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Database management efficiency and robustness are important for many organisations in the modern day. To improve these, various techniques and approaches can be used. In modern times, SQL and NoSQL are the driving languages for managing databases. SQL is the industry standard for a structured approach, whereas NoSQL demonstrates a more scalable and flexible approach. Other techniques are also commonly used, such as secondary indexing and transactions. Secondary indexing improves query efficiency and transactions, creating more substantial integrity behind these queries. Although, on their own, these approaches demonstrate excellent capabilities, it is important to consider the needs of Pronto Parcels and Eco Bike Hubs to best utilise them.
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Efficient database management is essential to any modern-day company, particularly those with dynamic and vast data. This report delves into the database solutions tailored to the needs of Pronto Parcels and Eco Bike Hubs, two organisations with differing requirements. The focus of the report will highlight the need for different techniques to improve database models, performance optimisation, and transaction handling, ensuring greater scalability, reliability, and efficiency in their systems.
This report will discuss the debate between SQL and NoSQL, delving into each's advantages and disadvantages. It will offer Pronto Parcel insight into different database concepts and discuss the trade-offs between SQL's structured relational approach and NoSQL's flexible, scalable approach.
Similarly, performance tuning will be discussed to improve the Eco Bike Hubs database design. The report will investigate effective secondary indexing strategies to enhance operational efficiency. Additionally, transactions will be covered, exploring the data consistency and reliability that their addition brings.

[bookmark: _Toc187959003]SQL vs. NoSQL for Pronto Parcels
Structured Query Language (SQL) is a database sublanguage used for organising, managing and retrieving data stored in a relational database. These databases structure data in tables with defined relationships, making retrieval and management more efficient and logical. SQL is an adaptable language capable of handling multiple aspects of database management, such as data definitions, data retrieval, data manipulation, access control and data integrity. The primary application of SQL is for client-server communication, facilitating interactions between client applications and server-side databases in systems, allowing users to type SQL commands to perform queries and view results. It is important as it is the standard language for relational databases, supported by most major database systems, scaling across various systems, whether personal computers or handheld devices. What SQL is not capable of, however, is being used as a full-fledged programming language as it lacks features like loops or conditional branching. Instead, it is typically used as a sublanguage integrated into other languages. [1]
Not Only SQL (NoSQL) databases, on the other hand, represent an evolutionary approach to data storage and management. Emerging as a response to the limitations of a traditional relational database aimed to handle the scale, performance, and flexibility demands of modern applications. It deviates from traditional relational database principles, offering different storage models catered to different use cases, diverging from the rigid relational model (tables, rows and columns) to more flexible structures such as key-value pairs, document-oriented, wide-column for semi-structured data, or graph for focusing on relationships. One of the key concepts of NoSQL is its loosening of the ACID (atomicity, consistency, isolation, and durability) properties for transactions, particularly consistency and durability, to achieve greater scalability and performance. These concepts are known as eventual consistency and optimistic concurrency control. Eventual consistency allows updates to propagate across nodes over time, ensuring all nodes become consistent eventually. Optimistic concurrency control offers techniques such as multi-version concurrency control (MVCC), allowing concurrent reads and writes but may also introduce retires for overlapping transactions. In NoSQL databases, data is distributed across multiple servers using partitioning and sharding to improve scalability and reliability, often with redundancy to minimise the risk of data loss. [2]
When considering which approach is best for the system, covering the benefits and drawbacks is important. When tested, an SQL database has shown strong transactional capabilities, offering strong robust consistency, making it suitable for workloads requiring strict ACID properties. It has also been shown to perform well in scenarios with low to moderate concurrency levels, maintaining a consistent throughput and low latency [3]. SQL works well with structured data with straightforward schema definition, enabling transparent relationships between data elements. SQL can also provide a more mature security mechanism, such as access control. [4]
SQL's most significant drawbacks are scalability limitations; vertical scaling is limited to improving hardware, making it less adaptable to workloads that require horizontal scaling. It also has complexity with semi-structured or unstructured data, requiring predefined schemas and complex coding to manage hierarchal relationships. It has also been shown to have longer query times when working with complex or nested data structures. [3] [4]
Whereas NoSQL offers more flexibility in data models. Due to its schema-less structure, it allows for storage of structured, semi-structured and unstructured data, unlike in SQL. Users can add fields or update document structures without predefined schemas, making it suitable for dynamic and rapidly evolving data. It also has higher scalability because it supports horizontal scaling. Horizontal scaling distributes data and operations across multiple servers, allowing seamless handling of large-scale data and high transaction volumes. It also demonstrates a higher performance due to its reduced I/O operations by supporting embedded documents and arrays, leading to faster query execution. [5]
The main disadvantage of opting to use NoSQL is its data durability issues. NoSQL databases sacrifice consistency from the ACID properties for availability, leading to data loss in the event of node failure or when data replication is asynchronous. Some NoSQL databases struggle with maintaining high availability under high loads or during system reconfiguration. Inconsistent availability can affect reliability, leading to periods where the system is fully down. Lastly, due to its lack of full ACID support, NoSQL databases tend to trade consistency and isolation to achieve higher availability and scalability, resulting in eventual consistency models. This lack of support can result in errors or incorrect data being spread if used in a scenario where real-time consistency is needed. [6] 
It is important to consider their needs when deciding which database concept best suits pronto parcels. If the system they want to build requires strong transactional integrity, consistency, and the ability to handle complex relationships between structured data, whether for storing customer information, parcel tracking or shipping data, then an SQL database may be best suited. However, suppose the goal is to build a highly scalable, flexible system capable of managing more significant volumes of semi-structured or unstructured data. In that case, a NoSQL database might be better suited. Additionally, NoSQL databases are better suited for situations where fast response times and flexibility are important and eventual consistency can be tolerated. 
However, ultimately, the decision depends on Pronto Parcels' priorities. SQL will be more appropriate if consistency, structure, and complex queries are needed. NoSQL would likely be the better option for more scalability, better performance, and flexibility with evolving data. 

[bookmark: _Toc187959004]Performance Tuning for Eco Bike Hubs
One way to more effectively optimise the performance of the Eco Bike Hubs database is to focus on indexing columns that are most frequently queried and needed for business operations. Indexing a database can significantly improve a query's performance, enabling Eco Bike Hubs to efficiently handle its operations, particularly as the quantity of data grows. Among the different indexing techniques, secondary indexing plays a significant role in optimising database performance. Unlike primary indexing, secondary indexing improves performance due to its efficient data access, providing alternative access paths to base records and improving queries without relying on primary keys. Secondary indexes also reduce I/O since only relevant data pages containing necessary records are retrieved, significantly reducing I/O operations compared to scanning the entire dataset. [7] In this section, we will explore the most important data query requirements for Eco Bike Hubs and propose three secondary indexes that could improve query performance.
To find the most beneficial indexes, looking at the primary transactions and queries that Eco Hubs frequently executes is important. These queries often relate to bookings, rentals and sales. Booking queries are often filtered by customer information, booking date, and booking type to track bookings. Rental queries will look at bike identification , rental start and end dates. Lastly, sales queries comprise booking information, bike identification and sale dates for reporting purposes and inventory management. When looking at these common scenarios, it is noticeable that specific fields are queried more often than others, making them target candidates for indexing. Eco Bike Hubs can significantly optimise their database performance by implementing secondary indexes to these fields.
Booking-related queries at Eco Bike Hubs are typically filtered by customer_ID, date_booked and booking_type to retrieve active or past bookings. Indexing these fields can significantly speed up query performance and avoid unnecessary full table scans. The expected benefit would be that the database can quickly locate all customer bookings using the customer ID or filter by date or type.
Rental queries often focus on bike_id and rental_start_date and rental_return_date. By indexing these fields, the database can efficiently track which bikes are currently being rented and which are still available. This will improve bike availability and rental history queries, streamlining the rental management process.
Sales queries at Eco Bike Hubs will often need to be filtered by bike_ID, sale_date and booking_ID to track inventory and report sales effectively. Indexing these key fields would make for faster query performance when searching for sale records in the database, facilitating faster and more efficient reporting on product sales, enabling real-time inventory tracking and quicker insight into booking purchase history. 
In conclusion, secondary indexes are a powerful technique that can improve a database's performance, particularly on larger, more frequently queried datasets. By implementing secondary indexes on important columns such as customer_id in the bookings table, bike_id and rental_start_date in the rentals table, and sale_date and bike_id in the sales table, Eco Bike Hubs can significantly optimise their systems' efficiency. Proper indexing allows for the scalability of the database while allowing the business to manage bookings, rentals, and sales effectively with minimal delay. 
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In this section of the report, we will explore the role that transactions play in the Eco Bike Hubs system, focusing on two key issues highlighted in the document specification: why they are necessary and how they contribute to improving the current system.
Transactions are used as a way to simplify the complexities of distributed systems, especially when it comes to data management and processing, offering developers higher-level abstractions to work with, allowing for a set of operations as a coordinated unit of work, regardless of data location, replication, and system failures. One of the main advantages of adopting transactions is that they guarantee that all transaction operations are completed successfully or none of them are. Preventing partial or inconsistent states caused by failures. If a failure occurs, the transaction gets rolled back to its initial state, ensuring the reliability and consistency of the system. Additionally, transactions offer concurrency transparency, enabling multiple transactions to be executed simultaneously without conflict and enhancing system efficiency. [8]
Two primary issues can be identified in Eco Bike Hubs' current system, leading to inefficiencies and errors. These issues involve recording bicycle repair bookings correctly with logged completion dates and preventing rental bookings for unavailable bikes. The transactions implemented in Task 1, Item 3, are designed to address these problems, ensuring data integrity and preventing these issues.
The first issue relates to the repair booking process; sometimes, the completion date for bike repairs can be forgotten and recorded, leading to confusion. To address this issue, a transaction was created that checks whether a completion date is entered before the booking is finalised. If no completion date is provided, the transaction will raise an exception and rollback the system to a previous state before the booking that lacks the necessary details. This ensures that every repair booking contains the required details, maintaining consistency and completeness in the database.
The second issue relates to bicycle rentals; sometimes, customers can accidentally book already rented bikes, resulting in scheduling conflicts. A transaction was implemented to address this and check whether a requested bike is available for a specific rental period. If the bike is already booked, the system will raise an exception, and the transaction will be rolled back without saving the rental booking. This ensures that rental bookings can only be confirmed if the requested bike is genuinely available, preventing conflicts with other rental bookings and improving application ease of use.
[bookmark: _Toc187959006]Conclusion
To conclude, this report has examined database solutions and improvements for Pronto Parcels and Eco Bike Hubs, addressing each of their unique requirements. For Pronto Parcels, the report delved into comparing SQL and NoSQL databases, highlighting the importance of each approach's various benefits and drawbacks. SQL databases excelled in managing structured data with robust consistency, whereas NoSQL databases demonstrated an ability to bring scalability and flexibility to semi-structured or unstructured data. The final choice ultimately depends on Pronto Parcels' requirements.
For Eco Bike Hubs, performance tuning strategies like secondary indexing and transactions were explored to optimise database efficiency. Effectively utilising indexes on frequently queried fields, such as in bookings, rentals, and sales, can significantly enhance query performance. Then, transactions can be used to ensure data integrity by addressing challenges such as preventing duplicate bookings and incomplete repair bookings. 
Both organisations can improve efficiency and scalability by adopting various database solutions and optimisation techniques. These proposed strategies can create a more robust, adaptable, and efficient database management system, supporting the growing needs of Pronto Parcels and Eco Bike Hubs. 
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Entity relationship diagram for Eco Bike Hubs
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Normalisation process of the database for Eco Bike Hubs
1st normal form:
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2nd normal form:
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3rd normal form:
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(Excluding looking table which were added after. I.e – bike_status, booking_type, service_status, staff_role)
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