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Abstract

With the continuous development of information technology, new database application fields are constantly produced. In the face of business requirements such as big data and high concurrency, traditional relational databases cannot meet the needs any longer which result in the non-relational databases are being created. The first part of the article introduces briefly the four types of non-relational data, followed by a comparison of their advantages, disadvantages, and use cases by listing them. In the second part of the article, non-relational databases are compared with traditional relational databases, concluding that in certain specific scenarios, people can only use non-relational databases to meet storage needs such as high concurrency and big data. Finally, MySQL and MongoDB respectively give the database design scheme, in order to better meet the requirements of Abertawe Entertainment company.









1  The description of several types of NoSQL databases
1.1 The introduction of NoSQL databases
In the current era of information explosion, the data is growing rapidly every day. To store and manage so much data at this time poses increasing challenges to traditional databases. When facing a large amount of data even differ in types,the representatives in traditional relational databases such as MySQL, Oracle, SQL server are in a dilemma. . Hence the concept of NoSQL, which is designed for unstructured data and cluster environments. It was first proposed by a software developer named Johan Oskarsson. In 2009, Johan Oskarsson first introduced the NoSQL concept at a technology exchange conference in San Francisco, and for several years thereafter, thanks to NoSQL,in this era of information explosion, NoSQL databases provide the possibility of storing massive amounts of data. 
With its excellent performance and scalability, NoSQL databases was soon rapidly developed and promoted. And now ,the author will describe what is NoSQL datases an its types below. 
Currently, people will split the NoSQL into No and Sql to understand, interpreted as not only sql. Literally, Nosql is a non-traditional relational database, or NoSQL is relative to the traditional SQL, in fact, the correct understanding of NoSQL should be NO RDBMS, that is, a non-relational database management system. They are different from the traditional relational structure database system, and are developed in order to more easily expand the cluster environment.

1.2  The concept of four types of NoSQL database and its use case in reality
1.2.1 Key-value databases
The key value database is inspired by the data structure, which points to a data through Key and Value. Thus, the data access layer of the entire NoSQL system only needs to store the keyprice. The biggest advantage of the key value model is that the data model is relatively simple, which only needs to query and modify the data through key. At present, the main key value databases are: Tokyo Cabinet / Tyrant, Redis, Voldemort, Oracle BDB, etc.Among those key value databases, one of the most typical key-value database is Redis .
 In the actual production environment, you need to decide how many Redis processes to open according to the actual demand. If the high concurrency requirements are higher, you may consider starting multiple processes on the same server. If the CPU resources are relatively tight, just use a single process.The advantages of Redis are shown below
• Very high data reading and writing speed: the data reading speed can reach up to 110,000 times / s, and the data writing speed can reach up to 81,000 times / s
• Support for rich data types: support for key-value, Strings, Lists, Hashes, Sets, and Ordered Sets
And other data-type operations.
• Support data persistence: the data in memory can be saved in disk, and can be loaded again and used when restart.
• Atomic nature: Redis All operations are atomic nature.
• Support data backup: that is, data backup in master-salve mode.
Redis runs as a memory-based database, and caching is one of its most frequently applied scenarios. In addition, common Redis applications include obtaining the latest N data, leaderboard applications, counter applications, storage relationships, real-time analysis systems, and logging.
1.2.2 Document databases
The document database is the most similar to the traditional relational database in the NoSQL database. Its main through JSON or class JSON format documents for storage. A document database can be considered an improved version of a key value database that allows nesting key values and documents to create indexes that a normal key value database cannot support. The current mainstream document databases include Couch DB and Mongo DB, Sequoia DB, and etc.
The main use case for Document databases is to store and manage semi-structured data in a flexible and scalable way. Document databases are designed to handle data that can vary in structure from one document to another. Each document can contain multiple fields, and the fields themselves can contain nested values, arrays, or other complex data types. This makes document databases ideal for storing data that is not easily represented in a traditional relational database, such as data from web applications, social networks, or content management systems.
Document databases are often used for content management, e-commerce, mobile and web applications, and other scenarios where flexible and scalable data storage is required. With document databases, developers can quickly add, modify, or remove fields from documents without having to modify the database schema, which can make application development faster and more flexible.
1.2.3 Wide column database
Column storage database, that is, store data in column families. Column families, which combine multiple columns into one group, and most column storage databases support column families. The advantage of column families is that they are able to store similar columns together to improve their storage and query efficiency. At present, the main column storage databases are: Cassandra, HBase,Riak clas and etc.
A column-clustered database (Wide-Column Database) is a type of NoSQL database that uses tables, rows and columns for data storage (wide-column store). Unlike relational databases, the names and formats of columns may differ from rows to rows in the same table. Wide column stores can be regarded as a 2D key value store.
Column-clustered databases are optimized for fast retrieved data columns and are commonly used for OLAP. Columned storage for database tables is an important part of analyzing query performance because it greatly reduces the overall disk I / O requirements and reduces the amount of data to be loaded from the disk. Another major feature of storing data by column is convenient to store structured and semi-structured data, and convenient to do data compression.
Wide column stores (Wide-column store) are different from earlier column stores (Column-oriented store) because their two-tier structure does not use a column data layout. In real column storage, a column data layout is used so that each column is stored separately on disk. Wide-column storage usually supports the concept of column families stored separately. In a given column family, all data is stored in a line-by-line manner, such that the columns of a given row are stored together instead of each column individually.
1.2.4 Graph databases
The graphics library is used to store the relationship before the entity. The graph database consists of two elements: node and relationship. Each node represents an entity, such as a person, place, thing, or other data, and each relationship represents how the two nodes are associated. Because this structure can be used to model a variety of different scenarios, such as from road systems, device networks, the medical history of a population, or things defined by other relationships. The query graph is also called the "traversal" graph, and the more representative graph database is Neo4J.The main use cases for graph databases include:
In summary, graph databases are ideal for applications that require complex data modeling and analysis of relationships between data points, such as social networks, recommendation engines, fraud detection, knowledge graphs, and master data management.

1. 3 The comparison of different types of NoSQL databases
 (1)Document Databases:
- Data Model: Semi-structured documents with nested fields and arrays.
- Use Cases: Content Management, E-commerce, Mobile and Web Applications.
- Advantages: Flexible data schema, easy to scale horizontally, good for document-based queries.
- Examples: MongoDB, Couchbase, RavenDB.
(2)Graph Databases:
- Data Model: Nodes, Edges and Properties.
- Use Cases: Social Networks, Recommendation Engines, Fraud Detection.
- Advantages: Fast graph traversal, good for complex queries, easy to represent relationships.
- Examples: Neo4j, OrientDB, ArangoDB.
(3) Key-value Databases:
- Data Model: Simple key-value pairs.
- Use Cases: Session Management, Caching, Distributed Systems.
- Advantages: High read/write performance, easy to scale horizontally, simple data model.
- Examples: Redis, Amazon DynamoDB, Riak.
(4)Wide Column Databases:
- Data Model: Columns grouped into column families, with rows indexed by row keys.
- Use Cases: Time Series Data, Analytics, Logging.
- Advantages: Good for write-intensive workloads, easy to scale horizontally, efficient for column-based queries.
- Examples: Apache Cassandra, HBase, ScyllaDB.
Each type of NoSQL database has its own strengths and weaknesses, and the choice of database depends on the specific requirements of the application. For example, document databases are suitable for handling semi-structured data, while graph databases are suitable for handling highly interconnected data. Key-value databases are ideal for high read/write workloads, while wide column databases are suitable for storing large amounts of time series data.












2  The debate between NoSQL database and relational databases
2.1 What is relational databases
A relational database is a type of database that organizes data into one or more tables, where each table consists of rows and columns. In a relational database, data is stored in a structured manner, and relationships between data can be easily defined and enforced through the use of foreign keys.
The basic components of a relational database are tables, which are sometimes referred to as relations. Each table consists of rows, which are sometimes called tuples or records, and columns, which are sometimes called attributes or fields. Each column in a table represents a specific type of data, such as a string or a number, and each row in a table represents a specific instance of that data.
Relational databases use SQL (Structured Query Language) to interact with the data. SQL is a powerful language that allows users to query, insert, update, and delete data in a relational database.
Some examples of relational databases include MySQL, Oracle, Microsoft SQL Server, and PostgreSQL. Relational databases are widely used in a variety of applications, including financial systems, inventory management, and e-commerce websites.

2.2 The comparison between NoSQL database and relational databases
• Different usage scenarios: relational database is suitable for database query scenarios with particularly complex relationships, while non-relationships is vice versa
• Support for the "transaction" feature: relational databases provide perfect support for transactions, but non-relational databases do not
• Query speed: The NoSQL database stores the data in the cache, and does not need to go through the SQL layer. The relational database stores the data in the hard disk, and the natural query speed is far less than the NoSQL database.
• Format of storage data: The storage format of NoSQL is key, value form, document form, picture form, etc., so it can store various formats such as base types, objects or collections, while the database only supports the base type.
•  Traditional relational databases such as MySQL guarantee strong consistency and usability at the expense of partition fault tolerance. The NoSQL database, both Couch DB and Mongo DB, maintain the partition fault tolerance, which lays the foundation for the storage and processing of massive data.theoretical principle. This section will mainly explain these three theories.

2.3 When we should use NoSQL database or relational databases
There are listing some scenarios where using a NoSQL database may be preferable to a relational database:
(1)Large-scale data: NoSQL databases are designed to handle large-scale data with high velocity, variety, and volume. They can easily scale horizontally, which means that more nodes can be added to the cluster to increase capacity, whereas relational databases are designed to scale vertically by adding more resources to a single machine.
(2) Unstructured or semi-structured data: NoSQL databases can handle unstructured and semi-structured data, such as documents, images, videos, and social media data, whereas relational databases are optimized for structured data that is consistent and fits neatly into tables.
(3)High availability and fault tolerance: NoSQL databases are designed to be highly available and fault-tolerant, which means that they can continue to operate even if a single node fails. They also have built-in replication and sharding capabilities to ensure data redundancy and fault tolerance.
(4) Agile development: NoSQL databases allow for more flexibility and agility in development since they do not require strict schema definitions. This makes them well-suited for agile development methodologies where requirements may change frequently.
(5) Performance: NoSQL databases are designed for high-performance read and write operations, especially for use cases that require low-latency and high-concurrency, such as real-time analytics and high-traffic web applications.
On the other hand, a relational database may be a better fit for:
(1)Structured data: Relational databases are designed for structured data with well-defined schema, such as financial data, customer data, and inventory data.
(2) Strong consistency: Relational databases provide strong consistency guarantees, meaning that data is always in a consistent state. This makes them suitable for applications that require data integrity, such as financial transactions.
(3) Complex queries: Relational databases provide advanced query capabilities through SQL, which allows for complex queries that can join and aggregate data from multiple tables.
Ultimately, the choice between a NoSQL database and a relational database depends on the specific requirements of your application.



[bookmark: _GoBack]3 The two different approach to meet the need in Abertawe Entertainment company
Abertawe Entertainment is a Swansea-based enterprise that offers a diverse range of short stories in text, digital, and audio book formats. Although they initially sourced their content from a single publisher, they have since expanded their offerings to include works from various publishers. However, CymruBooks remains their primary supplier. The company is now seeking to increase its online presence and expand throughout Wales. To achieve this goal, they plan to create a platform where users can browse and purchase their products.In order to meet the need Abertawe Entertainment proposed ,the author implement the databases by two different approach.

3.1The design of relational database based on MySQL
To store the user and digital asset data in SQL, two tables are being created, one for the users and one for the assets. 
In the users table, we have columns for the user's name, address, telephone number, and date joined. The user_id column is the primary key, which is auto-incremented for each new user added to the table.In the assets table, we have columns for the asset's title, author, genre, publisher, release date, price, stock amount, and blob data (if applicable). We also have a user_id column, which is a foreign key referencing the user_id in the users table. This allows us to associate each asset with the user who owns it.
Note that the ON DELETE CASCADE option is used in the foreign key constraint. This means that if a user is deleted from the users table, all the assets associated with that user will also be deleted from the assets table.
In the updated version of the users table, we've added a unique constraint on the email column to ensure that each user has a unique email address. We've also added a check constraint on the password column to ensure that passwords are at least 6 characters long.In the updated version of the assets table, we've added referential integrity constraints on the user_id column to ensure that each asset is associated with a valid user. We've also added check constraints on the price and stock_amount columns to ensure that they are not negative.
As for performance tuning enhancement ,we created two indexes named idx_user_id and idx_asset_id which will help it to speed up the query efficiency.And the stored procedure get_user _assets and get_asset_by_title is also being created .These code will make it possible to enhance the speed of selecting operations.
Having created two tables and related columns,ten pieces of information are being inserted for the benefit of completing the whole program

3.2 The design of relational database based on MongoDB
Mongo DB Is a representative database in Nosql data. It is a document database and is currently free and open source. Due to the distributed storage, it has the advantages of convenient dynamic expansion and free storage mode. In the case of high load, the server performance can be guaranteed by adding more nodes, and Mongo DB.
In the MongoDB database, the author divided the JSON files into four categories to store the information of books, discount codes, transactions, and users, and added at least 10 pieces of information to each category. For the "book" table, the author added field names such as "id", "genre", and "title"; for the "discount_code" table, the author added fields such as "id" and "discount"; for the "transactions" table, the author added fields such as "user_id", "asset_id", and "purchase_date"; for the "user" table, the author added fields such as "password", "telephone_number", and "email".

3.3 Conclusion
By implementing databases of different types, we can conclude that compared to traditional relational databases, NoSQL databases are more suitable for storing loosely structured files such as images, text, and even music, while relational databases are better suited for storing more structured data such as tables.
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