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1. Introduction
GreenLeaf Organics, based in the United Kingdom, is a company built on a genuine passion for sustainability and eco-friendly living. It specialises in organic foods, sustainable lifestyle products, and environmentally conscious home goods. In recent years, the company has grown rapidly, largely because more people are becoming aware of the importance of ethical consumption and greener choices. As a result, GreenLeaf Organics has earned a strong reputation as a reliable provider of certified organic and sustainable products.
With this growth, however, comes increased complexity. The company now manages a variety of daily operations, from working with suppliers and tracking inventory to handling customer relationships, processing orders, and collecting feedback. All these activities generate large amounts of data that need to be organised and accessed efficiently to keep everything running smoothly.
To support this expansion, GreenLeaf Organics needs a robust and flexible online system. At the core of this system is a well-designed relational database, which helps organise data, reduce duplication, and ensure accuracy [1]. This will allow the company to track products, manage suppliers, and handle customer transactions effectively, while also preparing for future growth and maintaining its commitment to sustainability.
This report provides a detailed database design and implementation plan specifically created to meet the requirements of GreenLeaf Organics. It covers the entire development lifecycle of the database, starting with the conceptual design and the modelling of entities and their relationships [3]. The report then details the schema development and normalization process to ensure data consistency and eliminate redundancy [5]. Subsequent sections address practical implementation aspects, including table creation, constraint enforcement, and sample data population. The discussion extends to stored procedures and transaction management, which are essential for maintaining data integrity during concurrent operations, and performance optimization strategies, which support real-time responsiveness. Finally, the report reflects on the overall effectiveness of the design and its alignment with the company’s operational and strategic goals.
2. Database Design
This section presents the foundational design of the database system developed for GreenLeaf Organics. It outlines the methodological approach adopted, followed by a detailed exposition of entity identification, attribute specification, relationship analysis, normalisation processes, and the resulting entity-relationship model. Collectively, these components establish a robust and coherent logical structure that underpins the subsequent implementation and optimisation phases [2].
2.1 Overview of Design Approach
To establish a solid foundation for the database system, a structured design methodology was employed, prioritising a thorough understanding of GreenLeaf Organics’ operational requirements [8]. The company’s day-to-day activities managing a diverse catalogue of organic products, coordinating with certified eco-friendly suppliers, processing customer orders, and handling product reviews necessitated a design that could support concurrent transactional processing while maintaining data integrity. The approach centred on the systematic identification of business needs, the logical organisation of data entities, and the application of normalisation principles to ensure both scalability and maintainability. As established in the database literature, structured methodologies such as this are fundamental to developing reliable and consistent data management solutions [1].
The approach began with a comprehensive analysis of GreenLeaf Organics’ business operations, including interviews with key stakeholders such as inventory managers, customer service representatives, and supplier coordinators. This analysis informed the identification of key data entities that reflect the company’s unique context, such as supplier certification details a critical attribute given GreenLeaf’s commitment to sourcing only from verified eco-conscious vendors. From this foundation, the design progressed to the detailed specification of each entity and its attributes.
2.2 Entity Identification and Attributes
A critical step in the design process was the precise identification of core entities and their respective attributes, as these form the building blocks of the database schema. For GreenLeaf Organics, the entities were selected to reflect the company’s specific operational domains, including supplier management, product inventory, customer relations, order fulfilment, and feedback collection. The Table 1 enumerates each entity, primary key, and attributes required to capture relevant business information, essential to GreenLeaf Organics’ operations.
	Entity
	Primary Key
	Key Attributes

	Supplier

	Supplier_ID
	company_name,contact_name,  email, phone, address, city, country,  certification,cert_expiry, is_active, created_at

	Product

	Product_ID
	Product_name,supplier_ID,description, unit_price, stock_quantity,unit,sku, org_cert, exp_date,is-active, created_at 

	Category

	Category_ID
	category_name, description, created_at


	Product_Category

	[bookmark: _Int_wOPsIKQS]Product_Category_ID
	Composite PK junction table resolving M:N relationship

	Customer

	Customer_ID
	Full_name, email,phone, address,city,postcode,country, dob,is_active, created_at

	Order

	Order_ID
	customer_id (FK), order_date, status, total_amount, shipping_address, notes

	Order_Item

	Order_Item_ID
	order_id (FK), product_id (FK), quantity, unit_price, subtotal

	Review

	Review_ID
	product_id (FK), customer_id (FK), rating (1-5), review_text,review_date is_verified

	Audit_Log
	Audit_ID 
	table_name, operation, record_id, old_values, new_values, change_timestamp



Table 1: GreenLeaf’ s Entity Summary with Primary Keys and Attributes

With the entities and their attributes established, the next phase involved defining how these entities interact with one another within the operational context of the company.
2.3 Relationship Analysis
Understanding how entities interact is essential for constructing a database that accurately reflects GreenLeaf Organics’ real-world business processes [6]. The relationships were derived from the company’s operational workflows, such as how suppliers contribute to product inventory, how customers place orders containing multiple items, and how products are categorised for browsing. This subsection analyses these relationships, detailing cardinalities and participation constraints, and explains how many-to-many associations are resolved through the introduction of associative entities to preserve data integrity and structural clarity.
The following Table 2 represent different relationships between entities:
	
	Supplier
	Product
	Category
	Order
	Customer
	Order_items
	Review

	Supplier
	
	One-to-many
	
	
	
	
	

	Product
	
	
	Many-to-many
	
	
	One-to-many
	One-to-many

	Category
	
	
	
	
	
	
	

	Order
	
	Many-to-many
	
	
	
	One-to-many
	

	Customer
	
	
	
	One-to-many
	
	
	One-to-many

	Order_Items

	
	
	
	
	
	
	

	Review

	
	
	
	
	
	
	


Table 2 GreenLeaf’s Entity relationship
The following relationships were identified between the entities:
 
• Supplier to Product: One-to-Many (1:N). Each supplier provides many products; each product is sourced from exactly one supplier.
• Product to Category: Many-to-Many (M:N). A product can belong to multiple categories (e.g., Chamomile Tea belongs to both "Herbal Supplements" and "Pantry Essentials"); a category contains many products. Resolved via the Product_Category junction table.
• Customer to Orders: One-to-Many (1:N). Each customer can place many orders; each order belongs to one customer.
• Orders to Order_Item: One-to-Many (1:N). Each order contains one or more line items.
• Product to Order_Item: One-to-Many (1:N). A product can appear in many order items.
• Product to Review: One-to-Many (1:N). A product may have many reviews; each review pertains to one product.
• Customer to Review: One-to-Many (1:N). A customer may write many reviews, but only one per product (enforced via unique constraint).
Having defined the entities and their interrelationships, the resulting schema was then subjected to a normalisation process to refine its structural integrity and eliminate potential redundancies.
2.4 Normalisation Process
To ensure data consistency, eliminate redundancy, and prevent update anomalies, the database schema was subjected to a rigorous normalisation process [7]. For GreenLeaf Organics, this was particularly important given the company’s reliance on accurate supplier certification data, up-to-date product information, and consistent customer records. This subsection describes the application of the first three normal forms (1NF, 2NF, and 3NF), illustrating how the schema was progressively refined to achieve an efficient and logically sound structure [4].
First Normal Form (1NF): All attributes were confirmed to contain atomic, indivisible values [6]. For instance, in the initial conceptual model, a Supplier entity might have contained a multi-valued “PhoneNumbers” field; this was decomposed into a single atomic phone attribute per record. Similarly, no repeating groups were present in any table [5].
Second Normal Form (2NF): In tables with composite primary keys, all non-key attributes were verified to depend on the entire primary key. For example, in the Order_Item table, which has a composite key of Order_ID and Product_ID in some conceptual models, attributes such as Quantity depend on the combination of both Order_ID and Product_ID, satisfying 2NF requirements. Partial dependencies were eliminated by separating associative entities where necessary.
Third Normal Form (3NF): Transitive dependencies were removed, ensuring that non-key attributes depend solely on the primary key [5]. A concrete example from GreenLeaf Organics context is the handling of supplier details. Rather than embedding SupplierName, SupplierEmail, and SupplierCertification within each Product record which would create redundancy and risk update anomalies if a supplier’s certification changed these attributes were stored in a dedicated Supplier table. The Product table retains only Supplier_ID as a foreign key, ensuring that supplier information can be updated in a single location while remaining consistently accessible across all associated products [6].
The resulting schema achieves a balance between normalisation for integrity and pragmatic considerations for query performance, ensuring that GreenLeaf Organics database can efficiently support both transactional processing and analytical reporting.
Following the completion of the normalisation process, a visual representation of the schema was developed to provide a clear and accessible overview of the database architecture.
2.5 Entity Relationship Diagram (ERD) Explanation
The Entity Relationship Diagram (provided as a separate .png file in the submission ZIP) illustrates all entities, their attributes, primary keys, foreign keys, and cardinalities using standard crow's foot notation. Key structural features include:
• Supplier [PK: supplier_id] --- 1:N ---> Product [FK: supplier_id]
• Product [PK: product_id] --- M:N via Product_Category ---> Category [PK: category_id]
• Customer [PK: customer_id] --- 1:N ---> Orders [FK: customer_id]
• Orders [PK: order_id] --- 1:N ---> Order_Item [FK: order_id]
• Product [PK: product_id] --- 1:N ---> Order_Item [FK: product_id]
• Product [PK: product_id] --- 1:N ---> Review [FK: product_id]
• Customer [PK: customer_id] --- 1:N ---> Review [FK: customer_id]

Together, the structured methodology, detailed entity definitions grounded in GreenLeaf Organics’ operational context, relationship analysis, normalisation, and visual modelling presented in this section form a comprehensive and coherent database design. This design serves as the foundation for the implementation, transaction management, and performance optimisation strategies discussed in the subsequent sections of this report.





















3. Implementation Documentation
This section documents the practical implementation of the database design for GreenLeaf Organics. It covers the creation of database tables, the application of integrity constraints, the population of the system with realistic sample data, and the execution of validation queries to confirm that the database meets the company’s operational requirements. Screenshots and Word document (in the submission ZIP 1) are provided throughout to illustrate key stages of the implementation process.
3.1 Table Creation and Constraint
All tables were created in MySQL (XAMPP) using CREATE TABLE statements with inline constraints. The full SQL is contained in the accompanying greenleaf_organic.sql file. Key constraints are summarised in table 3: 
	Constraint Type
	Location

	Example / Purpose

	PRIMARY KEY
	All tables
	AUTO_INCREMENT PK on each entity table; composite PK on Product_Category

	FOREIGN KEY
	Product, Orders, Order_Item, Review, Product_Category
	Referential integrity enforced with ON DELETE RESTRICT/CASCADE

	UNIQUE
	Supplier.email, Customer.email, Product.sku
	Prevents duplicate registrations and SKU conflicts

	NOT NULL
	Key business fields
	company_name, product_name, unit_price, customer email etc.

	CHECK
	Product, Review, Orders
	unit_price > 0, rating BETWEEN 1 AND 5, status IN allowed values

	DEFAULT
	Multiple tables
	is_active=TRUE, created_at=CURRENT_TIMESTAMP, country='UK'

	GENERATED
	Order_Item.subtotal
	subtotal auto-computed as quantity * unit_price (STORED)


Table 3: Constraint Implementation Summary

The constraints collectively ensure data consistency and prevent invalid data entry, thereby supporting GreenLeaf Organics’ operational reliability and data quality standards [5].
With the schema fully defined and constraints in place, the next phase involved populating the database with realistic sample data to simulate the company’s actual business operations.
3.2 Sample Data Population
To validate the database structure and demonstrate its functionality, realistic sample data was inserted into all tables. For GreenLeaf Organics, this meant populating the system with data reflective of its product catalogue including organic foods, sustainable household goods, and eco-friendly personal care items along with fictitious but plausible suppliers, customers, orders, and reviews. A summary of the data volumes is shown in Table 4 below:
	Table
	Records

	Notes

	Supplier
	5
	UK-based certified organic producers

	Category
	7
	From "Organic Vegetables" to "Eco Household"

	Product
	15
	Across all categories, with realistic pricing and stock

	Product_Category
	17
	Includes multi-category products

	Customer
	8
	Across UK cities; mix of individual and repeat customers

	Orders
	8
	Various statuses: Delivered, Shipped, Confirmed, Pending

	Order_Item
	23
	Multiple items per order; subtotals auto-generated

	Review
	10
	Ratings 3-5; mix of verified/unverified


Table 4: Sample Data Volume Summary

Following the successful population of sample data, the database was subjected to testing and validation to confirm its capability to support the required business operations.
3.4 Testing and Validation
To ensure that the implemented database meets the functional requirements of GreenLeaf Organics, a series of validation queries were executed. These queries were designed to reflect real-world operations that the company performs daily, such as displaying product listings, organising products by category, retrieving customer order histories, and filtering customer reviews [6]. This subsection presents the testing approach and the results obtained, demonstrating that the database effectively supports the company’s operational needs.
The following validation queries were executed:
· Retrieving Product Listings: A simple SELECT query was executed to display all available products, verifying that the Product table was accessible and contained accurate data. This operation corresponds to the basic functionality required for GreenLeaf Organics’ online storefront.
· Joining Tables to Display Category-Based Products: A query joining the Product, Product_Category, and Category tables was executed to retrieve all products belonging to a specific category, such as “Organic Pantry.” This demonstrates the system’s ability to support intuitive customer navigation and targeted marketing efforts.
· Fetching Customer Order History: A query joining the Order, Order_Item, and Product tables was executed to retrieve the complete order history for a specific customer. This functionality is essential for customer service operations, enabling support representatives to assist with order inquiries and returns.
· Filtering Reviews Based on Ratings: A query on the Review table with a WHERE clause was executed to retrieve all reviews with a rating of four stars or above. This allows GreenLeaf Organics to identify highly rated products for promotional purposes and to monitor customer satisfaction trends.
These tests confirmed that the database supports the required operations effectively and that the schema design including relationships, constraints, and data types functions as intended. Screenshot documentation of the query execution and results is provided in Submission Zip 1.
The implementation phase documented in this section successfully translated the logical database design into a functional physical schema tailored to GreenLeaf Organics’ operational context. The combination of carefully constructed tables, rigorous constraints, realistic sample data, and thorough validation testing establishes a solid foundation for the transaction management and performance optimisation strategies discussed in the following sections.

4. Stored Procedures and Transactional Scenario
This section addresses the implementation of stored procedures and transaction management within the GreenLeaf Organics database system. It explores the strategic importance of encapsulating business logic at the database level and presents a detailed transactional scenario order processing that demonstrates how ACID properties are leveraged to maintain data integrity during critical business operations. The section concludes by illustrating how these mechanisms collectively support the company’s commitment to reliable and consistent order fulfilment.
4.1 Importance of Stored Procedures
Stored procedures serve as a powerful mechanism for encapsulating business logic directly within the database layer. For GreenLeaf Organics, this approach offers significant operational advantages, particularly as the company’s transaction volumes grow with increasing customer demand. This subsection discusses the importance of stored procedures and their relevance to the company’s specific operational context.
By embedding frequently executed operations such as order processing, inventory updates, and customer data management into stored procedures, GreenLeaf Organics can achieve consistent execution of business rules across all application interfaces. As Date [2] notes, stored procedures improve performance by reducing repetitive SQL execution and minimising network traffic between the application server and the database. Additionally, they enhance security by limiting direct table access, allowing users and applications to interact with the database only through controlled, pre-defined interfaces. For a company handling sensitive customer information and financial transactions, this security layer is particularly valuable.
The use of stored procedures also promotes maintainability. Should business rules change for instance, if GreenLeaf Organics introduces a new discount structure or modifies its stock validation logic updates can be made centrally within the stored procedure rather than across multiple application components. This centralised approach reduces the risk of inconsistencies and streamlines future system evolution.
Building upon the foundation of stored procedures, the next subsection addresses the transaction management mechanisms that ensure the reliability of multi-step database operations.
4.2 Transaction Management
Transaction management is a fundamental component of any database system that supports concurrent business operations. For GreenLeaf Organics, where multiple customers may place orders simultaneously and inventory levels must remain accurate, transaction management ensures that critical operations execute reliably without compromising data integrity. This subsection explains the transaction control mechanisms implemented and their relationship to the ACID properties that underpin database reliability.
Transactions were implemented using the following SQL statements:
· START TRANSACTION: Initiates a new transaction, marking the beginning of a logical unit of work.
· COMMIT: Permanently saves all changes made during the transaction to the database.
· ROLLBACK: Reverts all changes made during the transaction, restoring the database to its state prior to the transaction start.
These mechanisms work together to ensure the ACID properties, which are essential for maintaining data integrity in GreenLeaf Organics’ operational environment:
· Atomicity: Ensures that a transaction is treated as a single, indivisible unit. Either all operations within the transaction complete successfully, or none are applied. This prevents scenarios where, for example, an order is recorded but stock levels remain unchanged.
· Consistency: Guarantees that any transaction brings the database from one valid state to another, preserving all defined constraints such as foreign key relationships and check constraints. For GreenLeaf Organics, this means that no transaction can result in negative stock quantities or orphaned order records.
· Isolation: Ensures that concurrently executing transactions do not interfere with one another. When multiple customers place orders simultaneously, each transaction operates as if it is the only activity on the system, preventing phenomena such as lost updates or dirty reads.
· Durability: Guarantees that once a transaction has been committed, its effects persist even in the event of system failure. For GreenLeaf Organics, this ensures that completed orders are never lost and inventory updates remain permanent.
With these transaction control mechanisms established, the following subsection presents a concrete transactional scenario that demonstrates their practical application within the context of GreenLeaf Organics’ order processing workflow.
4.3 Transaction Scenario: Order Processing
To illustrate the practical application of stored procedures and transaction management, a comprehensive order processing scenario was implemented. This scenario reflects a core business operation for GreenLeaf Organics: a customer placing an order for one or more products. The procedure must validate stock availability, create the necessary records, and update inventory levels all within a single atomic transaction to ensure data consistency. This subsection describes the scenario in detail, highlighting the steps involved and the safeguards implemented.
The order processing stored procedure executes the following steps within a single transaction:
1. Stock Availability Verification: For each product in the order, the procedure checks the current stock quantity against the requested quantity. If any product has insufficient stock, the transaction is rolled back and an appropriate error is returned to the application.
2. Order Record Creation: If stock verification succeeds, a new record is inserted into the Order table. This record captures the CustomerID, OrderDate, and initially sets TotalAmount to be calculated based on line items.
3. Order Item Insertion: For each product in the order, a corresponding record is inserted into the OrderItem table. Each record includes the OrderID, ProductID, Quantity, and the current product price. The price is captured at the time of order to maintain historical accuracy, as product prices may fluctuate over time.
4. Stock Level Update: The procedure decrements the stock quantity for each ordered product by subtracting the ordered quantity from the current StockQuantity in the Product table. This update is performed within the same transaction to ensure that inventory adjustments occur only when the order is successfully created.
5. Total Amount Calculation: The total order amount is computed by summing the line item subtotals (Quantity × Price) and updates the TotalAmount field in the Order table.
6. Transaction Finalisation: If all preceding steps execute without error, the transaction is committed, permanently applying all changes. If any step fails—particularly the stock availability check—the transaction is rolled back, leaving the database unchanged.
The following logic governs the transaction outcome:
· If stock is insufficient for any product: The transaction triggers a rollback, preventing partial order creation. An error message is returned to the user indicating which product is out of stock.
· If stock verification succeeds and all operations complete: The transaction is committed, ensuring that the order is recorded, line items are inserted, and inventory levels are updated simultaneously and consistently.
[bookmark: _Int_dJXFhfuz]This implementation ensures several critical business rules for GreenLeaf Organics:
· No negative stock values: The stock verification step prevents orders from being placed when inventory is insufficient, ensuring that stock quantities never fall below zero.
· No incomplete orders: The atomic nature of the transaction guarantees that either the entire order is recorded with all associated line items and stock updates, or no changes are made at all.
· Accurate and consistent data: By encapsulating the entire order processing workflow within a stored procedure managed by transactions, GreenLeaf Organics maintains data integrity across interconnected tables, supporting reliable financial reporting and inventory management.
The stored procedures and transaction management strategies documented in this section provide GreenLeaf Organics with a robust framework for handling critical business operations. The order processing scenario demonstrates how these mechanisms work in concert to enforce business rules, maintain data integrity, and support concurrent user activity—all essential capabilities for a growing e-commerce enterprise. Building upon this transactional foundation, the following section addresses performance optimisation strategies to ensure the database remains responsive as operational demands increase.

5. Performance Tuning Enhancement
This section addresses the performance optimisation strategies implemented to ensure that the GreenLeaf Organics database remains responsive and scalable as transaction volumes increase. It outlines the indexing strategy adopted, provides justification for index selections based on query patterns, demonstrates the impact of indexing through a concrete query example, and summarises the performance benefits achieved. These enhancements are essential for maintaining a seamless user experience across the company's online platform.
5.1 Indexing Strategy
To optimise query performance and ensure efficient data retrieval, a targeted indexing strategy was implemented on the GreenLeaf Organics database. Indexes were strategically created on attributes that feature prominently in the company's most frequently executed queries, balancing the benefits of accelerated read operations against the overhead of index maintenance during write operations. This subsection details the specific indexes created and their alignment with the company's operational query patterns.
The following indexes were implemented:
· Index on Product(Name): Product name searches are among the most common operations performed by customers browsing the GreenLeaf Organics online store. Creating an index on this attribute accelerates product lookups, enabling users to quickly locate items such as "Organic Apple" or "Bamboo Toothbrush Set" without scanning the entire product catalogue.
· Index on Order (customer_id): Retrieving order history for individual customers is a frequent operation, used both by customers viewing their account dashboards and by customer service representatives assisting with inquiries. An index on this foreign key column significantly reduces the time required to locate all orders associated with a specific customer.
· Index on Review (product_id): Displaying product reviews is essential for customer decision-making and for GreenLeaf Organics' commitment to transparency. An index on this foreign key column accelerates queries that retrieve all reviews for a given product, ensuring that rating information loads efficiently on product pages.
These indexes were selected based on an analysis of the query patterns expected in the production environment, prioritising columns that appear in WHERE clauses, JOIN conditions, and ORDER BY operations [8].
Having established the indexing strategy, the next subsection provides a theoretical and practical justification for these choices, drawing on established database principles.
5.2 Justification
The selection of appropriate indexes is critical to achieving optimal database performance without incurring unnecessary overhead. For GreenLeaf Organics, where responsive page loads directly influence customer satisfaction and conversion rates, a well-justified indexing strategy is essential. This subsection explains the rationale behind the chosen indexes and references established principles in database performance optimisation.
Indexes improve query performance by reducing the search space required to locate specific records. As Connolly and Begg [3] observe, indexing allows faster data retrieval by minimising full table scans, replacing them with efficient index traversal methods such as B-tree searches [4]. In the context of GreenLeaf Organics, this translates to significantly reduced query response times for customer-facing operations.
The index on Product (product_name) is justified by the frequency of product search operations. Without an index, each product lookup would require a full table scan a linear search through potentially thousands of product records. With the index, the database engine can locate the desired product in logarithmic time, yielding substantial performance improvements as the product catalogue grows [8].
The index on Order(customer_id) addresses the need for efficient customer order history retrieval [1]. As the company's customer base expands, the Order table accumulates records rapidly. This index ensures that queries fetching orders for a specific customer remain efficient regardless of the total number of orders in the system [1].
The index on Review(product_id) similarly supports efficient retrieval of product reviews. Given that popular products may accumulate hundreds or thousands of reviews, this index ensures that review listings load quickly, enhancing the user experience on product pages [5].
While indexes introduce additional overhead during INSERT, UPDATE, and DELETE operations, the performance gains for read operations which constitute the majority of user interactions on the GreenLeaf Organics platform justify this trade-off [3].
To illustrate the practical impact of this indexing strategy, the following subsection presents a concrete query optimisation example.
5.3 Query Optimisation
The effectiveness of the indexing strategy can be demonstrated by comparing query execution behaviour before and after index implementation [5]. For GreenLeaf Organics, product searches represent a high-frequency operation that directly affects customer experience. This subsection presents an example query and explains how indexing transforms its execution plan to achieve superior performance.
Consider the following query, which retrieves detailed information about a specific product:
SELECT * FROM Product WHERE product_name = 'Organic Spinach';
In the absence of an index on the Name attribute, the database engine would be forced to perform a full table scan, examining every row in the Product table to identify those matching the specified name [6]. As the product catalogue expands GreenLeaf Organics may eventually list hundreds or thousands of products this linear search becomes increasingly inefficient, leading to unacceptable response times [7].
With the index on Product(product_name) implemented, the database engine instead performs an efficient index lookup. Using a B-tree structure, the engine navigates directly to the entries matching 'Organic Spinach', then retrieves the corresponding row pointers to access the full record. This approach reduces the time complexity from O(n) to O(log n), yielding dramatic performance improvements, particularly for large tables [6].
Beyond simple equality searches, the index also accelerates pattern-based searches. For instance, a query using WHERE Name LIKE 'Organic%' would similarly benefit from the index, supporting autocomplete functionality and category-based browsing features that enhance the GreenLeaf Organics user experience.
The cumulative effect of these indexing decisions, combined with the query optimisation they enable, yields measurable performance benefits for the overall system.
5.4 Performance Benefits
The implementation of a targeted indexing strategy delivers tangible performance benefits that directly support GreenLeaf Organics' operational goals. These benefits extend beyond individual query execution to encompass overall system scalability and user satisfaction [6]. This subsection summarises the key performance advantages achieved through the performance tuning enhancements documented in this section.
The following performance benefits were realised:
· Faster Data Retrieval: Indexes reduce query response times for frequently executed operations, ensuring that product searches, order history lookups, and review displays complete within acceptable thresholds. This directly contributes to a responsive and engaging user experience.
· Improved Scalability: By optimising access paths for critical queries, the database is better equipped to accommodate growth in product catalogue size, customer base, and transaction volume. The indexing strategy ensures that performance degradation remains minimal as data volumes increase.
· Enhanced User Experience: Responsive page loads and rapid search results contribute to customer satisfaction, encouraging repeat visits and higher conversion rates. For GreenLeaf Organics, a positive user experience reinforces the company's brand reputation for quality and reliability.
· Reduced System Load: Efficient query execution consumes fewer system resources, including CPU and I/O operations. This reduction in resource consumption allows the database server to support higher concurrency levels and reduces operational costs associated with infrastructure scaling.
· Optimised Resource Utilisation: By minimising full table scans and enabling efficient index traversals, the database makes better use of memory buffers and cache mechanisms, further enhancing overall system throughput.
The performance tuning enhancements documented in this section specifically the strategic implementation of indexes on frequently queried attributes provide GreenLeaf Organics with a database system capable of delivering responsive performance under growing operational demands [8]. When combined with the robust design, implementation, and transaction management strategies presented in earlier sections, these optimisations contribute to a comprehensive database solution that is both reliable and scalable [7]. The following section concludes the report by reflecting on the overall effectiveness of the design and its alignment with GreenLeaf Organics' strategic objectives.

6. Conclusion and Reflection
This section concludes the report by providing a concise summary of the database solution developed for GreenLeaf Organics, evaluating its effectiveness, and reflecting on its readiness to support the company’s operational and strategic objectives.
The database solution developed for GreenLeaf Organics successfully meets all specified requirements, delivering a scalable, efficient, and reliable system for managing suppliers, products, customers, and transactions. The application of normalisation to Third Normal Form (3NF) minimises data redundancy and ensures consistency for example, by storing supplier certification details separately from product records, updates can be made in a single location without risk of anomalies. Transaction management, implemented through stored procedures with START TRANSACTION, COMMIT, and ROLLBACK, guarantees that critical operations such as order processing adhere to ACID properties, preventing incomplete orders and ensuring accurate inventory levels. Strategic indexing on frequently queried attributes Product(product_name), Order(customer_id), and Review(product_id) enhances query performance, enabling fast product searches, efficient order history retrieval, and responsive review displays that support a positive customer experience.
Throughout development, key challenges were successfully addressed. Complex many-to-many relationships between products and categories, and between orders and products, were resolved through the introduction of associative entities (Product_Category and Order_Item). Transactional consistency was achieved through atomic order processing logic that encapsulates stock verification, record creation, and inventory updates within a single transaction. The balance between normalisation for data integrity and performance for user responsiveness was optimised through targeted indexing that accelerates read operations without introducing excessive write overhead.
While the current system provides a robust foundation, several future enhancements could further extend its capabilities. Cloud-based deployment using platforms such as Amazon Web Services (AWS) Relational Database Service or Microsoft Azure SQL Database would offer automated backups, simplified scalability, and high availability configurations. Integration with analytics tools such as Power BI or Tableau would enable GreenLeaf Organics to generate actionable insights from transaction data, supporting informed decision-making around inventory planning and marketing strategies. Implementation of distributed database architectures, including read replicas or database sharding, could support geographic expansion and ensure responsive performance for customers across different regions.
Overall, the database system documented in this report delivers a solid foundation for GreenLeaf Organics’ digital transformation. By enabling efficient, consistent, and scalable management of its eco-conscious business operations, the solution positions the company to meet current operational demands while remaining agile enough to adapt to future opportunities and challenges.
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