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[bookmark: _Toc223888773]1. Introduction:
GreenLeaf Organics is a UK-based company that specializes in organic food products, personal care products, and household products. As the company is expanding and trying to increase its online presence, it needs a powerful and highly scalable database system to efficiently manage suppliers, products, customers, orders, and reviews. Keeping this in mind, the GreenLeafDB system has been designed to provide a structured relational database that can efficiently store and manage critical business information.
The proposed database is needed to manage different business processes such as managing suppliers and products, inventory control, managing customers’ registrations, orders, and reviews. It can also be used as a foundation to automate different processes using stored procedures, transaction control, and auditing triggers.
This report presents the complete design and implementation of the GreenLeafDB system. It includes the design and implementation of the database schema using an Entity-Relationship Diagram (ERD), creating tables with constraints, populating tables with sample data, stored procedures and transaction control, triggers for auditing, query optimization using indexes, and literature support. In addition to that, the report includes reflection on the implementation process, challenges faced during the project, and how it can be improved in the future.
[bookmark: _Toc223888774]2. Database Design:
[bookmark: _Toc223888775]2.1 System Entities
In GreenLeafDB, there are various entities, including Supplier, Product, Category, Customer, Orders, OrderItem, ProductCategory, and Review. In this system, Supplier represents a certified organic supplier, holding data such as supplier name, email, phone, address, and supplier status. A supplier supplies a product, and this product is represented in GreenLeafDB using a unique identifier in the Product table.
In GreenLeafDB, Category represents a category of products, such as “Organic Vegetables” and “Eco Household,” where a product may belong to more than one category. This is because a product may belong to more than one category; thus, a many-to-many relationship exists in this case. Customer represents a data structure holding information regarding a client purchasing a product. 
In GreenLeafDB, Orders are represented in a table holding data related to a purchase transaction. OrderItem represents a data structure holding data regarding a product purchased.
In GreenLeafDB, Review represents a data structure holding data regarding a review of a product and supplier by a client.

[bookmark: _Toc223888776]2.2 Relationships
GreenLeafDB also utilizes foreign key relationships to store the interactions between tables while maintaining the integrity of the data stored. The relationship between Supplier and Product is a one-to-many relationship since a single supplier can provide many products. Conversely, a single product will be provided by a single supplier.
A customer can place many orders with the store, while a single order can be made by a single customer.
The relationship between the Orders table and the OrderItem table is also a one-to-many relationship since all the products for a given order will be stored.
Lastly, the many-to-many relationship between the Product table and the Category table is facilitated by the ProductCategory table. Using this table, a product can be categorized into many categories, while a single category can contain many products.
Additionally, the Review table stores the relationship with the Product table, the Customer table, and the Supplier table. Using this table, a customer can be able to give a rating for a product or a supplier.
Relationships between tables are also enforced through cascading operations. For instance, if a product is deleted from the database, the order items for the product or the product categories will be deleted from the database to maintain the integrity of the database.












[bookmark: _Toc223888777]2.3 ERD Explanation
[image: ]
Figure. (1) – ERD Diagram
The Entity-Relationship Diagram (ERD) shows how the data is represented within the database. In the ERD provided for the GreenLeafDB database, we can see how the different entities within the database relate to each other. The relationship between Supplier and Product is represented as a foreign key relationship between the two entities, which shows that one supplier can provide many products.
In the ERD provided, we can see how Customer relates to Orders and then to OrderItem, which shows how the e-commerce business model functions.
In the ERD provided, we can see how Product relates to Category through the many-to-many relationship represented by the bridge table ProductCategory with composite primary keys.
In the ERD provided, we can see how Review relates to Customer, Product, and Supplier, which shows that the review is associated with the product as well as the supplier.
Each entity within the ERD has key attributes represented as primary keys and foreign keys that ensure that there is no data redundancy.
This ERD provides a clear blueprint that can be used to implement the database within the SQL Workbench environment. It ensures that we understand how the different entities interact with each other while minimizing any form of data redundancy. It can also be used as a reference to create the different tables within the database environment.
[bookmark: _Toc223888778]2.4 Normalization (3NF)
Normalization techniques are applied to the GreenLeafDB to minimize redundancy, data anomalies, and maintain the integrity of the data. The database schema follows the Third Normal Form (3NF).
In the 1NF, the tables contain atomic values with unique records. No repeating groups or columns with single values are allowed. For instance, the product categories are not stored as a comma-separated string in the Product table. Instead, a bridge table, ProductCategory, stores the product categories.
In the 2NF, all the non-key attributes depend on the entire primary key. For example, the Quantity and UnitPrice attributes in the OrderItem table depend on the entire primary key OrderID and ProductID.
In the 3NF, all the non-key attributes depend on the primary key and not on any other non-key attributes. For instance, the Certification Details and Address attributes for suppliers are stored only on the Supplier table. These attributes are not stored in the Product or Review tables.
In the 3NF, transitive dependencies do not occur. For example, the address and contact information of the customer are stored only on the Customer table. No information about the customer’s address or contact information is stored in the Order or Review tables.
This ensures that the information about the customer’s address or contact information can be updated once on the Customer table without having to update the Order or Review tables.
In the 3NF normalization technique, the database schema for the GreenLeafDB optimizes the integrity of the data with minimal redundancy for easy maintenance while ensuring the scalability of the database for future business requirements.
[bookmark: _Toc223888779]3. Implementation Documentation
[bookmark: _Toc223888780]3.1 Database Creation
The first step in implementing GreenLeafDB was creating a dedicated database. Using MySQL Workbench, the following commands were executed:
[image: ]
Figure. (2) – Screenshot 1
Screenshot 1 shows the execution of these commands. The CREATE DATABASE statement initializes a new relational database environment for GreenLeaf Organics, and the USE statement sets the active database context. By creating a separate database, all subsequent tables, constraints, and procedures are isolated and managed efficiently. This setup allows for scalability and avoids conflicts with other projects or system databases.
The database creation ensures a controlled environment where data integrity and schema management are centralized, providing a foundation for all subsequent operations.
[bookmark: _Toc223888781]3.2 Table Creation
Once the database was created, tables corresponding to the ERD were implemented. Each table incorporates primary keys, foreign keys, and constraints to enforce data integrity.
For example, the Supplier table was created with:
[image: ]
Figure. (3) – Screenshot 2
Screenshot 2 demonstrates the creation of the Supplier table. All columns are clearly defined, with SupplierID serving as the primary key, ensuring uniqueness for each supplier record. The Email column has a unique constraint to prevent duplicate supplier registrations.
Similarly, the Product table links to Supplier via a foreign key:
[image: ]
Figure. (4) – Screenshot 3

This relationship ensures that every product is associated with a valid supplier, and deleting a supplier automatically removes related products, maintaining referential integrity.
All tables — including Customer, Orders, OrderItem, Category, ProductCategory, and Review — were created with primary keys, foreign keys, and additional constraints such as CHECK for ensuring valid price, quantity, and rating ranges. 






[bookmark: _Toc223888782]3.3 Constraint Implementation
Constraints are fundamental to enforcing business rules at the database level. In GreenLeafDB, several types of constraints were implemented:
1. Primary Key – Ensures uniqueness (e.g., SupplierID, ProductID, OrderID).
2. Foreign Key – Maintains relationships (e.g., Product → Supplier, OrderItem → Orders and Product).
3. Unique Key – Prevents duplicate entries (e.g., Customer email, Category name).
4. Check Constraints – Ensures valid ranges for numeric fields:

[image: ]
Figure. (5) – Screenshot 4
Screenshot 4 illustrates the constraints being enforced when attempting to insert invalid data, confirming that the database correctly prevents erroneous entries.
These constraints guarantee that the data stored in the system remains accurate, consistent, and compliant with the business rules.
[bookmark: _Toc223888783]3.4 Sample Data Insertion
After creating tables and constraints, realistic sample data was inserted to simulate actual system operations. For example, the Supplier table was populated with:
[image: ]
Figure. (6) – Screenshot 5
Screenshot 5 shows the inserted records in the table. Similar inserts were performed for Product, Category, Customer, Orders, OrderItem, and Review tables.
Populating the database with realistic data allows testing of queries, transactions, and stored procedures, ensuring that the system functions correctly under conditions similar to real-world operations.
[bookmark: _Toc223888784]3.5 Trigger Execution
Triggers were implemented to automatically track critical changes and enforce business rules. For instance, a trigger was created to log any price changes in the Product table:
[image: ]
Figure. (7) – Screenshot 6
Screenshot 6 demonstrates trigger creation and subsequent execution when updating a product price. This ensures auditing and accountability without manual intervention, providing a historical record of all price modifications.
[bookmark: _Toc223888785]3.6 Stored Procedure Execution
Stored procedures were created to encapsulate repetitive operations and maintain transaction integrity. For example, a stored procedure was implemented to place an order:
[image: ]
Figure. (8) – Screenshot 7

Screenshot 7 shows the stored procedure execution, demonstrating transaction handling with COMMIT and ROLLBACK. This ensures that orders are only finalized when all operations succeed, maintaining database integrity.





[bookmark: _Toc223888786]4. Performance Tuning Enhancement
[bookmark: _Toc223888787]4.1 Indexing Strategy
In order to enhance the performance of the GreenLeafDB database system, the columns were indexed, especially the ones frequently utilized during the database queries and table joins. Indexing provides a data structure through which the database engine can retrieve the data more efficiently instead of having to scan the database table. During the course of this project, the database indexing strategy involved the creation of indexes on the foreign key columns and the frequently searched columns.
The database indexing strategy involved the improvement of database operations, especially the ones involving the use of multiple tables, including the Product, Supplier, Orders, and OrderItem tables. These tables are the core of the marketplace database system and, therefore, the improvement of the database operations on these tables enhances the overall database performance.
[bookmark: _Toc223888788]4.2 Index Implementation
Indexes were created on several important columns within the database schema. For example, the SupplierID column in the Product table was indexed because it is frequently used when retrieving products supplied by a particular supplier. Similarly, the CustomerID column in the Orders table was indexed to speed up queries that retrieve all orders placed by a specific customer. Additional indexes were created on ProductID in the OrderItem and Review tables to improve product-related queries.
Example index creation:
[image: ]
Figure. (9) – Screenshot 8
These indexes help MySQL locate matching rows faster when performing joins and filtering operations.


[bookmark: _Toc223888789]4.3 Performance Benefits
The major advantage of using indexes is the improvement of the performance of queries. When there is no index, the database management system has to scan the table, checking each record to find the required information. However, this is not efficient, especially for large databases. On the other hand, the use of indexes enables MySQL to retrieve the required records efficiently, thus speeding up the process of searching for records.
Consequently, the database management system is able to efficiently retrieve customer orders, search for products based on the supplier, and retrieve order information. Using indexes reduces the workload, ensuring that the GreenLeafDB database management system is efficient, thus enabling the database to scale.

4.4 Example Query Optimization
An example of query optimization can be observed when retrieving product and supplier information. The following query joins the Product and Supplier tables:
[image: ]
Figure. (10) – Screenshot 9
Since the SupplierID column is indexed, the database engine can quickly identify matching rows without scanning the entire Product table. This significantly reduces query execution time and improves overall system efficiency, especially when dealing with large datasets.


[bookmark: _Toc223888790]5. Literature Support for Design and Implementation Choices
The implementation of the GreenLeafDB system incorporates several important database management concepts such as transactions, commit and rollback operations, stored procedures, triggers, and indexing. These techniques are widely recognized in database research and industry practice for improving data integrity, reliability, and system performance.
[bookmark: _Toc223888791]5.1 Transactions:
A database transaction represents a sequence of operations that must be executed as a single logical unit of work. Transactions ensure that complex operations involving multiple queries maintain database consistency. In the GreenLeafDB system, transactions are used in the stored procedure responsible for placing customer orders. This procedure inserts records into the Orders table, adds related records in the OrderItem table, and updates product stock levels. These operations must either be completed successfully together or fail together to avoid inconsistent data.
According to database research [1], a transaction guarantees the ACID properties: Atomicity, Consistency, Isolation, and Durability, which ensure reliable processing of database operations even when errors occur or multiple users access the system simultaneously. Atomicity ensures that a transaction is executed completely or not at all, which is particularly important in systems where several related tables are updated within a single operation. In the context of the GreenLeafDB database, the order placement process requires atomic execution so that partial orders are not recorded if any part of the operation fails. 
[bookmark: _Toc223888792]5.2 Commit and Rollback:
Commit and rollback statements are fundamental components of transaction management. The COMMIT command permanently saves all changes made during a transaction, while the ROLLBACK command cancels the transaction and restores the database to its previous state if an error occurs.
In the GreenLeafDB implementation, commit and rollback are used within stored procedures to ensure reliable order processing. For example, during the order placement transaction, the system creates an order record, inserts order items, and updates inventory quantities. If any step fails (such as insufficient stock or a constraint violation), the rollback operation reverses all changes made during the transaction. This ensures that incomplete or incorrect data does not remain in the database.
Transaction control mechanisms are essential for preventing data inconsistency in multi-step operations. If only some of the steps succeed, the database could enter an inconsistent state where orders exist without corresponding items or product quantities are incorrectly updated. By using commit and rollback commands, the system maintains reliable and consistent data management [2]. 
[bookmark: _Toc223888793]5.3 Stored Procedures:
Stored procedures are reusable SQL programs stored directly within the database management system. They are widely used to encapsulate complex database operations and improve application efficiency. In the GreenLeafDB system, stored procedures were created to perform common operations such as inserting new products, updating product prices, deleting products, and processing customer orders.
Stored procedures provide several advantages including improved performance, reduced network traffic, and better security [3]. Since stored procedures are executed within the database server, they eliminate the need for repeated communication between the application and the database, resulting in faster execution of complex operations. Additionally, stored procedures centralize business logic inside the database, making the system easier to maintain and update [4].
In the context of the GreenLeafDB database, stored procedures ensure that key operations such as order processing and product management follow consistent rules and are executed efficiently.
[bookmark: _Toc223888794]6. Triggers:
Triggers are special types of stored procedures that automatically execute when certain events occur within a database table, such as INSERT, UPDATE, or DELETE operations. Triggers are commonly used to enforce business rules, maintain data consistency, and implement auditing mechanisms [5].
In the GreenLeafDB implementation, triggers are used to track product price changes. When a product price is updated, the trigger automatically records the old and new values in an audit table. This provides a history of changes and improves transparency in the system.
Triggers enhance database functionality by enabling automated responses to data modifications. They also help enforce integrity rules and ensure that important system actions occur automatically without requiring manual intervention. Database documentation highlights triggers and procedures improve database efficiency and standardization by executing logic directly within the database environment [6].
[bookmark: _Toc223888795]7. Indexing and Query Optimization:
Database indexing is a performance optimization technique that allows faster retrieval of data from tables. Indexes create a data structure that allows the database management system to locate records quickly without scanning the entire table.
In the GreenLeafDB system, indexes were created on frequently accessed columns such as SupplierID, CustomerID, and ProductID. These columns are commonly used in join operations and filtering queries when retrieving products, orders, and customer data.
Indexing significantly improves query performance by reducing search time and improving the efficiency of data retrieval. Research in database systems shows that indexing enables database engines to process queries more efficiently by minimizing full table scans and enabling faster access to relevant records [7].
For the GreenLeafDB system, indexing supports efficient execution of operational queries such as retrieving products by supplier, viewing customer orders, and joining product data with category or supplier information.



[bookmark: _Toc223888796]6. Conclusion and Reflection
The database system design and implementation for the GreenLeaf organic marketplace platform were successful and have provided the necessary support to the operations of the platform. It has managed the key entities involved with the operation of the platform, including the suppliers, products, customers, orders, categories, and reviews, through the use of a relational database model. It has ensured the maintenance of all the data within the database through the use of the appropriate keys and data integrity constraints. It has also improved data organization through the normalization of the database to Third Normal Form (3NF). It has also improved the database system through the use of stored procedures, triggers, and transactions, which have automated the operations of the database and ensured the processing of orders and the recording of critical changes to the database, including the update of product prices [8].
During the development of the database system, some challenges were encountered, especially during the design and implementation of relationships between the database tables and the proper application of the foreign key constraint to the database schema. It also involved the design and implementation of transactions with the ability to commit and roll back the operations performed on the database to ensure the integrity of the database during the processing of operations with conditional statements. However, the challenges were solved through the use of queries to test the database and the improvement of the stored procedures to handle any errors that might have occurred during the database operations [9].
From the database system design and implementation project, some knowledge was gained about the design and implementation of relational database systems, normalization techniques, and the use of SQL triggers, stored procedures, and other database operations. It has also provided knowledge of the importance of database performance optimization and data management techniques [10].
Some improvements to the database system could involve the addition of security features to the database system, including the ability to authenticate users and provide role-based access control to the database system. It could also involve the design and implementation of additional queries to support the generation of reports and the creation of a web interface to the database system to support the operation of the e-commerce platform.
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