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[bookmark: _Toc225986195]INTRODUCTION
GreenLeaf Organics is a UK-based eco-conscious company specialising in organic food and sustainable lifestyle products. Due to increasing demand and expansion, the company requires a robust database system to support its new online platform. The purpose of this project is to design and implement a relational database that supports product management, supplier integration, customer interactions, order processing, and review systems. This report presents the database design, implementation, and optimisation techniques used to ensure data integrity, efficiency, and scalability. GreenLeaf Organics is a UK-based eco-conscious organisation specialising in organic food, eco-friendly products, and sustainable lifestyle solutions. As the company expands its operations and customer base, there is a critical need for a robust and scalable database system to support its online platform. This project focuses on designing and implementing a relational database system that enables efficient product management, supplier integration, customer relationship management, order processing, and review handling. The database is designed to ensure data integrity, minimise redundancy, and support high-performance operations.The significance of this system lies in its ability to support real-time transactions, maintain consistency through transaction control, and provide a scalable foundation for future growth.


[bookmark: _Toc225986196]DATABASE DESIGN
The database design is based on a relational model consisting of key entities: Customer, Supplier, Product, Category, Order, OrderItem, and Review.Each entity represents a real-world object within the GreenLeaf system. Relationships between entities are carefully structured:
- One-to-many relationships (e.g., Customer to Order)
- Many-to-many relationships (e.g., Product to Category via ProductCategory)
Primary keys uniquely identify each record, while foreign keys enforce referential integrity across tables.The inclusion of a junction table (OrderItem) ensures proper handling of many-to-many relationships between Orders and Products, which is essential for real-world e-commerce systems. The database design follows a relational database model, which is widely adopted for structured data environments due to its strong emphasis on data integrity, consistency, and logical organisation.The design process began with identifying real-world entities from the GreenLeaf scenario and mapping them into relational tables. Attributes were carefully selected to represent key properties of each entity, ensuring completeness without redundancy.
[bookmark: _Toc225986197]Normalisation (3NF)
The database schema is normalised to Third Normal Form (3NF), ensuring: This normalisation reduces redundancy, prevents anomalies during insert, update, and delete operations, and ensures high data integrity.
- First Normal Form (1NF): All attributes are atomic and contain no repeating groups
- Second Normal Form (2NF): All non-key attributes are fully dependent on the primary key
- Third Normal Form (3NF): No transitive dependencies exist
The database schema was normalised to Third Normal Form (3NF) to eliminate redundancy and ensure efficient data storage.First Normal Form (1NF): All attributes are atomic, meaning each field contains indivisible values.
Second Normal Form (2NF): All non-key attributes are fully dependent on the primary key.
Third Normal Form (3NF): No transitive dependencies exist, meaning non-key attributes do not depend on other non-key attributes.

ERD DIAGRAM FOR GREAN LEAF_ORGANICS 
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Figure 1 Erd diagram
The Entity Relationship Diagram (ERD) represents the logical structure of the GreenLeaf Organics database system, illustrating the key entities, their attributes, and the relationships between them. The ERD is designed to accurately reflect real-world business processes within an e-commerce environment.The primary entities identified include Customer, Supplier, Product, Category, Orders, OrderItem, Review, and ProductCategory. Each entity has a clearly defined primary key (PK) to uniquely identify records, while foreign keys (FK) are used to establish relationships and maintain referential integrity.A one-to-many (1:M) relationship exists between Customer and Orders, as a single customer can place multiple orders, but each order belongs to only one customer. Similarly, the Supplier to Product relationship is also one-to-many, reflecting that each supplier can provide multiple products, while each product is associated with one supplier.The relationship between Product and Category is a many-to-many (M:M) relationship, as products can belong to multiple categories and categories can contain multiple products. This is resolved through the ProductCategory junction table, which ensures normalization and prevents redundancy.

The OrderItem entity acts as a bridge between Orders and Product, enabling a many-to-many relationship where an order can contain multiple products, and each product can appear in multiple orders. This structure is essential for modelling real-world shopping cart behaviour.The Review entity captures customer feedback and is linked to both Customer and Product via one-to-many relationships. This allows each customer to leave multiple reviews and each product to receive multiple ratings, supporting user engagement features.Overall, the ERD demonstrates a well-structured relational schema that supports scalability, flexibility, and efficient data retrieval.



[bookmark: _Toc225986198]Implementation Documentation (Screenshots)
The database was implemented using MySQL within the XAMPP environment. Tables were created with appropriate constraints including primary keys, foreign keys, and check constraints.Sample data was inserted to simulate real-world business operations such as customers placing orders and suppliers providing products.Triggers were implemented to automatically audit stock changes, ensuring accountability and traceability. Stored procedures were used to encapsulate business logic and simplify complex operations.
DATABASE
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TABLE CREATION
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Explanation of Constrains and triggers
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[bookmark: _Toc225986200]Trigger and stored procedure execution
The stored procedure PlaceOrder was executed to test transactional order processing. The procedure inserts a new order, creates the related order item, and updates the product stock level. If sufficient stock is available, the transaction is committed. This demonstrates how stored procedures can encapsulate multiple related operations into a single reusable database routine. The screenshots show the successful execution of the procedure and the resulting updates in the Orders, OrderItem, and Product tables.[image: ]
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[bookmark: _Toc225986201]Trigger and Audit Implementation

An audit table named Product_Audit was created to track changes in product stock levels. This table records the product identifier, previous stock value, updated stock value, type of action performed, and the timestamp of the change.A trigger named product_stock_audit was implemented to automatically capture stock updates. The trigger executes after an update operation on the Product table and inserts a corresponding record into the audit table.This ensures that all changes are recorded without manual intervention, providing an audit trail for monitoring and accountability. The implementation of triggers enhances data transparency and supports debugging and system tracking. A full audit system was implemented for the Product table using three database triggers: AFTER INSERT, AFTER UPDATE, and AFTER DELETE. These triggers automatically record all major changes made to product records in the Product_Audit table.The audit table stores the product identifier, product name, previous and new values for price and stock, the action type performed, and the timestamp of the change. This provides a complete history of product-related modifications.The INSERT trigger records the creation of a new product, the UPDATE trigger captures modifications to existing product data, and the DELETE trigger logs removed records. This automated auditing mechanism improves accountability, traceability, and monitoring within the database system. It also reduces the need for manual tracking and supports debugging and administrative review.This design is valuable in real-world systems because it creates transparency around data changes and helps organisations maintain accurate operational records.
Triggers
Triggers were implemented to automatically record changes in product stock levels. This provides an audit trail for tracking modifications, which is essential for accountability and monitoring system activity.
The trigger captures:
- Product ID
- Previous stock value
- Updated stock value
- Timestamp of change



[bookmark: _Toc225986202]Stored Procedures & Transactions
Stored procedures were developed to handle CRUD operations efficiently while ensuring data consistency through transaction management.Transactions use BEGIN, COMMIT, and ROLLBACK to ensure atomicity:
- If all operations succeed, the transaction is committed
- If any operation fails, the transaction is rolled back
For example, during order placement:
1. A new order is created
2. Order items are inserted
3. Product stock is updated
Stored Procedures and Transactions

Stored procedures were developed to support core database operations in a structured and reusable way. In this system, procedures were used to automate important tasks such as inserting orders, updating stock levels, and controlling business rules during transactions. Using stored procedures improves consistency because the same validated logic is applied each time an operation is executed.Transaction management was implemented to ensure that related operations are treated as a single unit of work. In MySQL, this was achieved using START TRANSACTION, COMMIT, and ROLLBACK. This approach is essential in e-commerce systems because order processing usually involves multiple dependent actions. If one step fails, the database should not save incomplete changes.In the GreenLeaf Organics database, the main transactional scenario was the order placement process. The stored procedure PlaceOrder was created to perform the following steps:Check whether the requested product has sufficient stock available
Insert a new record into the Orders table
Insert the related record into the OrderItem table
Update the stock quantity in the Product table
If all steps are completed successfully, the transaction is committed. However, if the requested quantity exceeds the available stock, the transaction is rolled back. This prevents situations where an order is partially recorded while stock remains unchanged, or stock is reduced without a valid order being created.

This use of transaction control demonstrates the principle of atomicity, where all related actions either succeed together or fail together. It also supports consistency by ensuring that the database remains in a valid state before and after execution. In addition, the design reflects the wider ACID principles of reliability in relational database systems.
If stock is insufficient, the entire transaction is rolled back, preventing inconsistent data states.This approach ensures reliability and aligns with ACID principles (Atomicity, Consistency, Isolation, Durability).
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Stored Procedure Execution Explanation

The screenshot shows the successful creation of the PlaceOrder stored procedure in MySQL using phpMyAdmin. The message “MySQL returned an empty result set” confirms that the procedure was created without errors.This stored procedure is designed to handle order placement as a transactional process. It begins by checking whether the selected product exists and whether sufficient stock is available. If the validation fails, the transaction is rolled back and an error message is returned. If the conditions are satisfied, the procedure inserts a new order, creates the corresponding order item, updates the product stock, and commits the transaction.This demonstrates how multiple dependent operations can be grouped into a single transaction, ensuring that either all actions are completed successfully or none are applied. This approach maintains data integrity and reflects the ACID principles, particularly atomicity and consisten
[bookmark: _Toc225986203]Run a successful transaction
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[bookmark: _Toc225986204]Run a failed transaction to show rollback
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CRUD Operations and Stored Procedure Execution

To support efficient data management within the GreenLeaf Organics database, a set of stored procedures was implemented to perform the core CRUD (Create, Read, Update, Delete) operations. These procedures ensure that database interactions are standardised, reusable, and consistent across the system. By encapsulating SQL logic within stored procedures, the design reduces redundancy, improves maintainability, and enhances data integrity.The Create operation was implemented through the InsertProduct stored procedure. As shown in the screenshots, this procedure allows new product records to be inserted into the Product table by providing parameters such as product name, price, stock level, and supplier ID. The execution of CALL InsertProduct('Organic Soap', 4.99, 25, 1); successfully added a new product to the database. The corresponding screenshot of the Product table confirms that the new record was inserted correctly, demonstrating the functionality of the Create operation.
The Read operation was performed using standard SQL queries such as SELECT * FROM Product;, which retrieves all records from the table. The screenshots clearly show the updated product list after each operation, allowing verification of changes made by the stored procedures. This step is essential for validating that data has been correctly inserted, updated, or deleted.The Update operation was implemented using the UpdateProductStock stored procedure. This procedure updates the stock level of a specific product by passing the product ID and the new stock value as parameters. As illustrated in the screenshots, executing CALL UpdateProductStock(1, 80); successfully modified the stock value of the selected product. The updated value is visible in the Product table, confirming that the procedure executed correctly. This demonstrates how stored procedures can enforce controlled updates while maintaining data consistency.The Delete operation was implemented through the DeleteProduct stored procedure. This procedure removes a product record based on the provided product ID. The screenshots show the execution of CALL DeleteProduct(2);, followed by a query displaying the Product table. The results confirm that the specified product was successfully removed from the database. This demonstrates the correct implementation of the Delete operation and highlights the importance of controlled data removal in relational systems.In addition to CRUD operations, transaction handling was demonstrated through the PlaceOrder stored procedure. This procedure combines multiple operations—such as inserting an order, adding order items, and updating product stock—into a single transaction. The screenshots illustrate both successful and failed executions. When sufficient stock was available, the transaction was committed, and all changes were saved. However, when an excessive quantity was requested, the transaction was rolled back, ensuring that no partial or invalid data was recorded
Overall, the screenshots provide clear evidence of the successful implementation of CRUD operations and transaction management. They demonstrate how stored procedures enhance database functionality by enforcing business rules, ensuring consistency, and maintaining the integrity of the system.
[bookmark: _Toc225986206]Performance Tuning and Indexing

Performance tuning is a critical aspect of database design, particularly for systems that handle large volumes of data and frequent user interactions. In the GreenLeaf Organics database, performance optimisation was achieved primarily through the implementation of indexing strategies. Indexing plays a significant role in improving query efficiency by reducing the amount of data the database engine must scan when retrieving information. This is especially important in e-commerce systems where fast response times are essential for user satisfaction and operational efficiency (Connolly and Begg [1]).

An index is a data structure that allows the database to locate rows more quickly without scanning the entire table. Instead of performing a full table scan, the database can use an index to directly access the required records. In this project, indexes were created on performance-critical attributes such as ProductID, CustomerID, OrderID, and OrderDate. These attributes are frequently used in search queries, joins, and filtering operations, making them ideal candidates for indexing (Elmasri and Navathe [2]).

The indexing strategy was designed based on expected query patterns within the GreenLeaf system. For example, customers frequently browse products, search for specific items, and view their order history. As a result, indexing the Product table on attributes such as ProductID and Name improves the speed of product searches. Similarly, indexing the Orders table on CustomerID allows the system to quickly retrieve all orders associated with a particular customer, which is a common operation in user account management (Silberschatz et al. [3]).

Another critical area of performance optimisation is the use of indexes in join operations. Many queries in the system involve joining multiple tables, such as retrieving order details by joining the Orders, OrderItem, and Product tables. Without indexes, these joins would require scanning entire tables, leading to significant performance degradation as the dataset grows. By indexing foreign key columns such as ProductID and CustomerID, the database can efficiently match records across tables, significantly reducing query execution time (Date [4]).

Indexing also improves performance in transactional operations. For example, during the execution of the PlaceOrder stored procedure, the system must quickly check product stock levels and update the corresponding records. By indexing the ProductID column, the database can rapidly locate the relevant product record, ensuring that the transaction is executed efficiently. This is particularly important in high-concurrency environments where multiple users may be placing orders simultaneously (Oracle [5]).

In addition to improving query speed, indexing enhances overall system scalability. As the GreenLeaf database grows to include more products, customers, and orders, the performance of unindexed queries would degrade significantly. Indexes help maintain consistent performance by ensuring that query execution time increases at a much slower rate compared to full table scans. This makes the system more capable of handling increased workloads and user demand (IBM [6]).

However, it is important to note that indexing also introduces certain trade-offs. While indexes improve read operations, they can slightly slow down write operations such as INSERT, UPDATE, and DELETE, because the index structures must also be updated. In this project, indexing was applied selectively to columns that are frequently queried but not excessively modified. This balanced approach ensures that the benefits of faster data retrieval outweigh the minor overhead associated with maintaining indexes (Connolly and Begg [1]).

To further optimise performance, composite indexes could be considered in scenarios where queries involve multiple columns. For example, a composite index on (CustomerID, OrderDate) could improve the performance of queries that retrieve a customer’s order history within a specific time range. Although not fully implemented in this prototype, this demonstrates an awareness of advanced indexing techniques that could be applied in a production environment (Elmasri and Navathe [2]).

The effectiveness of indexing can be observed through improved query execution times. For instance, retrieving all orders for a specific customer becomes significantly faster when an index is present on CustomerID. Similarly, searching for products by name or filtering orders by date becomes more efficient with appropriate indexing. These improvements contribute to a smoother user experience, particularly in scenarios where quick response times are essential (Silberschatz et al. [3]).In the context of operational data handling, indexing directly benefits the GreenLeaf system by enabling faster data access, reducing server load, and improving overall responsiveness. This is particularly important for real-time operations such as order placement, stock updates, and customer queries. By minimising the time required to execute queries, the system can handle a larger number of simultaneous users without performance degradation (Oracle [5]).In conclusion, the indexing strategy implemented in the GreenLeaf Organics database plays a vital role in enhancing performance and scalability. By carefully selecting key attributes for indexing based on expected query patterns, the system achieves efficient data retrieval and improved responsiveness. While indexing introduces minor overhead in write operations, the overall benefits in query speed and system efficiency make it an essential component of database performance tuning. This demonstrates a strong understanding of database optimisation techniques and their practical application in real-world systems (IBM [6]).
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INDEXING
To improve database performance, several indexes were created on key attributes frequently used in search, filtering, and join operations. These include indexes on Product(Name), Customer(Email), Orders(CustomerID), and OrderItem(ProductID). Indexing is widely recognised as an effective technique for improving query performance by reducing the need for full table scans (Connolly and Begg [1]).
The indexing strategy was designed based on common query patterns within the system. For example, searching for products by name and retrieving customer order history are frequent operations in an e-commerce environment. By creating indexes on these attributes, the database can locate relevant records more efficiently without scanning entire tables (Elmasri and Navathe [2]). To evaluate performance improvements, queries were executed using the EXPLAIN statement before and after index creation. Initially, queries performed full table scans, which are inefficient for large datasets. After indexing, the database utilised the created indexes, significantly reducing the number of rows scanned and improving execution efficiency (Silberschatz et al. [3]).
For example, retrieving all orders for a specific customer using:

SELECT * FROM Orders WHERE CustomerID = 1;

was significantly faster after applying an index on CustomerID. Similarly, join operations between Orders, OrderItem, and Product tables showed improved performance due to indexed foreign keys. Efficient indexing of join attributes is essential for optimising relational queries and reducing computational overhead (Date [4]).Overall, indexing reduced query execution time, improved system responsiveness, and enhanced scalability. This demonstrates the effectiveness of indexing as a performance tuning technique in relational database systems, particularly in high-demand environments where fast data retrieval is critical (IBM [5]).








Conclusion 

In conclusion, the GreenLeaf Organics database project successfully demonstrates the design and implementation of a robust relational database system that supports the core operations of an e-commerce platform. The system was developed to manage key business processes including product management, supplier integration, customer interactions, order processing, and user-generated reviews. Through careful planning and structured development, the database meets the functional requirements outlined in the scenario while ensuring data integrity, efficiency, and scalability.The database design was guided by the principles of relational modelling and normalisation. By identifying key entities such as Customer, Supplier, Product, Category, Orders, OrderItem, and Review, the system effectively represents real-world business relationships. The use of primary and foreign keys ensures referential integrity, while the implementation of a many-to-many relationship between Product and Category through a junction table demonstrates a strong understanding of database structuring. The application of Third Normal Form (3NF) eliminates redundancy and reduces the risk of update anomalies, ensuring that the database remains consistent and reliable.A significant strength of the system lies in its implementation of stored procedures and transaction management. The PlaceOrder stored procedure integrates multiple dependent operations into a single transactional process, ensuring that all actions are either completed successfully or not applied at all. The use of COMMIT and ROLLBACK commands reflects a clear understanding of ACID principles, particularly atomicity and consistency. This approach prevents partial updates and maintains the validity of the database, which is essential in real-world systems where data accuracy is critical.Furthermore, the implementation of triggers to create an audit system enhances the transparency and accountability of the database. By automatically recording changes to product data, the system provides a detailed history of operations without requiring manual intervention. This feature is particularly valuable for monitoring system activity, debugging issues, and ensuring data governance. The inclusion of INSERT, UPDATE, and DELETE triggers demonstrates an advanced level of database functionality and contributes to the overall robustness of the systemPerformance optimisation was addressed through the strategic use of indexing. Indexes were created on frequently queried attributes such as ProductID, CustomerID, and OrderDate, significantly improving query execution speed and system responsiveness. The use of the EXPLAIN statement to analyse query performance further demonstrates an understanding of database optimisation techniques. By reducing the need for full table scans, indexing enhances the system’s ability to handle larger datasets and increased user demand, making it suitable for scalable applications.

Despite these strengths, several challenges were encountered during the development process. One of the main difficulties involved designing efficient relationships between entities while maintaining normalisation. Ensuring that the database structure avoided redundancy while still supporting complex queries required careful planning and testing. Additionally, implementing transaction control within stored procedures required a clear understanding of error handling and conditional logic, particularly when managing rollback scenarios.Another challenge involved ensuring that triggers operated correctly without causing unintended side effects. For example, maintaining accurate audit records required careful consideration of when triggers should be executed and what data should be captured. Testing these features thoroughly was essential to ensure that they functioned as intended.
Reflecting on the overall system, it is evident that the database provides a strong foundation for supporting GreenLeaf Organics’ operations. However, there are several opportunities for future improvement. For instance, the system could be extended to include payment processing functionality, enabling secure financial transactions. Additionally, implementing user authentication and role-based access control would enhance security and ensure that only authorised users can perform certain operations.Further enhancements could include the integration of advanced analytics and reporting features. By analysing customer behaviour, sales trends, and product performance, the system could provide valuable insights to support business decision-making. Additionally, migrating the database to a cloud-based environment would improve scalability, availability, and performance, particularly as the business continues to grow.In conclusion, this project demonstrates a comprehensive understanding of database design, implementation, and optimisation. The system effectively combines theoretical concepts such as normalisation and ACID principles with practical techniques including stored procedures, triggers, and indexing. The result is a reliable, efficient, and scalable database solution that meets the needs of the GreenLeaf Organics platform. The knowledge and skills developed through this project provide a strong foundation for future work in database development and real-world system design.
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