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[bookmark: _Toc192624043]Abstract
This report explores the differences between SQL and NoSQL databases, helping Pronto Parcels decide on the most suitable database for their business needs. It compares data structure, scalability, transaction management, and flexibility, highlighting their strengths and weaknesses.
Additionally, this report examines how Eco Bike Hubs can improve their database performance by introducing indexing techniques and transactional controls. These enhancements address slow query performance, missing repair return dates, and double-booked bicycle rentals, ensuring smoother operations and better customer service.
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[bookmark: _Toc192624044]Introduction 
Efficient database management is essential for businesses to ensure accurate data handling, scalability, and performance. Choosing between SQL and NoSQL databases depends on the structure of the data, the need for consistency, and the expected system load.
Pronto Parcels is currently evaluating the best database option for tracking parcels and managing customer transactions. Meanwhile, Eco Bike Hubs is experiencing delays in retrieving data and inconsistencies in bookings, which impact both operational efficiency and customer experience.
This report compares SQL and NoSQL databases, recommending the most suitable option for Pronto Parcels. It also discusses solutions for Eco Bike Hubs, focusing on database indexing and transactional enforcement to resolve existing performance issues.
[bookmark: _Toc192624045]SQL vs NoSQL Databases

[bookmark: _Toc192624046]Structure and Data Model
SQL databases, such as PostgreSQL, MySQL, and SQL Server, use a structured, relational model. Data is organised into tables with predefined relationships, ensuring accuracy and integrity. This structure is ideal for businesses that need strict control over their data, such as financial or logistics systems.
NoSQL databases, such as MongoDB, Cassandra, and DynamoDB, use a flexible, non-relational model. Instead of tables, data is stored as documents, key-value pairs, or graphs, making them more suitable for handling large volumes of unstructured or semi-structured data, such as social media or IoT applications.
[bookmark: _Toc192624047]Scalability
SQL databases are primarily vertically scalable, meaning performance improves by adding more computing power to a single server. While this maintains data integrity, it can become costly and limiting as demand grows.
NoSQL databases are horizontally scalable, meaning they can distribute data across multiple servers. This makes them better suited for applications that require real-time processing and large-scale data handling.




[bookmark: _Toc192624048]Schema and Flexibility
SQL databases require a fixed schema, meaning any structural changes (such as adding new fields) must be planned in advance. This ensures consistency but can slow down development.
NoSQL databases, by contrast, do not require a fixed schema, allowing businesses to modify data structures on the fly. This makes them ideal for dynamic applications where data formats frequently change.

[bookmark: _Toc192624049]Transactions and Consistency
SQL databases strictly follow ACID principles (Atomicity, Consistency, Isolation, Durability), ensuring every transaction is processed correctly, even if the system fails. This is essential for applications that rely on data accuracy and financial transactions.
NoSQL databases follow the BASE model (Basically Available, Soft State, Eventually Consistent), prioritising availability and speed over strict consistency. This is useful for applications where speed is more critical than data accuracy, such as real-time analytics.
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For Pronto Parcels, an SQL database is the most suitable choice as it provides a structured approach to managing parcel tracking, financial transactions, and customer records. The relational model ensures strong data consistency and is particularly effective for businesses that require accurate and reliable data handling. However, NoSQL databases could be integrated alongside SQL to manage real-time event tracking and large-scale data analytics, where speed and scalability are prioritised over strict consistency.
SQL databases are widely used in industries such as banking, e-commerce, and logistics, as they offer strong ACID compliance, ensuring data accuracy and integrity. They rely on relational tables with a fixed schema, making them ideal for applications where data relationships are complex and predefined structures are essential. However, they scale vertically, meaning system performance is improved by enhancing a single server’s processing power, which can be costly and limiting in high-demand environments.
In contrast, NoSQL databases are well-suited for social networks, big data applications, and IoT systems, where handling large volumes of unstructured data is necessary. These databases use a flexible schema, allowing businesses to store varied data formats without predefined structures. Unlike SQL, NoSQL scales horizontally, distributing data across multiple servers, making it an excellent choice for real-time analytics and applications that experience unpredictable traffic loads.
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[bookmark: _Toc192624052]Key Challenges and Solutions
Eco Bike Hubs is facing three main challenges:
1. Slow queries when retrieving customer bookings and repairs.
2. Missing return dates on repair records, causing tracking issues.
3. Double-booked bicycle rentals due to overlapping reservations.
To address these issues, we implemented indexing strategies to improve performance and transactional enforcement to prevent errors.
[bookmark: _Toc192624053]Secondary Indexing for Query Optimisation
To speed up database queries, indexing was introduced for:
· Rentals.customerID – Allows quick access to customer rental history.
· Repairs.bicycleID – Improves searches for bicycle repair records.
· Availability.bicycleID – Prevents conflicting rental bookings.
These indexes reduce the time needed for searches, making customer service more efficient.
[bookmark: _Toc192624054]Transactions for Data Consistency
[bookmark: _Toc192624055]Preventing Missing Repair Return Dates
One issue encountered was repair bookings being recorded without return dates, which created problems for both staff and customers. To resolve this, a transaction rollback mechanism was implemented, ensuring that a repair cannot be saved unless a return date is provided. If the return date is missing, the transaction is cancelled before being stored.
[bookmark: _Toc192624056]avoiding Conflictin Rental booking
A major problem was double-booked bicycle rentals, where customers were able to reserve the same bicycle for overlapping periods. A transaction check was implemented to detect overlapping bookings before confirming a new rental. If a conflict is found, the booking is automatically rejected, preventing customer disputes.
These transactional improvements enforce business rules and maintain data accuracy.
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This report has provided a comparison between SQL and NoSQL databases, offering guidance for Pronto Parcels in selecting a system that best suits their needs. Given the structured nature of parcel tracking and financial transactions, an SQL database is the recommended option, though NoSQL could be useful for handling real-time data streams.
For Eco Bike Hubs, the introduction of secondary indexing has significantly improved performance, reducing wait times for database queries. Additionally, transaction enforcement has ensured that repairs cannot be processed without return dates and that bicycle rentals cannot be double-booked.
By adopting these solutions, both companies can enhance operational efficiency, prevent errors, and improve customer satisfaction. These improvements will allow for scalability, faster processing times, and better data consistency, ensuring that their databases continue to support business growth.
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