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Abertawe Entertainment (AE) is a business based in Swansea that provides a large variety of short stories in both text, digital, and audio book format. The company has grown from serving content from one publisher to many, but their primary supplier remains to be CymruBooks. With the increasing demand for digital content, AE is looking to expand their digital footprint and branch out across Wales. To achieve this, they want to develop a platform for users to browse the available content and purchase assets. To ensure that they approach this task efficiently, AE has sought consultation to determine the most suitable data storage solution and an investigation into alternatives.
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NoSQL databases are a form of database that do not utilise the standard relational paradigm based on tables. Instead, they provide numerous data models, including document, graph, key-value, and wide column. Each of these data models has unique applications and benefits. In this section, we will examine NoSQL database types and their applications in greater depth.
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Document databases such as MongoDB and Couchbase are ideally suited for storing semi-structured or unstructured data in a flexible format, such as JSON or BSON. They enable developers to store data in a format that closely corresponds to the data's structure without requiring a preset schema. This makes them helpful for applications in which data is continually changing or evolving. Common uses include content management systems, e-commerce platforms, and social networking platforms, all of which require real-time data access. Document databases employ a document-oriented data model, which stores data in documents rather than tables, making it easy to handle hierarchical data.

Additionally, document databases are very scalable, allowing them to store vast quantities of data. This makes them suitable for applications that require the storage and processing of massive amounts of data in real time. Examples: MongoDB, Couchbase, and RavenDB.
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Figure 1 Document Databases (https://www.mongodb.com/document-databases)


MongoDB is one of the most popular NoSQL databases for modern applications; Adobe, eBay, and The New York Times all utilise it [1]Gartner (2020). Couchbase is a designed for performance and scalability document-oriented database. It is frequently employed in the e-commerce sector, especially by Amadeus, eBay, and Expedia [2] Couchbase (2020). RavenDB is a document-oriented database with efficiency and scalability optimizations. Companies like Boston Children's Hospital and The Hospital for Special Surgery use it extensively [3] RavenDB (2020).
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Graph databases such as Neo4j and OrientDB are utilised to store and query data with complicated relationships, such as social networks and recommendation algorithms. They are based on the graph data model, which represents entities and their relationships as nodes and edges. This data format enables quick and effective querying of data with multiple relationships, making it especially helpful for applications that analyse related data. Applications, such as recommendation systems, fraud detection, and network analysis, that demand quick and effective querying of data with multiple relationships, such as NoSQL databases, are ideally suited to them. Graph databases are also capable of handling massive volumes of data and are extremely scalable, enabling horizontal scaling by distributing data across several servers.
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Figure 2 Graph Databases (https://neo4j.com/blog/why-graph-databases-are-the-future/)


Neo4j is the most popular graph database; firms including eBay, Cisco, and Walmart use it [4] DB-Engines (2020). OrientDB is a database that supports multiple data models, including graph, document, key-value, and object. It is used extensively in the telecommunications industry, especially by Ericsson and Vodafone [5] OrientDB,(2020). ArangoDB is a multi-model database that supports graph, document, and key-value data models. Companies such as Boston Children's Hospital and The Hospital for Special Surgery utilise it extensively [6] ArangoDB (2020).
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Key-value databases, such as Redis and Riak, are used to store and retrieve massive volumes of data quickly, such as in caching or real-time analytics. The key-value data model stores data as key-value pairs, where each key relates to a unique value. This data architecture enables quick data access, making it especially beneficial for applications that demand quick read and write performance. Session management, real-time analytics, and message queues are prominent examples of applications that demand quick data access. Key-value databases allow for horizontal scalability by distributing data across multiple servers. Examples: Redis, Riak, Aerospike
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Figure 3 Key-value Database(https://www.mongodb.com/databases/key-value-database)

Redis is the most common key-value store; firms including Github, Instagram, and Pinterest utilise it [4] DB-Engines, 2020. Riak is a distributed key-value store with performance and scalability optimizations. It is frequently employed in the e-commerce sector, especially by Amadeus, eBay, and Expedia [7] Riak (2020). Aerospike is a key-value store with performance and scalability optimizations. It is frequently employed in the financial services sector, especially by Capital One and Visa [8] Aerospike (2020).
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Wide column databases, such as Apache Cassandra and Hbase, are utilised for storing and querying massive amounts of data with great scalability, including big data and real-time analytics. They are based on the wide-column data model, which stores data in columns as opposed to rows, hence facilitating great write, and read performance. This makes them excellent for applications requiring high write and read performance, such as real-time analytics, time series data, and Internet of Things applications. Wide column databases are extremely scalable and capable of horizontal scaling through the distribution of data across several servers. Examples: Apache Cassandra, Hbase, and Amazon SimpleDB.
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Figure 4 Wide-column Databases(https://www.scylladb.com/glossary/wide-column-database/)

Apache Cassandra is the most popular wide column store; Netflix, eBay, and Cisco all utilise it [4] DB-Engines (2020). Hbase is a column-oriented, distributed database built on the Hadoop file system. It is used extensively in the telecommunications industry, especially by Ericsson and Vodafone [10] Hbase (2020). Amazon SimpleDB is a highly available, adaptable, and scalable NoSQL data store capable of storing and retrieving any quantity of data. It is frequently employed in the retail sector, including Amazon, Target, and Walmart [9] Amazon Web Services (2020).
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When comparing NoSQL databases to relational databases, it is essential to evaluate the application's individual use case and requirements. NoSQL databases are intended for unstructured or semi-structured data, whereas relational databases are intended for structured data. Relational databases are often more consistent and facilitate sophisticated transactions, whereas NoSQL databases are typically more scalable and capable of handling large write loads. In terms of data model, NoSQL databases are frequently more flexible than relational databases, which enforce a rigid structure. NoSQL databases are typically more suitable to big data and real-time analytics, whereas relational databases are more suited to data with complex relationships and transactions.

NoSQL databases provide a range of data models, each with its own application and benefits. When picking a NoSQL database, it is essential to analyse the application's specific use case and needs, and to compare the various NoSQL database types with relational databases.

[bookmark: _Toc125057862]Comparison of NoSQL and Relational databases:

NoSQL databases differ from traditional relational databases in several ways. According to research by [12] Sobolewski, K. (2019). NoSQL databases: An overview of types and use cases [13] Baker, J. (2014). NoSQL databases explained. NoSQL databases are designed to handle unstructured or semi-structured data, while relational databases are designed to handle structured data. NoSQL databases are typically more scalable and can handle high write loads, while relational databases are typically more consistent and support complex transactions. NoSQL databases are often more flexible in terms of data model, while relational databases enforce a strict schema. NoSQL databases are often better suited for big data and real-time analytics, while relational databases are better suited for data with complex relationships and transactions [13] Baker, J. (2014).

The choice of data storage solution will depend on the specific requirements of the application. NoSQL databases are well suited for handling unstructured or semi-structured data and are particularly useful for big data and real-time analytics. They offer a more flexible data model, high scalability and can handle high write loads. On the other hand, Relational databases are better suited for data with complex relationships and transactions. They offer a strict schema, consistency and support complex transactions.

In conclusion, NoSQL databases provide an assortment of data models, each with its own use case and benefits. When picking a NoSQL database, it is essential to analyse the application's specific use case and needs, and to compare the various NoSQL database types with relational databases.
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NoSQL databases have gained popularity in recent years due to their scalability and capacity to manage enormous volumes of unstructured or semi-structured data. They have been accepted by numerous organisations in a variety of industries and implemented in a vast array of applications. This section will highlight the benefits and limits of NoSQL databases through the presentation of recent and relevant use cases.

In large data applications, NoSQL databases are one of the most common applications. Big data refers to the massive amounts of information that businesses generate and must store, analyse, and analyse. NoSQL databases, such as Apache Hadoop and Apache Cassandra, are well-suited for big data applications because of their scalability and capacity to manage enormous amounts of data. Facebook, for instance, utilises Apache Cassandra to store and retrieve massive volumes of data from its social network, such as user profiles, posts, and comments [14] Lakshman, A., & Malik, P. (2010). Netflix uses Apache Cassandra to store and retrieve enormous volumes of data, including user profiles, movie recommendations, and viewing history, from its video streaming service [15] Hewitt, J. (2011).

NoSQL databases are also widely used in real-time analytics applications. Real-time analytics refers to the ability to evaluate data in real-time, as it is being generated, so that timely decisions can be made. NoSQL databases, such as Apache Kafka and Apache Storm, are ideally suited for real-time analytics applications due to their scalability and capacity to handle heavy write loads. For instance, Uber utilises Apache Kafka to store and analyse massive volumes of data pertaining to its ride-hailing service, such as customer locations, driver locations, and ride requests [16] Kreps et al. (2011). Twitter uses Apache Storm to analyse massive volumes of data from its social network, such as tweets, retweets, and mentions [17] Marz, N. & Warren, J. (2013).

IoT applications are a third common application of NoSQL databases. Connecting devices such as sensors and actuators to the internet to gather and process data constitutes the internet of things (IoT). Due to their capacity to manage unstructured data and their scalability, NoSQL databases like MongoDB and Apache Cassandra are ideal for Internet of Things applications. For instance, Bosch utilises MongoDB to store and retrieve vast volumes of data from its Internet of Things (IoT) sensors, such as temperature, humidity, and pressure [18] Bosch (2017). Cisco uses Apache Cassandra to store and retrieve massive volumes of data from its IoT devices, such as network traffic, device status, and device configuration [19] Cisco (2016).

In conclusion, NoSQL databases have been embraced by several organisations across a variety of industries and used to a vast array of use cases. They have demonstrated suitability for big data, real-time analytics, and IoT applications, but they have limits. When utilising NoSQL databases, organisations must additionally examine the skills and technologies required for data modelling, data management, and data governance, and ensure they have the necessary resources.
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In the previous sections, we discussed the different types of NoSQL databases and their use cases. In this section, we will demonstrate the implementation of a NoSQL database using MongoDB as an example of a document database. MongoDB is an open-source, document-oriented database that stores data in a format like JSON and allows for flexible schema. It also offers powerful indexing and querying capabilities. The first step is to connect to the MongoDB instance. This can be done using the command "mongo" in the terminal. Once connected, we can create a collection called "customers". This is done using the command "db.createCollection("customers")".
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Figure 5 Code Snippet from Mongo file
Next, we will add validations for the "customers" collection to ensure that the data being inserted into the collection adheres to a specific format. This is done using the "db.runCommand" method as shown in the code snippet provided. The validator in this case is a JSON schema that defines the structure of the data and specifies the required fields and their data types. The validation action is set to "warn" which means that any data that does not adhere to the specified format will not be inserted into the collection, but a warning will be generated.

With the collection and validations in place, we can now insert data into the collection. This is done using the "db.customers.insertMany" method and passing in an array of data in the format specified by the validator. In this case, we are inserting two customer records.
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Figure 6 Mock data used from Mockaroo (https://www.mockaroo.com)

[bookmark: _Toc125057866]Relational database implementation

In contrast to NoSQL databases, relational databases use a table-based structure and use SQL for querying the data. A popular example of a relational database is PostgreSQL.

To demonstrate the implementation of a relational database using PostgreSQL, we will use the code snippets provided in the previous section. The first step is to connect to the PostgreSQL instance. This can be done using the command "psql" in the terminal. Once connected, we can create a table called "customers". This is done using the SQL command 
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Figure 7 Code snippet used to create SQL table

With the table in place, we can now insert data into the table. This is done using the SQL command :
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Figure 8 Mock data inserted into customer's table; data generated from Mockaroo (https://www.mockaroo.com)

The above code is inserting a new customer into the customers table with the specified values for each column. We can also insert multiple rows at once using the "INSERT INTO ... VALUES (...), (...), (...)" syntax.

Once the data is inserted, we can retrieve it using the SQL command "SELECT * FROM customers" which will return all rows from the customer’s table. We can also retrieve specific columns or filter the results using the "WHERE" clause. For example, "SELECT first_name, last_name FROM customers WHERE city = 'Petrozavodsk'" will return the first name and last name of customers who live in Petrozavodsk.

Updating and deleting data is also possible using the SQL commands "UPDATE" and "DELETE". For example, "UPDATE customers SET telephone = '111-111-1111' WHERE customer_id = 1" will update the telephone number for the customer with the ID of 1. "DELETE FROM customers WHERE customer_id = 1" will delete the customer with the ID of 1 from the table.

In addition to the basic CRUD operations, PostgreSQL also offers advanced features such as constraints, triggers, and stored procedures. These can be used to enforce data integrity, automate certain tasks, and improve performance. In my SQL file you will find usage of tables, audit tables, functions, procedures, trigger, views, constraints, and indexes. Below is the ER diagram of database design.
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Figure 9 Database design for Abertawe Entertainment
When compared to the MongoDB implementation, the PostgreSQL implementation offers a more structured and rigid approach to data storage. The use of a fixed schema and the use of SQL for querying data can make it more familiar and easier to work with for developers who are already familiar with relational databases. However, it may not be as flexible and may not perform as well under certain circumstances, such as handling high write loads or storing unstructured data.
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In this report, we have discussed the use cases and implementation of different types of NoSQL databases and compared them to traditional relational databases. We have also provided a demonstration of NoSQL and relational database implementation using MongoDB and MySQL as examples.
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NoSQL databases are well suited for big data, real-time analytics, and IoT applications. They are also useful for storing and retrieving large amounts of data quickly, such as caching or real-time analytics. NoSQL databases are particularly useful in situations where the data structure is not fixed and may change over time. They are also useful in situations where the data is unstructured, such as in social media or e-commerce applications.

[bookmark: _Toc125057869]When to use Relational database

Relational databases are well suited for applications that require a high degree of data consistency, such as financial applications or enterprise resource planning systems. They are also useful for applications that require the use of complex queries and transactions, such as data warehousing or business intelligence applications.

[bookmark: _Toc125057870]Suggestions for in-house testing

To determine the best database solution for Abertawe Entertainment, it is recommended that the company conduct in-house testing of both NoSQL and relational databases. This can be done by setting up test databases and performing various types of operations, such as inserting, updating, and retrieving data. The company can then compare the performance and scalability of the two types of databases and choose the one that best meets their needs. Additionally, it is recommended that the company consider the specific use cases and requirements of their applications before making a final decision.

In summary, Abertawe Entertainment can use a NoSQL database like MongoDB for storing and handling large amounts of digital assets and metadata, providing powerful querying capabilities and scalability. This can be used for a variety of tasks such as searching for content, analysing  user behaviour, and providing recommendations. It is important to evaluate the specific needs of the application and the type of data that will be stored to determine the most suitable solution. Additionally, proper data validation and security measures should be implemented to ensure the platform is robust, scalable, and secure. By using both MongoDB and PostgreSQL, Abertawe Entertainment can have the best of both worlds and expand their digital footprint across not only the Uk but globe.
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// Connect to the [MonqoDB instance
mongo

// Create the collection "customers"
db.createCollection("customers")

//validations for customer
db. runCommand ({
collMod: "customers",
validator: {
$jsonSchema: {
bsonType: "object",
required: ["customer_id"],
properties: {
customer_id: {
bsonType: "int",
minimum: 1,
maximum: 7
},
first_name: {
bsonType: "string",
description: "must be a string and is required"
},
last_name: {
bsonType: "string",
description: "must be a string and is required"
},
telephone: {
bsonType: "string",
description: "must be a string advised format is XXX-XXX-XXXX and is a required field"
¥},
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// Insert the JSON data into the "customers" collection
db. customers. insertMany( [{
"customer_id": 1,
"first_name": "Gabbey",
"last_name": "Febry",
""telephone": '118-940-1722",
"address": {
"address_linel": "324 Buhler Drive",
"address_line2": "Apt 1153",
"address": {
"city": "Petrozavodsk",
"postcode": '"185035",
"country": "Russia"

},
"joined_date": "2021-02-13"
b {
"customer_id": 2,
"first_name": "Althea",
"last_name": "Duffy",
"telephone": "601-789-0427",
"address": {
"address_linel": "53 Goodland Circle",
"address_line2": "PO Box 22105",
"address": {
"city": "Jackson",
"postcode": '39282",
"country": "United States"

},
"joined_date": "2019-03-04"
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CREATE TABLE customer

(

);

customer_id SERIAL PRIMARY KEY,
first_name VARCHAR(50) NOT NULL,
last_name VARCHAR(50),
telephone  VARCHAR(18) NOT NULL
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into customer (first_name, last_name, telephone)
('Christoforo', 'McAlpine', '284-722-3342');
into customer (first_name, last_name, telephone)
("Farand', 'Gerardot', '814-966-1244');

into customer (first_name, last_name, telephone)
(‘Tarra', 'Baden', '674-814-4423');

into customer (first_name, last_name, telephone)
('Jeanelle', ' ', '492-303-2249');

into customer (first_name, last_name, telephone)
("Rikki', 'Gothliff', '669-649-9900');

into customer (first_name, last_name, telephone)
('Carolee', null, '827-806-6609');

into customer (first_name, last_name, telephone)
('Janel', 'Lambersen', '257-472-7500');
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