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[bookmark: _Toc188007565]Abstract 
This report compares SQL and NoSQL databases, examining their various qualities, advantages, and limits to help Pronto Parcels make a sound database decision. The report discusses the structural differences, scalability, flexibility, and specific use cases of each database type. The analysis is based on academic research and seeks to connect database selection with organisational goals, operational requirements, and data types handled by Pronto Parcels.

[bookmark: _Toc188007566]Introduction  
Within the area of database management, the contest between Structured Query Language, or SQL, and NoSQL databases is widely recognised. The two kinds of databases offer distinct characteristics, benefits and restrictions, which make them appropriate for a variety of usage scenarios. This section will give an in-depth analysis of SQL vs NoSQL databases, which is supported by relevant research, that will help Pronto Parcels in making a sound selection.
[bookmark: _Toc188007567]Structure and data model 
SQL databases, which are frequently referred to as relational databases, where tables and their relationships are structured using a schema. Each table in the database is made up of rows as well as columns, with every column reflecting an attribute and every row reflecting a record. The schema is predetermined and inflexible, consequently any modifications to the structure require modifying the schema [1].
In contrast, NoSQL databases provide an even more versatile data model. These can be divided into four different kinds such as document based, key value stores, column family stores, and graph databases. NoSQL databases Document based keep information as JSON files, whereas key value stores utilise the straightforward combination of keys and values method. Column family stores and organise information into columns, while graph databases present information as edges and nodes. This versatility enables NoSQL databases to manage greater data that is unstructured or semi-structured [1].







[bookmark: _Toc188007568]Scalability 
Scalability is an important consideration in database selection, particularly for companies undergoing substantial growth. SQL databases are typically vertically scalable, which means they need stronger equipment to meet rising loads. For enormous amounts of data, this can become prohibitively expensive and impracticable [2].
In contrast, NoSQL databases are intended to scale horizontally. They can spread data over numerous servers, which makes it simpler to cope with massive amounts of data and high volumes of traffic. This horizontal scalability is provided through splitting, which divides and distributes data across multiple nodes [2].

[bookmark: _Toc188007569]Schema and flexibility
SQL database’s rigid structure helps with maintaining data integrity and consistency, which makes them perfect for applications that require these characteristics, such as banking systems. However, this rigidity might be a disadvantage when working with dynamic data formats.
In contrast NoSQL databases have a schema less design, which allows for continuous modifications to the data structure without having a specified schema. This adaptability is useful for systems with constantly shifting needs or for those who handle a variety of data types [3].

[bookmark: _Toc188007570]Transactions and consistency 
SQL databases provide ACID (Atomicity, Consistency, Isolation, and Durability) transactions, which ensure dependable and consistent operations on data. Thus, making it appropriate for systems where database integrity and accuracy are critical.

In contrast NoSQL databases, despite providing some level of consistency, may not necessarily assure instant consistency as it uses the BASE model, valuing access and tolerance for partitions over instant consistency. This trade-off is appropriate for systems that require only eventual consistency, such as social network platforms [4].

[bookmark: _Toc188007571]Use cases 
SQL databases are appropriate for systems that require complicated queries, transactions, and data integrity. ERP systems, CRM systems, and finance applications are some of the examples [5].

NoSQL databases thrive in processing massive amounts of unstructured or semi-structured data, which makes them appropriate for large-scale data applications, analytics in real time, systems for managing content, and IoT applications [5].

[bookmark: _Toc188007572]Backup and recovery
The backup and recovery procedures vary among SQL and NoSQL databases. SQL databases often provide strong backup strategies, such as full, differential, and transaction log backups. These procedures ensure that data could be recovered to a precise date and time, offering an excellent level of data protection.
in contrast NoSQL databases provide backup options, they may not necessarily have the precise degree of resolution as SQL databases. backup methods for NoSQL databases typically include taking snapshots of the information. Nevertheless, the distributed structure of NoSQL databases may complicate backup and recovery procedures, demanding thoughtful preparation and execution.

[bookmark: _Toc188007573]Review 
The change in the direction of the technology used for databases from SQL to NoSQL is a paradigm shift in data management methodologies, prompted by the requirements of new applications and complicated data forms. The literature contains numerous studies that assess the performance, scalability, and adaptability of these databases. For example, NoSQL systems are not only an option, but a need when dealing with huge data scenarios where relational databases fail because of schema rigidity and scale constraints [6]. 
This position is reinforced by arguing that a distributed computer system cannot accomplish consistency, availability, and partition tolerance at the same time. NoSQL systems, which embrace this theory, provide configurations which enable programmers to select between consistency and availability based on business requirements, giving them a considerable advantage over traditional SQL databases in specific scenarios [7].
Furthermore, the ability of NoSQL databases to store unstructured data such as texts, social media interactions, and sensor data empowers businesses to use big data for statistical analysis and making decisions. According to much research, document stores like MongoDB and key-value stores like Redis demonstrate the adaptability needed for effectively handling semi-structured and unstructured data [6].
SQL databases, on the other hand, are praised for having strong handling of transactions and data integrity capabilities, that are still essential for applications that cannot tolerate anomalies like financial and accounting systems. The structured query language (SQL) allows for complicated queries that are required for deeper data analysis as well as reporting areas where certain NoSQL databases might have difficulty without extra processing layers [8].
This detailed research, based on academic and industry sources, emphasises the need of matching the choice of a database system to organisational objectives, operational demands, and the type of the data that is being handled. Generally, businesses must examine these criteria while determining whether to use SQL or NoSQL databases to ensure efficiency, scalability, and future growth.


[bookmark: _Toc188007574]Solutions for Eco Bike Hubs
The implemented database solution provided for Eco Bike Hubs efficiently tackles numerous critical operational difficulties faced by the company. By implementing a complete database system that covers multiple areas of the business from bike rentals and repairs to customer support and inventory management the database system offers an organised way to streamline operations and boost the delivery of services. 
[bookmark: _Toc188007575]Key Solutions Provided:
1. Simplified Bookings and Rental Handling: The database's structure allows for efficient handling of bicycle rentals using the rentals table, making sure that bicycles can be rented upon request without overbooking. This is crucial to ensuring customer happiness and business efficiency.
2. Efficient Repair and Maintenance Monitoring: The database uses the workshop table to keep track every repair and service activities with start and end dates, giving precise timeframes for services and improving communication with customer about the progress of their repairs.
3. Enhanced Customer Communication: The customer requests table enables rigorous monitoring of customer enquiries and requests, guaranteeing that they are addressed in an efficient manner. This improves customer engagement and reliability of service.

4. Robust Inventory and Sales Monitoring: The database manages both inventory and sales through the sales table and parts table, ensuring that transactions are reliably recorded and levels of inventory remain consistent, avoiding shortages and maintaining the availability of parts and bicycles.
5. Improved Trade and Exchange Procedures: The database facilitates the effective management of bicycle trades using the trade table, making sure all transactions are correctly recorded, consequently maintaining customer confidence as well as transparency.
6. Coordinated Staff and Branch Operations: The structure of the database helps in the synchronisation of activities across several branches and ensures that staff roles such as general staff and mechanics are properly specified in the staff table, hence improving overall operational efficiency.
Overall, the database system provides Eco Bike Hubs with a powerful tool for effectively managing their complicated business requirements. By simplifying essential procedures and maintaining data integrity, the database system enables Eco Bike Hubs to provide consistent, high-quality service to their clients, resulting in better business performance and customer satisfaction. 

[bookmark: _Toc188007576]Secondary Indexes
To increase the efficiency of regularly performed queries within the Eco Bike Hubs database, it is important to set up secondary indexes on columns that are used constantly. the following three secondary indexes are recommended based on transactional demands and usual query patterns:
1. Status column.
The status column within the bikes table is typically used to figure out whether the bike is available for hire, rented or in repair. Most transactions, such as rental bookings, depend on confirming the bike availability. Indexing the status column provides rapid retrieval of relevant bikes, which reduces execution time for queries during rental or repair operations. This optimisation is especially important during peak business hours, when rapid processing is required. Implementing this could improve the process and improve the customer satisfaction.
2. Start and end date column:
The start and end date fields are critical when arranging and keeping track of repairs or services in the workshop table. These columns are frequently used to look for bookings or give a summary of current and pending work. Indexing these columns allows the database to efficiently process range queries, making sure the repair schedule stays conflict-free and accurate at all times. This is critical for ensuring efficient workshop procedures and overall customer satisfaction.
3. Customer Id column:
Customer related queries are common, particularly when accessing a customer's rental history or purchase details. Indexing the customer id column in the rentals table and sales table provides rapid access to a customer's transactional data. This optimisation improves customer service operations by allowing staff members to rapidly address enquiries, provide quick service.












[bookmark: _Toc188007577]Transactions 
The transaction implemented for Task 1, item 3, has the objective to improve the operational effectiveness as well as information integrity at Eco Bike Hubs by addressing many major concerns highlighted in their repair, service booking and bicycle rental procedures.
Guaranteed dates of return for bicycle maintenance: which is one of the frequent issues raised by Eco Bike Hubs is the occasional omission of return dates in bicycle maintenance arrangements. The carefully designed transaction overcomes this issue by implementing strict conditioned checks inside a procedural block. This makes sure every repair or service booking created in the database system has a stated returning date, which would rationally follow the repair's start date. If the above requirements are not met, the transaction will not commit, preventing the inclusion of partial or incorrect information. This enforcement ensures that each repair booking is completed on time, increasing reliability of service and satisfaction among consumers by providing clear and dependable service completion dates.
Ensuring Accurate Bicycle hiring time: A further problem solved through the transaction is the management of bicycle hiring hours, namely making sure that rental bookings are not in conflict with current scheduling or exceed available bicycle inventories. The designed transaction thoroughly ensures that the bicycles meant for rent is not only available but is also not currently rented for the desired duration. Eco Bike Hubs may improve their rental operations by avoiding double bookings as well as handling bicycle availability effectively. This phase is critical to establishing outstanding ratings from consumers and confidence in the Eco Bike Hubs' services.

To summarise, the transaction proposed for Task 1, item 3 not only tackles specific operational difficulties, but also makes a substantial contribution to Eco Bike Hubs' overall strategic management and customer service delivery. This integrated solution guarantees that Eco Bike Hubs continue to prosper by providing trustworthy, efficient, and customer-focused services.




[bookmark: _Toc188007578]Conclusion 
The precise data requirements, anticipated load, and operational dynamics of Pronto Parcels should inform the decision between SQL and NoSQL databases. SQL databases are recommended when transaction integrity and accurate data structure are critical. In contrast, if the organisation values scalability and the ability to handle large amounts of unstructured data, NoSQL should be explored. Finally, the decision would be based on aligning the database's capabilities with Pronto Parcels' strategic goals and data governance policies to maximise operational efficiency and growth opportunities.
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