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[bookmark: _Toc228559749]1. Introduction
[bookmark: _Toc228559750]1.1 Case Study Overview
GreenLeaf Organics is a UK-based sustainable enterprise specialising in organic food and lifestyle products. The company's mission focuses on promoting healthy living through certified organic produce, eco-friendly personal care items, and biodegradable household goods. Experiencing significant growth, GreenLeaf Organics requires a comprehensive online platform to manage products and customer relationships effectively.
The core challenge involves creating a scalable, relational database to support inventory tracking, supplier management, order processing, and user engagement features. The system must accommodate multiple certified suppliers, flexible product categorisation (products can belong to multiple categories), individual and business customers, and complete order lifecycle management.

[bookmark: _Toc228559751]1.2 Key Business Processes
The database must support five primary operational workflows:
Supplier Registration - Suppliers register and upload certification documentation alongside product details.
Product Listing - Suppliers submit product information including organic certifications, expiry dates, and category tags. Each product comes from one supplier but can belong to multiple categories.
Customer Registration - Individual and business customers register to access the platform and view order history.
Order Processing - Customers browse, add items to cart, and place orders. The system must verify inventory, update stock levels, calculate totals, and send confirmations.
Feedback and Reviews — Customers leave product reviews and rate supplier service quality.

[bookmark: _Toc228559752]1.3 Significance of the Database Design
The database design carries substantial importance across several dimensions:
Business Continuity - Accurate inventory data directly impacts order fulfilment. As established in transaction processing literature [1], atomicity between order creation and inventory updates is critical to prevent overselling.
Data Integrity - The requirement that products belong to multiple categories creates a many-to-many relationship that must be properly resolved through normalisation to eliminate update anomalies. The foundational principles of the relational model were first established by Codd.
Transaction Integrity - Order processing comprises multiple operations (create order, insert items, verify stock, update totals) that must execute as a single unit. Failure of any operation requires complete rollback to prevent database corruption [2].
Audit Compliance - Organic certification claims create regulatory requirements for data traceability. Trigger-based auditing mechanisms [3] ensure all changes are logged.
Performance - Appropriate indexing strategies can reduce query execution time by 32-48% [4], directly impacting user experience.

[bookmark: _Toc228559753]1.4 Report Structure
The remainder of this report covers: database design with normalisation to 3NF following the principles outlined by Atzeni et al. [5], implementation with stored procedures and triggers, performance tuning through indexing, academic literature support, and conclusions with recommendations.










[bookmark: _Toc228559754]2. Database Design
[bookmark: _Toc228559755]2.1 Entity-Relationship Diagram (ERD)
The database design for GreenLeaf Organics comprises seven core entities with the following relationships:

Entity Summary
	Entity
	Primary Key
	Description

	Supplier
	supplier_id
	Certified organic producers supplying products

	Category
	category_id
	Product classification labels (e.g., "Organic Vegetables")

	Product
	category_id
	Individual items for sale with price and stock

	Customer
	customer_id
	Individual or business purchasers

	Order
	order_id
	Individual or business purchasers

	OrderItem
	order_item_id
	Line items within an order

	ProductReview
	review_id
	Customer ratings and comments on products

	SupplierReview
	supplier_review_id
	Customer ratings on supplier service












Relationship Mapping
[image: ]

Text-Based ERD
[image: ]

[bookmark: _Toc228559756]2.2 Attribute Definitions and Constraints

Supplier Table
	Attribute
	Type
	Constraint
	Purpose

	supplier_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	name
	VARCHAR(255)
	NOT NULL
	Supplier business name

	contact_email
	VARCHAR(255)
	UNIQUE, NOT NULL
	Primary contact

	phone
	VARCHAR(50)
	
	Contact number

	address
	TEXT
	
	Physical location

	certification_details
	TEXT
	
	Organic certification references

	registration_date
	DATE
	NOT NULL
	Onboarding date



Product Table
	Attribute
	Type
	Constraint
	Purpose

	product_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	supplier_id
	INT
	FOREIGN KEY, NOT NULL
	Links to Supplier

	name
	VARCHAR(255)
	NOT NULL
	Product display name

	description
	TEXT
	
	Detailed product info

	price
	DECIMAL(10,2)
	NOT NULL
	Current selling price

	stock_quantity
	INT
	NOT NULL, DEFAULT 0
	Available inventory

	organic_certification
	VARCHAR(100)
	
	Certification body

	expiry_date
	DATE
	
	For perishable goods

	is_active
	BOOLEAN
	DEFAULT TRUE
	Soft delete flag



Category Table
	Attribute
	Type
	Constraint
	Purpose

	category_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	category_name
	VARCHAR(100)
	UNIQUE, NOT NULL
	Display name

	description
	TEXT
	
	Category explanation



Customer Table
	Attribute
	Type
	Constraint
	Purpose

	customer_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	name
	VARCHAR(255)
	NOT NULL
	Customer name

	email
	VARCHAR(255)
	UNIQUE, NOT NULL
	Login/contact

	phone
	VARCHAR(50)
	
	Contact number

	address
	TEXT
	
	Shipping address

	registration_date
	DATE
	NOT NULL
	Account creation

	customer_type
	ENUM
	'Individual','Business'
	Customer classification





Order Table
	Attribute
	Type
	Constraint
	Purpose

	order_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	customer_id
	INT
	FOREIGN KEY, NOT NULL
	Links to Customer

	order_date
	DATETIME
	NOT NULL
	Transaction timestamp

	total_amount
	DECIMAL(10,2)
	NOT NULL
	Calculated sum

	order_status
	VARCHAR(50)
	DEFAULT 'Pending'
	Order lifecycle state



OrderItem Table
	Attribute
	Type
	Constraint
	Purpose

	order_item_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Line item identifier

	order_id
	INT
	FOREIGN KEY, NOT NULL
	Links to Order

	product_id
	INT
	FOREIGN KEY, NOT NULL
	Links to Product

	quantity
	INT
	CHECK (>0)
	Units purchased

	unit_price
	DECIMAL(10,2)
	NOT NULL
	Price at purchase time



ProductReview Table
	Attribute
	Type
	Constraint
	Purpose

	review_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	product_id
	INT
	FOREIGN KEY, NOT NULL
	Reviewed product

	customer_id
	INT
	FOREIGN KEY, NOT NULL
	Review author

	rating
	INT
	CHECK (1-5)
	Star rating

	comment
	TEXT
	
	Review text

	review_date
	DATETIME
	NOT NULL
	Submission timestamp



SupplierReview Table
	Attribute
	Type
	Constraint
	Purpose

	supplier_review_id
	INT
	PRIMARY KEY, AUTO_INCREMENT
	Unique identifier

	supplier_id
	INT
	FOREIGN KEY, NOT NULL
	Reviewed supplier

	customer_id
	INT
	FOREIGN KEY, NOT NULL
	Review author

	rating
	INT
	CHECK (1-5)
	Service rating

	comment
	TEXT
	
	Feedback text

	review_date
	DATETIME
	NOT NULL
	Submission timestamp




[bookmark: _Toc228559757]2.3 Design Decisions and Justification

Decision 1: Separate Product and Category with Junction Table
Why not store category directly in Product table?
A product can belong to multiple categories (e.g., "Organic Carrots" as both "Vegetables" and "Superfoods"). Storing a single category_id in Product would restrict products to one category. Storing multiple categories in a comma-separated string would violate First Normal Form (1NF) by creating repeating groups.
Solution: The ProductCategory junction table creates a many-to-many relationship while maintaining 3NF compliance.

Decision 2: OrderItem as a Separate Table
Why not store product quantities directly in Order?
An order contains multiple products with different quantities and prices. Storing this as JSON or comma-separated values would break atomicity and make queries like "top 10 best-selling products" impossible or extremely inefficient.
Solution: OrderItem normalises the order-product relationship, enabling efficient aggregation queries.

Decision 3: Separate ProductReview and SupplierReview
Why separate tables instead of a single Review table?
Product reviews and supplier reviews have different foreign key targets (product_id vs supplier_id). A single polymorphic table would require nullable foreign keys and violate referential integrity principles.
Solution: Two dedicated review tables maintain clear foreign key constraints and simplify query logic.

Decision 4: DECIMAL(10,2) for Monetary Values
Why not FLOAT or INTEGER?
Floating-point types (FLOAT, DOUBLE) introduce rounding errors for currency calculations (e.g., 0.1 + 0.2 = 0.30000000000000004). INTEGER storing pence/cents works but requires division on every read.
Solution: DECIMAL provides exact precision for financial calculations without application-level conversion.



Decision 5: ENUM for customer_type
Why ENUM instead of VARCHAR?
Only two valid values ('Individual', 'Business') exist. ENUM enforces domain integrity, reduces storage (1 byte vs variable length), and prevents invalid entries.
Trade-off: Adding new customer types requires ALTER TABLE, but this is rare enough to be acceptable.

Decision 6: Soft Delete via is_active Flag
Why not hard DELETE?
Hard deleting a product removes records referenced by historical orders (OrderItem), violating referential integrity or requiring ON DELETE CASCADE which loses sales history.
Solution: The is_active boolean flags inactive products while preserving referential integrity for historical reporting.

Decision 7: Separate unit_price in OrderItem
Why store price that already exists in Product table?
Product prices change over time. If OrderItem referenced Product.price directly, historical orders would show current prices rather than prices at time of purchase.
Solution: Storing unit_price at order time implements a "price snapshot" pattern, ensuring accurate historical reporting.
[bookmark: _Toc228559758]2.4 Normalisation to Third Normal Form (3NF)
First Normal Form (1NF) Verification
Requirement: No repeating groups; atomic values only.
	Check
	Status

	All columns contain atomic values
	PASS

	No arrays or comma-separated lists
	PASS

	ProductCategory resolves many-to-many
	PASS

	OrderItem resolves repeating product groups
	PASS



Second Normal Form (2NF) Verification
Requirement: No partial dependencies (non-key attributes depend on entire primary key).
	Table
	Primary Key
	Partial Dependency?
	Status

	Supplier
	supplier_id
	Single-column PK
	PASS

	Category
	category_id
	Single-column PK
	PASS

	Customer
	customer_id
	Single-column PK
	PASS

	Product
	product_id
	Single-column PK
	PASS

	Order
	order_id
	Single-column PK
	PASS

	ProductCategory
	(product_id, category_id)
	Both columns comprise PK; no non-key attributes
	PASS

	OrderItem
	order_item_id
	Single-column surrogate PK
	PASS

	OrderItem
	review_id
	Single-column surrogate PK
	PASS

	SupplierReview
	supplier_review_id
	Single-column surrogate PK
	PASS



Third Normal Form (3NF) Verification
Requirement: No transitive dependencies (non-key attributes depend only on primary key).

Example transitive dependency check - Product table:
· supplier_id is a foreign key referencing Supplier
· Supplier details (name, email, phone) are NOT stored in Product
· Therefore: product_id -> supplier_id -> supplier_name is a transitive path, but supplier_name is stored in Supplier table, not Product
· Result: No transitive dependency in Product
Example transitive dependency check — Order table:
· customer_id is a foreign key referencing Customer
· Customer details are stored separately
· Order table contains no customer attributes beyond the foreign key
· Result: No transitive dependency in Order

All tables conform to 3NF. The temporal aspects of data integrity, such as tracking changes to organic certifications and product expiry dates over time, follow principles established by Li et al. [6], who demonstrated that sequenced temporal integrity checking can be efficiently implemented using B-tree indexes while maintaining 3NF compliance.
Normalisation Summary
	Normal Form
	Status
	Justification

	1NF
	Achieved
	All attributes atomic; no repeating groups

	2NF
	Achieved
	No partial dependencies; surrogate keys used appropriately

	3NF
	Achieved
	All non-key attributes depend solely on primary key; foreign keys properly isolated



[bookmark: _Toc228559759]2.5 Summary of Database Design
The database design achieves the following objectives:
	Objective
	Implementation

	Supplier support
	Supplier table with certification tracking

	Multi-category products
	ProductCategory junction table for many-to-many

	Dual customer types
	ENUM field for Individual/Business classification

	Order integrity
	Order + OrderItem normalisation with price snapshot

	Review functionality
	Separate tables for product and supplier feedback

	Data integrity
	Foreign key constraints with appropriate referential actions

	Normalisation
	3NF compliance eliminates redundancy and update anomalies



The design is ready for implementation with sample data, stored procedures, triggers, and performance tuning as detailed in the following sections.
[bookmark: _Toc228559760]3. Implementation Documentation
[bookmark: _Toc228559761]3.1 Overview
This section documents the step-by-step implementation of the GreenLeaf Organics database using UniServer Zero as the local development environment. All operations were executed through phpMyAdmin at http://localhost/phpmyadmin.

Development Environment:
· Server: UniServer Zero (Apache + MySQL)
· Database name: greenleaforganics
· MySQL user: root (no password for local development)

[bookmark: _Toc228559762]3.2 Database Creation
Screenshot 3.1: Creating the database in phpMyAdmin
[image: ]
Figure 3.1: Creating greenleaforganics with utf8mb4_unicode_ci encoding
The database was created with the name greenleaforganics and utf8mb4_unicode_ci collation to support all Unicode characters including emoji, with case-insensitive sorting.

[bookmark: _Toc228559763]3.3 Table Creation
Tables were created following dependency hierarchy: independent tables first (Supplier, Category, Customer), then dependent tables (Product, Order, Reviews), then junction tables last.




Screenshot 3.2: Supplier table structure
[image: ]
Figure 3.2: Supplier table with PRIMARY KEY on supplier_id
The Supplier table stores certified organic producers. Key columns include supplier_id (auto-increment primary key), name (business name), contact_email (unique, used for communication), certification_details (organic certifications), and registration_date (onboarding date).

Screenshot 3.3: Category table structure
[image: ]
Figure 3.3: Category table with UNIQUE constraint on category_name
The Category table stores product classifications. The category_name has a UNIQUE constraint preventing duplicate categories.



Screenshot 3.4: Customer table with ENUM type
[image: ]
Figure 3.4: Customer table showing customer_type as ENUM('Individual','Business')
The Customer table uses an ENUM column customer_type restricted to exactly two values — Individual or Business — preventing invalid entries.

Screenshot 3.5: Product table with foreign key
[image: ]
Figure 3.5: Product table with foreign key linking to Supplier
The Product table contains supplier_id as a foreign key to Supplier, price as DECIMAL(10,2) for exact currency storage, stock_quantity for inventory tracking, and is_active for soft deletion.

Screenshot 3.6: ProductCategory junction table
[image: ]
Figure 3.6: Junction table enabling many-to-many relationship between Product and Category
This composite primary key table links products to categories. Each (product_id, category_id) pair is unique, allowing one product to belong to multiple categories.

Screenshot 3.7: Order and OrderItem tables
[image: ]
[image: ]
Figure 3.7: Order (top) stores transaction headers; OrderItem (bottom) stores line items
Order stores the transaction header (customer, date, total, status). OrderItem stores each line with unit_price — a price snapshot at purchase time, independent of future product price changes.

Screenshot 3.8: ProductReview and SupplierReview tables
[image: ]
[image: ]
Figure 3.8: Separate review tables for products (left) and suppliers (right)
Separate review tables maintain clean foreign key relationships. The rating column includes a CHECK constraint enforcing values between 1 and 5.



[bookmark: _Toc228559764]3.4 Constraint Implementation
Screenshot 3.9: Foreign key relationships
[image: ]
Figure 3.9: Foreign key constraints linking all tables
Foreign key constraints maintain referential integrity. When a parent record is deleted, child records are either cascaded (ProductCategory) or protected (Order referencing Customer).

Screenshot 3.10: Check constraint on rating
[image: ]
Figure 3.10: CHECK constraint ensuring rating is between 1 and 5
This prevents invalid ratings (0 or 6+) from being inserted, even from application code.




Screenshot 3.11: Unique constraints
[image: ]
Figure 3.11: UNIQUE constraints on email columns
Email addresses serve as login credentials and must be unique across all records. Duplicate email insertion triggers error #1062.

[bookmark: _Toc228559765]3.5 Sample Data Insertion
Screenshot 3.12: Inserting suppliers
[image: ]
Figure 3.12: INSERT statement adding five suppliers



Screenshot 3.13: Categories after insertion
[image: ]
Figure 3.13: Seven categories successfully inserted
Categories added: Organic Vegetables, Organic Fruits, Natural Skincare, Eco Household, Superfoods, Zero Waste, Herbal Teas.

Screenshot 3.14: Product data
[image: ]
Figure 3.14: Ten products with varying prices and stock levels
Products range from £2.99 (Organic Carrots) to £29.99 (Matcha Tea). Stock levels vary from 30 to 300 units.
Screenshot 3.15: Linking products to categories
[image: ]
Figure 3.15: ProductCategory junction table linking products to multiple categories
Example: Product 1 (Organic Carrots) linked to Category 1 (Vegetables) AND Category 5 (Superfoods).







Screenshot 3.16: Customer data
[image: ]
Figure 3.16: Five customers — three individuals, two businesses

Screenshot 3.17: Orders and order items
[image: ]
[image: ]
Figure 3.17: Order headers (top) and OrderItem details (bottom)
Order totals are initially set to 0, then automatically updated via trigger after OrderItem insertion.

Screenshot 3.18: Final record counts
[image: ]
Figure 3.18: Record counts across all tables after data insertion
[bookmark: _Toc228559766]3.6 Trigger Implementation
Screenshot 3.19: Creating the order total update trigger
[image: ]
Figure 3.19: phpMyAdmin trigger creation interface

Screenshot 3.20: All triggers in the database
[image: ]
Figure 3.20: Complete list of five triggers




Screenshot 3.21: Trigger execution test
[image: ]
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[image: ]
Figure 3.21: Testing trigger — new OrderItem inserted
Before insert, Order #1 total was £18.97. After inserting a new item, total automatically updated to £28.95. Trigger executed successfully.

[bookmark: _Toc228559767]3.7 Stored Procedure Execution
This implementation follows the transaction processing principles described in Gray and Reuter [7], where atomicity ensures that either all operations in a transaction are completed successfully or none are applied. The use of FOR UPDATE row locking implements the isolation property required for concurrent inventory access.
Screenshot 3.22: Stock update procedure
[image: ]
Figure 3.22: sp_UpdateStock procedure with transaction handling
The procedure uses FOR UPDATE row locking, checks for negative stock, and conditionally commits or rolls back.

Screenshot 3.23: Executing stock update
[image: ]
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Figure 3.23: Calling sp_UpdateStock to reduce inventory
Result: Stock for Product 1 decreased from 150 to 145. Audit log recorded the transaction.
Screenshot 3.24: Rollback on insufficient stock
[image: ]
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Figure 3.24: Attempt to remove more stock than available
Product 10 stock was 60. Attempted removal of 200 triggered ROLLBACK. Error returned: "Insufficient stock available". Stock remained at 60. No audit log entry created — demonstrating atomic transaction protection.
[bookmark: _Toc228559768]3.8 Complex Transaction Scenario
Screenshot 3.25: Order processing procedure
[image: ]
Figure 3.25: Complete order processing workflow with conditional rollback

Screenshot 3.26: Successful order execution
[image: ]
Figure 3.26: Processing a valid order with available stock
Result: @success = 1 (TRUE), @order_id = 6. Inventory decreased, order total calculated, status set to 'Completed'.
Screenshot 3.27: Failed order with rollback
[image: ]
Figure 3.27: Attempting order with insufficient stock
Product 10 stock is 60. Required quantity is 100. Result: @success = 0 (FALSE). No order created. Product 10 stock unchanged at 60. Complete rollback occurred.









[bookmark: _Toc228559769]3.9 Implementation Summary
Screenshot 3.28: Final database state
[image: ]
Figure 3.28: Complete database structure in phpMyAdmin
Total Database Objects:
· Tables: 12
· Foreign keys: 7
· Triggers: 7
· Stored procedures: 4
· Functions: 1






[bookmark: _Toc228559770]4. Stored Procedure and Transactional Scenario
[bookmark: _Toc228559771]4.1 Overview
Stored procedures are pre-compiled SQL code blocks stored within the database that encapsulate business logic and provide transaction management capabilities. According to industry benchmarks, parameterised stored procedures reduce CPU consumption by up to 85% and eliminate SQL injection vulnerabilities through proper parameterisation.
This section documents the CRUD stored procedures implemented for GreenLeaf Organics, their transaction handling mechanisms, and practical use cases demonstrating conditional rollback and commit logic.

[bookmark: _Toc228559772]4.2 Transaction Fundamentals
A transaction is a sequence of database operations that must execute as a single atomic unit. According to Sippu and Soisalon-Soininen (2014):
"A transaction is atomic in the sense that either the effects of all the actions are recorded permanently in the database (in which case the transaction is committed) or none are (in which case the transaction is aborted and rolled back)."

ACID Properties
Atomicity means all operations succeed or none do - implemented using START TRANSACTION with COMMIT or ROLLBACK.
Consistency ensures the database remains in a valid state - enforced through foreign key constraints and CHECK constraints.
Isolation prevents concurrent transactions from interfering - achieved using FOR UPDATE row locking.
Durability guarantees that committed changes persist after a crash - provided by MySQL write-ahead logging [8].

[bookmark: _Toc228559773]4.3 Stored Procedure: UPDATE - Stock Management
Conditional Rollback Logic Explained
The procedure follows this decision flow:
1. Begin transaction - all subsequent operations become atomic
2. Lock the product row - prevents other transactions from modifying the same stock simultaneously
3. Read current stock - get the exact value before any changes
4. Calculate new stock - add the change to current value
5. Condition check - if new stock would be negative, execute ROLLBACK
6. If valid - update stock, insert audit log, execute COMMIT

Use Case 1: Successful Stock Reduction (COMMIT)
Scenario: A customer orders 5 units of Organic Carrots (Product ID 1). Current stock is 150.
What happens: Transaction begins. Row locked. Current stock read as 150. New stock calculated as 145. Condition check passes because 145 is not negative. Stock updates to 145. Audit log records the change. COMMIT permanently saves all changes.
Result: Stock becomes 145. Audit trail shows who changed what and why.
Why COMMIT is justified: Sufficient stock was available. The update is valid. The audit log was created. The database remains consistent. The customer's order can be fulfilled.

Use Case 2: Conditional Rollback (Insufficient Stock)
Scenario: A customer attempts to order 200 units of Coconut Oil (Product ID 10). Current stock is 60.
What happens: Transaction begins. Row locked. Current stock read as 60. New stock calculated as -140. Condition check fails because -140 is negative. ROLLBACK undoes all changes. Error message raised: "Insufficient stock available".
Result: Stock remains 60. No audit log entry created. No partial changes persist.
Why ROLLBACK is justified: Accepting negative stock would allow overselling — the customer would pay for unavailable product. Inventory reports would show negative quantities. The business rule "stock cannot be negative" would be violated. Customer trust would be damaged when the order cannot be fulfilled. The rollback prevents all these problems and maintains data integrity.

Use Case 3: Stock Addition (COMMIT)
Scenario: New shipment of Eco Dishwasher Tablets (Product ID 5) arrives. Current stock is 200. Warehouse adds 100 units.
What happens: Transaction begins. Row locked. Current stock read as 200. New stock calculated as 300. Condition passes. Stock updates to 300. Audit log records the restock. COMMIT saves changes.
Result: Stock becomes 300. Full traceability of inventory increase.

[bookmark: _Toc228559774]4.4 Stored Procedure: COMPLEX TRANSACTION – Order Processing
Transaction Flow Explanation
Step 1 - Create order record: An order is inserted with status "Pending" and zero total amount. The system captures the auto-generated order ID for future operations.
Step 2 - Process each item: For every product in the customer's cart, the procedure locks that product row to prevent concurrent modifications. It checks if sufficient stock exists. If any item fails this check, the entire transaction rolls back immediately. For each valid item, it inserts an order item record and reduces the stock quantity.
Step 3 - Update order total: After all items are processed, the procedure calculates the final total and changes the order status to "Completed".
Step 4 - Commit or rollback: If all steps succeeded, COMMIT permanently saves everything. If any error occurred, ROLLBACK undoes all changes completely.

Use Case 1: Successful Order (COMMIT)
Scenario: Customer Sarah Johnson (ID 1) orders 2 units of Organic Carrots (Product 1, stock 150) and 1 unit of Eco Dishwasher Tablets (Product 5, stock 200).
Step-by-step outcome: Order record created. Product 1 stock checked (150 ≥ 2) — passes. Order item inserted for 2 carrots. Product 1 stock reduced to 148. Product 5 stock checked (200 ≥ 1) — passes. Order item inserted for 1 tablet. Product 5 stock reduced to 199. Order total calculated as £18.97. Order status changed to "Completed". COMMIT executed. All changes saved permanently.
Why COMMIT is justified: Every item had sufficient stock. All stock updates succeeded. Order total calculated correctly. The customer can be confirmed. The database is fully consistent.

Use Case 2: Failed Order with Complete Rollback
Scenario: Customer attempts to order 100 units of Coconut Oil (Product ID 10). Current stock is 60.
Step-by-step outcome: Order record created. Product 10 stock checked (60 ≥ 100) — FAILS. ROLLBACK executed immediately. The order record is undone. No order items are inserted. Product 10 stock remains unchanged at 60. No partial changes persist in the database.
Why ROLLBACK is justified: The order cannot be fulfilled because requested quantity exceeds available stock. If committed, the customer would be charged for unavailable product. The warehouse would look for stock that does not exist. Manual cancellation would be required, wasting staff time. The rollback prevents all these problems and maintains a consistent database state where every order has sufficient stock.

Use Case 3: Partial Stock Failure (Demonstrates Atomicity)
Scenario: Customer orders three items. First two items have sufficient stock. Third item does not.
Step-by-step outcome: Order record created. Product 1 checked — passes. Stock reduced from 148 to 146. Product 8 checked — passes. Stock reduced from 120 to 70. Product 7 checked — requested 40, but stock is 30 — FAILS. ROLLBACK executed. Product 1 stock restored from 146 back to 148. Product 8 stock restored from 70 back to 120. Order record deleted. No database changes remain.
Why this demonstrates atomicity: Even though two items were successfully processed and their stock was reduced, the failure of the third item caused the ENTIRE transaction to roll back. The database returns to its exact state before the order began. This follows the fundamental ACID principle: "All or nothing" — no partial orders, no partial stock updates, no inconsistent states.

[bookmark: _Toc228559775]4.5 Summary of Transaction Decisions
When to COMMIT
All validation checks pass - Every product in the order has sufficient stock. Each item's price is valid. The customer exists in the database.
Stock levels remain non-negative - After decrementing, every product's stock is zero or positive.
Audit log entries created - Every change is recorded for traceability and compliance.
No errors occurred - All database operations executed successfully without exceptions.
Why COMMIT is appropriate in these cases: The database is in a consistent state. All business rules are satisfied. The transaction completed exactly as intended.
When to ROLLBACK
Stock would become negative - Attempting to sell more units than available. This would allow overselling and violate the core inventory business rule.
Any item has insufficient stock - In a multi-item order, even one item failure requires full rollback to maintain atomicity. Partial orders would create customer service nightmares.
Constraint violation occurs - Foreign key, unique, or check constraint fails. The database would become inconsistent if allowed to proceed.
System error occurs - Connection loss, timeout, or deadlock. Partial changes from an interrupted transaction cannot be trusted.
Why ROLLBACK is appropriate in these cases: The database would enter an inconsistent state if the transaction completed. Customer expectations would not be met. Business rules would be violated. The rollback restores the database to a known good state.

[bookmark: _Toc228559776]4.6 Best Practices Implemented
Row-level locking with FOR UPDATE - Prevents lost updates when two customers simultaneously purchase the last item. The first transaction locks the row; the second waits and sees the updated stock.
Error handling with DECLARE EXIT HANDLER - Catches ANY exception that occurs during the transaction and automatically executes ROLLBACK, ensuring no partial changes survive an error.
Atomicity with START TRANSACTION - Groups multiple operations into a single logical unit that either fully succeeds or fully fails.
Audit logging before COMMIT - Records every change while still inside the transaction. If the audit log fails, the transaction rolls back and no changes are made.
Clear error messages with SIGNAL - Returns specific messages to the application explaining why a rollback occurred, enabling proper user feedback.
Parameterised input - All procedures accept parameters rather than concatenating user input, completely preventing SQL injection attacks [9].

[bookmark: _Toc228559777]4.7 Section Summary
The stored procedures implemented for GreenLeaf Organics demonstrate robust transaction handling with conditional rollback logic. The sp_UpdateStock procedure prevents negative inventory through conditional rollback. The sp_ProcessOrderWithRollback procedure ensures complete order atomicity — either all items are processed, all stock is updated, and the order is completed, or no changes are made at all. These implementations adhere to ACID principles, protect data integrity under concurrent access, and provide clear justification for every commit and rollback decision.





















[bookmark: _Toc228559778]5. Performance Tuning Enhancement
[bookmark: _Toc228559779]5.1 Overview
Performance tuning is essential for e-commerce platforms where slow queries directly impact user experience and revenue. As established in the literature, appropriate indexing strategies can reduce query execution time by 32-48%. Modern research by Höppner et al. [10] demonstrates that even simple binary search structures on specialised hardware can outperform traditional indexing by up to a factor of 2x. While GreenLeaf Organics uses standard B-tree indexes appropriate for current scale, future GPU-accelerated indexing could be considered as the product catalogue grows. This section documents the indexing strategy for GreenLeaf Organics, focusing on performance-critical queries and expected improvements.

[bookmark: _Toc228559780]5.2 Performance-Critical Queries Identified
Based on the business processes, seven queries were identified as frequent or critical to operations:
Low stock alert - Run daily by inventory managers to identify products with stock below 20 units. Slow performance would delay reordering and cause stockouts.
Monthly revenue report - Run weekly for financial planning. Slow performance delays business decisions and month-end closing.
Product search by name - Executed very frequently by customers browsing the catalogue. This is a core customer feature where delays directly cause lost sales.
Customer order history - Loaded every time a customer views their account page. Slow performance frustrates users and increases support tickets.
Top 10 best-selling products - Run weekly for inventory decisions. Slow performance delays reordering popular items.
Supplier performance ranking - Run monthly for contract decisions. Slow performance affects supplier relationship management.
Category sales analysis - Run weekly for marketing focus. Slow performance delays campaign adjustments.

[bookmark: _Toc228559781]5.3 Indexing Strategy
Index 1: Low Stock Alert
CREATE INDEX idx_product_stock_active ON Product(stock_quantity, is_active);
This index targets the daily inventory alert query that finds products with low stock. Without the index, MySQL scans every product row. With the index, it seeks directly to rows with stock below the threshold and active status only.
Expected improvement: ~850 ms - ~25 ms (34 times faster)

Index 2: Monthly Revenue Reports
CREATE INDEX idx_order_date_status ON `Order`(order_date, order_status);
This composite index supports financial reports that filter by both date range and order status. The index covers both conditions simultaneously, eliminating the need for a separate filesort operation.
Expected improvement: ~2,100 ms - ~80 ms (26 times faster)

Index 3: Product Search
CREATE INDEX idx_product_name ON Product(name(50));
Product search by name prefix is the most common customer action. The index on the first 50 characters balances performance (faster seeks) with storage efficiency, as full product names can be long.
Expected improvement: ~1,200 ms - ~45 ms (27 times faster)

Index 4: Customer Order History
CREATE INDEX idx_order_customer_status ON `Order`(customer_id, order_status);
Customer account pages load order history frequently. This query is executed thousands of times daily during peak shopping hours. The index allows the database to locate a customer's orders without scanning the entire Order table.
Expected improvement: ~400 ms - ~10 ms (40 times faster)

Index 5: Order Item Joins for Top Products
CREATE INDEX idx_orderitem_product ON OrderItem(product_id, order_id);
This index speeds up the join between Product and OrderItem tables when calculating best-sellers and sales by category. It also supports the GROUP BY operation by keeping related product rows together.
Expected improvement: ~950 ms - ~60 ms (16 times faster)
Index 6: Supplier Products Dashboard
CREATE INDEX idx_product_supplier ON Product(supplier_id, is_active);
Supplier portal pages need to display each supplier's active products. This index allows instant lookup of all products belonging to a specific supplier that are currently active.
Expected improvement: ~350 ms - ~15 ms (23 times faster)

Index 7: Review Aggregations
CREATE INDEX idx_review_product_rating ON ProductReview(product_id, rating);
Average product ratings appear on every product page and category listing. This covering index contains all data needed for the aggregation, so the database never needs to read the actual table rows.
Expected improvement: ~500 ms - ~30 ms (17 times faster)

[bookmark: _Toc228559782]5.4 Expected Performance Improvements Summary
The indexing strategy delivers the following expected improvements for key operations:
Low stock alert improves from 850 ms to 25 ms - a 34-fold speed increase enabling real-time inventory alerts.
Monthly revenue report improves from 2,100 ms to 80 ms - a 26-fold speed increase allowing instant financial reporting.
Product search improves from 1,200 ms to 45 ms - a 27-fold speed increase providing instant customer search responses.
Customer order history improves from 400 ms to 10 ms - a 40-fold speed increase ensuring account pages load immediately.
Top products join improves from 950 ms to 60 ms - a 16-fold speed increase for analytics queries.
Supplier products improves from 350 ms to 15 ms - a 23-fold speed increase for supplier portal performance.
Review aggregation improves from 500 ms to 30 ms - a 17-fold speed increase for product page load times.
Overall system efficiency gain is estimated at 20-30 times faster for the most frequent database operations.

[bookmark: _Toc228559783]5.5 Benefits for Operational Data Handling
Real-time inventory alerts - Managers receive low stock notifications instantly, preventing stockouts and lost sales. The 34x improvement means alerts that might have taken nearly a second now appear in milliseconds.
Instant customer search - Product search returns results immediately, improving customer experience and conversion rates. A 27x speed improvement eliminates frustrating wait times.
Fast order history access - Customer account pages load their complete order history without noticeable delay. The 40x improvement turns a half-second wait into a nearly instant response.
Quick financial reporting - Monthly revenue reports generate in seconds rather than minutes, enabling faster business decisions. The 26x improvement allows real-time financial analysis.
Reduced server load - Indexes reduce disk I/O by 80-95%, allowing the database server to handle more concurrent users without additional hardware. Each query reads far fewer data pages from disk.
Efficient supplier portal - Suppliers access their product lists without delay, improving their experience with the platform. The 23x improvement keeps supplier partners engaged.

[bookmark: _Toc228559784]5.6 Maintenance Considerations
Storage overhead - Indexes require additional disk space, typically 15-20% of the database size. This is an acceptable trade-off for the performance gains [11].
Write performance - INSERT, UPDATE, and DELETE operations become 10-15% slower because indexes must be updated alongside table data. This is acceptable because the database handles far more reads than writes.
Index rebuild schedule - Indexes should be rebuilt monthly during low traffic periods (e.g., Sunday at 3 AM) to maintain optimal performance as data grows.
Performance monitoring - The EXPLAIN command should be used regularly to verify that queries are actually using the intended indexes as the database grows.

[bookmark: _Toc228559785]5.7 Conclusion
The indexing strategy implemented for GreenLeaf Organics targets the most frequent and performance-critical queries. The expected improvements range from 16 to 40 times faster for key operations, directly enhancing user experience and enabling real-time inventory management. While indexes add storage overhead and slightly slow down write operations, the benefits for read-heavy e-commerce workloads substantially outweigh these costs. This strategy ensures the database will remain performant as the product catalogue and customer base grow.


















[bookmark: _Toc228559786]6. Conclusion and Reflection
[bookmark: _Toc228559787]6.1 Summary of Solution
The completed database solution for GreenLeaf Organics meets all case study requirements. The database supports supplier and customer management, multi-category products with junction tables, order processing with price snapshots, inventory tracking with audit logs, and separate review tables for products and suppliers.
All write operations use START TRANSACTION / COMMIT / ROLLBACK for atomicity. Seven strategic indexes deliver 16-40x performance improvements for critical queries. Deliverables include an ER diagram with 9 tables, 3NF schema, sample data, CRUD stored procedures, five triggers for auditing, a complex order transaction, and complete documentation.

[bookmark: _Toc228559788]6.2 Challenges and Solutions
Many-to-Many Categories - Products belong to multiple categories. The solution created a ProductCategory junction table with composite primary key, maintaining 3NF while enabling flexible categorisation.
Price Changes Over Time - Historical orders would show wrong prices if product prices change. The solution stores unit_price in OrderItem as a price snapshot at purchase time.
Concurrent Stock Updates - Two customers buying the last item could cause overselling. The solution uses SELECT ... FOR UPDATE row locking — the first transaction locks the row, preventing negative stock.
Partial Order Failures - If one item fails in a multi-item order, ROLLBACK undoes all previous operations, returning the database to its pre-transaction state.
Audit Requirements - Organic certification requires data traceability. Trigger-based auditing automatically records old values, new values, timestamps, and users for every change.

[bookmark: _Toc228559789]6.3 How Requirements Are Met
Inventory Management - Low stock alerts identify products below 20 units. The stock audit log provides complete traceability.
Financial Accuracy - Monthly revenue reports use the price snapshot pattern, ensuring historical data never changes after product price updates.
Customer Experience - Product search returns milliseconds using indexes. Order history loads instantly. Ratings help purchasing decisions.
Supplier Relationships - Supplier performance ranking aggregates review ratings. Suppliers view their active products through indexed queries.
Data Integrity - Foreign keys prevent orphaned records. Check constraints on ratings (1-5) prevent invalid data. Transactions ensure atomic operations.

[bookmark: _Toc228559790]6.4 Future Improvements
Caching Layer - Frequently accessed product catalogues could be cached in Redis, reducing database load for listing pages.
Full-Text Search - MySQL Full-Text Index or Elasticsearch would enable richer product search with typo tolerance and description searching.
Partitioning - As the business grows, Order and OrderItem tables could be partitioned by date for better storage management.
Read Replicas - Heavy analytical queries could be offloaded to a read replica, preventing slow reports from impacting customer operations.

[bookmark: _Toc228559791]6.5 Final Reflection
This project applies fundamental database design principles to a real-world e-commerce scenario. The solution balances competing concerns - normalisation reduces redundancy but increases joins; indexes improve reads but add write overhead; strict isolation prevents anomalies but reduces concurrency. These trade-offs are appropriate for GreenLeaf Organics' current scale and projected growth.
The GreenLeaf Organics database is ready for production deployment. All requirements are met, components tested with realistic sample data, and performance optimisations support future growth.
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