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Introduction
GreenLeaf Organics is an emerging leader in the United Kingdom’s sustainable and eco‑conscious retail sector, offering a diverse range of certified organic foods, environmentally friendly personal care items, and biodegradable household products. As consumer awareness of health and environmental impact continues to grow, the company has experienced a significant rise in demand for its ethically sourced goods. This expansion has encouraged GreenLeaf Organics to enhance its operational capabilities and strengthen its digital presence to better serve its expanding customer base. To support this strategic growth, the organisation is preparing to launch a comprehensive online platform that will streamline product management, customer engagement, and supplier coordination.
The planned platform aims to provide customers with a seamless digital shopping experience, enabling them to browse, purchase, and review organic products sourced from multiple certified suppliers. To achieve this, GreenLeaf Organics requires a robust and scalable relational database system capable of supporting key business functions such as inventory tracking, supplier management, order processing, and user interaction features. A well‑designed database will not only ensure data accuracy and operational efficiency but also provide the foundation for future expansion, analytics, and personalised customer services.
As a database [1] consultant, the objective is to evaluate the company’s requirements, recommend an appropriate database solution, and develop a functional prototype that demonstrates the core capabilities needed for the new platform. This introduction outlines the context, challenges, and goals that will guide the design and implementation of a database system tailored to the needs of GreenLeaf Organics.


1.Database Design
Main Entities, Attributes & Relationships
 1. Product
Key Attributes
· ProductID (PK)
· Name
· Description
· Category
· SupplierID
Relationships
· Each product is supplied by one Supplier
· Each product can have many Reviews
· Each product can appear in many OrderItems
· Each product may have one Organic Certification
2. Supplier
Key Attributes
· SupplierID (PK)
· SupplierName
· ContactEmail
· Phone
· Address

Relationships
· A supplier provides many Products
3. Customer
Key Attributes
· CustomerID (PK)
· FirstName
· LastName
· Email
· Phone


Relationships
· A customer can place many Orders
· A customer can write many Reviews
4. Order

Key Attributes
· OrderID (PK)
· CustomerID (FK)
· OrderDate
· TotalAmount
· PaymentStatus
Relationships
· An order contains many OrderItems
· An order belongs to one Customer
5. Review
Key Attributes
· ReviewID (PK)
· ProductID (FK)
· CustomerID (FK)
· Comment
· ReviewDate
Relationships
· A review is written by one Customer
· A review is about one Product
6. Category
Key Attributes
· CategoryID (PK)
· CategoryName
· Description
Relationships
· A category contains many Products
7. Inventory Transaction
Key Attributes
· TransactionID (PK)
· ProductID (FK)
· TransactionType)
· QuantityChange
· TransactionDate
Relationships
Each transaction relates to one product
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Figure 1ERD Diagram
2. Database Implementation
1. Populate tables with realistic sample data
Product
[image: ]


Figure 2 Product
Supplier
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Figure 3 supplier
Customer
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Figure 4 customer
Order
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Figure 5 order
Category
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Figure 6 category
Inventory Transaction
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Figure 7 Inventory Transaction
Review
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Figure 8 Review
Normalise to Third Normal Form(3NF)
Customers
Attributes like first_name,email,phone,last_name all depend only on customer_id
Suppliers
Attributes like suppliers_name,address,phone,contact_email all depend only on supplires_id
Product
Attributes like product_name,price,description,category all depend only on product_id
Orders
Attributes like payment_statues,total_amount,date all depend only on order_id
Review
Attributes like date,comment all depend only on review_id

3. Literature Support
Transactions

Transactions [2] play a fundamental role in ensuring the reliability, accuracy, and operational stability of GreenLeaf Organics’ online platform, particularly as the organisation transitions into a digital environment that requires precise coordination of order processing, inventory management, and customer interactions. Academic literature consistently emphasises that transactions, governed by the ACID properties Atomicity, Consistency, Isolation, and Durability form the backbone of dependable database systems. Atomicity ensures that complex operations such as placing an order, updating stock levels, and recording payment details are executed as a single indivisible unit, preventing partial updates that could compromise data integrity. Silberschatz, Korth and Sudarshan highlight that complete execution is essential to maintaining correctness within relational systems, reinforcing the need for atomic transactional behaviour in any e‑commerce context.
Consistency further guarantees that every transaction transitions the database from one valid state to another, preserving business rules such as preventing negative stock or incomplete orders. Isolation is particularly critical for GreenLeaf Organics, as multiple customers may simultaneously attempt to purchase the same organic products. Without proper isolation, concurrency anomalies such as lost updates, dirty reads, and inconsistent stock levels could occur. Bernstein and Goodman’s foundational work on concurrency control demonstrates that isolation mechanisms are essential to prevent such anomalies and ensure that concurrently executing transactions do not interfere with one another’s correctness. This is vital for maintaining accurate stock levels and ensuring fair, predictable behaviour for all customers interacting with the platform.
Durability ensures that once a transaction is committed, its effects persist even in the event of system failures, safeguarding the long‑term reliability of e‑commerce operations. Gray and Reuter emphasise that durability protects committed data from loss during crashes or power failures, which is essential for maintaining customer trust and operational continuity. Peer‑reviewed studies in the Journal of Database Management further reinforce that transactional mechanisms underpin reliable online commerce by supporting accurate analytics, preventing data corruption, and ensuring seamless user experiences. Therefore, implementing transactions within the GreenLeaf Organics database is not merely a technical preference but a critical, academically supported requirement for ensuring data integrity, operational reliability, and sustainable growth of the organisation’s digital platform.
Commit and Rollback
The use of commit and rollback [3] commands is essential for ensuring the reliability and integrity of transactional operations within the GreenLeaf Organics database, particularly as the organisation expands its online platform to support real‑time ordering, inventory updates, and customer interactions. Academic literature consistently emphasises that these mechanisms are fundamental to enforcing the ACID properties that underpin robust transaction management in relational database systems. A commit operation finalises all changes made during a transaction, ensuring that the database transitions to a new, valid state once the transaction has successfully completed. This behaviour aligns with the Durability property, which guarantees that committed data persists even in the event of system failures, a principle highlighted by Gray and Reuter in their foundational work on transaction processing.
In contrast, rollback provides a critical safeguard that allows the system to reverse all changes made during a transaction if an error, constraint violation, or interruption occurs. This mechanism supports the Atomicity property, which requires that a transaction must either be executed in full or not executed at all. Silberschatz, Korth and Sudarshan emphasise that rollback operations prevent partial updates that could compromise data integrity, ensuring that the database remains consistent even when unexpected issues arise. For GreenLeaf Organics, this means that if a customer’s payment fails or stock levels are insufficient, the entire transaction can be safely undone without leaving incomplete or inaccurate records.
Together, commit and rollback form the operational foundation of reliable transaction control, ensuring that the database remains accurate, predictable, and resilient under conditions of high concurrency and operational complexity. Peer‑reviewed research reinforces that these mechanisms are indispensable for safeguarding data integrity in e‑commerce environments, making them vital to the stability, trustworthiness, and long‑term sustainability of GreenLeaf Organics’ digital platform.
Stored Procedures
Stored procedures [4] play a critical role in the design of GreenLeaf Organics’ relational database, offering performance, security, and consistency benefits that are well supported in academic literature. As the company expands into a comprehensive online retail platform, the need for efficient and reliable data processing becomes essential. Stored procedures address this by enabling pre‑compiled and optimised execution plans, which reduce parsing time and improve overall system responsiveness. Elmasri and Navathe (2016) emphasise that this pre‑compilation significantly enhances performance in high‑transaction environments, making stored procedures particularly suitable for e‑commerce operations such as order placement and inventory updates.
Beyond performance, stored procedures strengthen data integrity by centralising business logic within the database layer. Harrington (2016) notes that embedding validation rules and transactional controls in stored procedures ensures consistent enforcement of constraints, reducing the likelihood of data anomalies across different application interfaces. This is especially important for GreenLeaf Organics, where accurate stock levels, supplier certifications, and customer order histories must be maintained with precision.
Security is another major advantage. Research by Halfon, Viegas, and Orso (2006) demonstrates that stored procedures mitigate SQL injection risks by enforcing parameterised execution, thereby preventing malicious manipulation of queries. Bertino and Sandhu (2005) further argue that stored procedures support fine‑grained access control, allowing users to perform necessary operations without direct table permissions. This is vital for protecting sensitive customer and supplier information.
Finally, stored procedures enhance maintainability and scalability. Connolly and Begg (2015) highlight that centralising logic within the database simplifies updates and supports long‑term system evolution. For GreenLeaf Organics, this ensures that new features can be integrated smoothly as the business grows.
Triggers
Triggers [5]provide an essential mechanism for maintaining data accuracy, enforcing business rules, and automating system behaviours within GreenLeaf Organics’ relational database. Academic research consistently highlights that triggers support real‑time enforcement of constraints by executing predefined actions automatically in response to data modifications. Elmasri and Navathe (2016) emphasise that this automation ensures immediate consistency across related tables, which is crucial for an online retail environment where inventory levels, order statuses, and supplier records must always remain synchronised. For GreenLeaf Organics, triggers can automatically adjust stock quantities after purchases, update audit logs, or validate supplier certifications without relying on application‑layer logic.
Triggers also strengthen data integrity by embedding rule enforcement directly within the database. Connolly and Begg (2015) argue that triggers provide a robust method for enforcing complex constraints that cannot be captured through declarative integrity rules alone. This is particularly relevant for GreenLeaf Organics, where organic certification requirements, product expiry checks, and supplier compliance rules may require conditional logic that triggers can reliably implement. By centralising these rules, the system reduces the risk of inconsistent behaviour across different application interfaces.
Security and auditing are further advantages supported in the literature. Bertino and Sandhu (2005) note that triggers enable automatic creation of audit trails, ensuring accountability and traceability for sensitive operations such as price changes or customer data updates. This aligns with GreenLeaf Organics’ need to maintain transparent and compliant data practices. Additionally, research by Schneier (2015) highlights that automated auditing mechanisms reduce opportunities for unauthorised or unnoticed data manipulation.
Finally, triggers enhance maintainability by reducing redundant code across the application stack. Harrington (2016) explains that embedding automated behaviours within the database simplifies system evolution, ensuring that critical operations continue to execute consistently as the platform scales.
Indexing
Indexing [6]is a fundamental optimisation technique in relational database systems, and its use is strongly supported in academic literature due to its significant impact on query performance, scalability, and data retrieval efficiency. For GreenLeaf Organics, which requires rapid access to product catalogues, customer records, and order histories, indexing is essential for ensuring that the online platform remains responsive under increasing workloads. Elmasri and Navathe (2016) explain that indexes reduce the number of disk I/O operations required to locate data, enabling faster search, filtering, and sorting operations. This is particularly important for e‑commerce environments where customers expect real‑time responses when browsing products or checking stock availability.
Beyond performance, indexing contributes to system scalability. Silberschatz, Korth, and Sudarshan (2019) highlight that as datasets grow, sequential scanning becomes increasingly inefficient, making indexes critical for maintaining acceptable query performance. For GreenLeaf Organics, indexing key attributes such as product IDs, supplier IDs, and order dates ensures that the database can support higher transaction volumes as the business expands. Academic research also emphasises the importance of using appropriate index structures. B‑tree and hash indexes, for example, are widely recognised for their efficiency in handling range queries and equality searches, respectively (Harrington, 2016).
Indexing also enhances the effectiveness of relational constraints. Connolly and Begg (2015) note that foreign key enforcement and join operations perform significantly better when indexed, reducing the computational cost of maintaining referential integrity. This is crucial for GreenLeaf Organics, where relationships between products, suppliers, and orders must be validated continuously. Overall, indexing provides a robust, academically validated mechanism for improving performance, supporting scalability, and ensuring efficient data management within the GreenLeaf Organics platform.
 Conclusion and Reflection
Conclusion: How the Final Solution Meets GreenLeaf Organics’ Requirements
The completed database solution provides GreenLeaf Organics with a scalable, secure, and fully normalized relational foundation for their new online platform. The ERD clearly models all essential business entities customers, suppliers, products, inventory, orders, order items, and reviews ensuring that every aspect of the organisation’s operations is represented accurately and efficiently. By separating concerns across multiple well‑structured tables, the design supports reliable inventory tracking, supplier management, order processing, and customer engagement.
The implementation of transaction‑safe stored procedures for CRUD operations ensures that all data‑modifying actions are atomic and protected against partial updates or inconsistencies. This is particularly important for e‑commerce workflows, where order creation, stock updates, and payment processing must be handled with precision. The database therefore meets the organisation’s need for reliability, integrity, and future scalability as customer demand grows.
Overall, the solution aligns with GreenLeaf Organics’ mission of sustainable growth by providing a robust digital backbone capable of supporting their expanding online presence.
Reflection: Challenges, Solutions, and Future Improvements
Designing a database for a real‑world e‑commerce environment presented several challenges. One of the first was ensuring that the schema remained fully normalized while still being practical for everyday operations. Balancing normalization with performance required careful decisions, such as separating inventory into its own table and introducing a dedicated product category entity to avoid redundancy. Another challenge involved modelling relationships that reflect real business logic example, ensuring that orders and order items were structured to support multi‑product purchases without violating 1NF.
Implementing stored procedures with embedded transaction handling also required attention. Ensuring that each procedure could gracefully handle failures and roll back changes was essential for maintaining data integrity. This approach not only strengthened the reliability of the system but also prepared it for more complex workflows, such as multi‑step order processing and automated stock adjustments.
Looking ahead, several improvements could enhance the system further. Introducing audit logging triggers would allow the organisation to track changes to critical tables, improving accountability and traceability. Adding role‑based access control would strengthen security by limiting who can modify sensitive data. As the business grows, the database could also be extended to support supplier performance analytics, customer loyalty programmes, or recommendation engines based on purchase and review history.
In summary, the project successfully delivers a robust and future‑ready database solution while laying the groundwork for continued enhancement as GreenLeaf Organics expands its digital operations.
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