using the relational schema that is generated in the design phase.
All the tables of the database are designed with well specified attributes and constraints, so that the data stored in them can be accurate and consistent. The primary keys are identities to ensure that each and every record in a table is unique, whereas foreign keys serve to keep relations among tables. The database system allows connecting the information concerning books, authors, members, and borrowing transactions through such relationships.
SQL enables the database administrators to control and maintain the database through an operation like the addition of new records, modification of available information, and retrieval of the information as necessary. Effective database implementation will guarantee an efficient library management system to meet the day to day activities and manage the data volumes which are growing.
Effective relational databases enhance data organisation and performance of the systems. It has been found that the structured relational systems have the potential to noticeably enhance the efficiency of queries and data management in large amounts of data (Urnikienė et al., 2026).

[bookmark: _84mq61dtnult][bookmark: _Toc223958412]7. Benefits of the Database System
The relational database system has a number of benefits when it comes to overseeing the activities of the library. The system can store information accurately and can be easily retrieved by arranging data into structured tables and provides relationships among various entities.
The lessening of data redundancy is one of the greatest advantages of relational databases. Normalisation techniques bring data into logical structures to reduce duplicity and consistency of data across the tables. Kohita (2025) claims that normalization plays a big role in enhancing the efficiency of relational databases as it ensures that the information is organized in a non-redundant and systematic way.
Better data integrity is another advantage. Primary and foreign keys are used to ensure that the relationships among tables are not compromised and also prevent the introduction of incorrect data into the system. This assists in keeping good records in the database.
The relational databases are also useful in retrieving data. Structured queries also allow library staff to retrieve book information, information about authors, and borrowing transactions within a very short amount of time. This enhances efficiency in the operations and assists the library on effective management of resources.
The advantages of the relational database system are as follows.
	Benefit
	Description

	Reduced Redundancy
	Structured tables reduce duplication of data

	Data Integrity
	Primary and foreign keys maintain valid relationships

	Efficient Data Retrieval
	Information can be retrieved quickly when needed

	Organised Data Storage
	Data is stored in a structured relational format

	Improved Decision Support
	Reliable data supports effective decision making


The role of relational databases in contemporary information systems is therefore critical and offers appropriate, consistent and efficient data management approaches (Soto, 2025).
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This assignment outlined design and implementation of relational database systems to be used in a library management setting. The project entailed the determination of the system needs, the entity design and the relationship design and formulation of the relational schema to store structured data.
There are books, authors, members and borrowing records tables in the database design. The connection between these tables are done by the use of primary keys and foreign keys to ensure that there is consistency and reliability of the database. Correct database design concepts such as normalization were taken into consideration in order to reduce redundancy as well as enhance performance of the system.
The relational database will enable the library management system to operate and store as well as access information effectively. This system helps the library members to monitor the borrowing processes, keep records of the members, and have access to information about books in a short period of time.
Altogether, the relational database system shows how strategic data management can enhance organisational performance and provide efficient information management in a library setting.
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