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[bookmark: _Toc125066835]Abstract
	Database technology is now widely used in information systems, and powerful information systems rely heavily on database technology. The definition, manipulation, management and maintenance of data in information systems across all industries require database technology to support them, and the basis for these operations is the design of databases. This article introduces traditional relational and non-relational databases and their advantages, disadvantages and applicable scenarios, and introduces common non-relational databases. Data is created using Mysql and MongoDB respectively, and a comparison of the requirements of Abertawe Entertainment reveals that Mysql is the more appropriate choice.



[bookmark: _Toc124976209][bookmark: _Toc125066836]1 Traditional relational databases
1.1 [bookmark: _Toc125066837]Introduction to relational databases
	Data management technology has gone through manual management phase, file system phase, database system phase, after the milestone development in the relational database technology phase, and in this phase appeared Oracle, DB2, SQL Server, MySQL and other widely used database representatives, these databases have many similar characteristics in the data storage method. For example, in the design of the database, they all choose to follow the CAP principles (Consistency, Availability and Partition tolerance) of Consistency and Availability and in the design of the data table schema, the entities meet the ACID principles (Atomicity, Consistency, Isolation and Partition tolerance). In addition, the referential integrity of relational databases is responsible for binding the relationships between different tables, and the manipulation of data in databases is highly non-procedural, i.e. the use of a specific language - SQL - can perform arbitrarily complex queries. SQL can perform arbitrarily complex queries. The user does not need to be concerned with the actual storage and access path of the data in the database, but only needs to know the high level logical concepts, the specific operational path is done by the underlying database management system (DBMS). In order to better understand the migration of table schemas and data in traditional relational databases we will then analyse the storage principles and access methods from the overall composition of a database.
Firstly, a traditional relational database is a collection of related table structures and objects. The concept of a relational data model is used to describe how data is organised in this collection. The relational data model is derived from the relational concept in set theory. A binary relationship in set theory is defined as follows.
Let A and B be any two sets and call the subset R of BxA a binary relation from to B A,B = A when R is said to be a binary relation on A. If <a, b>⊄R then a and b are said to have no relation R.
The concept of a table in a traditional relational database is similar to the concept of a set in set theory. A set is a representation of a number of things brought together with common properties, while a table is a collection of records of the same type in a database; the fields in a table are the properties of the elements in the set, corresponding to the properties of the entity; each record in a table is a tuple, and a tuple is a basic concept in a relational database. A database can include multiple tables, and each table can include multiple tuples, each tuple corresponds to a specific value of each field. In addition, the concept of intersection, concatenation, complement and other operations between sets is correspondingly expressed in a relational database as Intersect, Union and Except operations between multiple tables; the nature of relationships in sets such as transferability, transmission and other characteristics are also reflected in a relational database as the transferability of relationships between tables, etc.
Logically, traditional relational data uses an entity-relationship (E-R) data model to help design the organization of the database, where entities are a class of "events" or "objects" in the real world. In this set of properties (attributes) there are some properties (attributes) that can uniquely identify the entity as the primary key in the relational database model, entities and entities can be related to each other through some common attributes, these attributes are the foreign keys of the relational database, each attribute has a collection of its desirable values that is the domain or value set of the attribute; the set of entities with the same attributes that is, the two-dimensional table structure of the relational model. The two-dimensional table structure of a relational database is shown in Table 1 below.
[image: ]Table 1 Two-dimensional table structure model

	A relational database satisfies the transactional nature and is a unit of program execution consisting of a sequence of operations. These operations are executed as an indivisible unit of work. Transactional nature is characterised by Atomicity, Consistency, Isolation and Durability. These features ensure concurrency control for relational databases.
A relational database MySQL stores data according to relationships, which are essentially two-dimensional logical tables in which each row is a record, i.e. an entity, and each column (field) is the value of a characteristic of an entity, with rows used to distinguish or record a thing (entity) and columns used to describe specific characteristics of a thing.
In addition, the traditional relational database MySQL follows the same three relational paradigms of database design as other traditional relational databases in the design of its data tables.
The first paradigm is the minimum requirement for the specification of the relational schema, which is satisfied by the fact that all attributes of the relational schema R cannot be broken down into more basic units of data, ensuring the atomicity of each column in R.
The second paradigm, i.e. the relational schema R, is satisfied on the basis of the first paradigm, where all non-primary attributes in the relationship are uniquely determined by each candidate key attribute of R. The second paradigm ensures simple logic for table data while making data tables easier to maintain.
The third paradigm, i.e. the relational schema R satisfies the third paradigm on the basis that X is any subset of the set of attributes of R if X is all uniquely determined by any one of the candidate keywords of R.
Traditional relational databases are also designed with data dictionaries to hold the metadata of the database, i.e. the system catalogue. In this data are mainly stored the names of the relationships i.e. the table names, the names of the attributes of each table i.e. the column names, the definitions of the attributes, the data types and lengths, the names of the views on the relationships of each table and the definition and constraint information of the views. Take the outstanding open source implementation of the relational database MySQL database as an example, which by default creates a database called Information_Schema, in which the corresponding columns and tables in the database are recorded with information such as the Columns table and the Tables table respectively.

1.2 [bookmark: _Toc125066838]Advantages and disadvantages of relational databases
[bookmark: _Toc125066839]1.2.1 Advantages of relational databases
(1) A standardised schema. Although the SQL database's normalised schema is rigid and difficult to modify, it does have some advantages. All data added to the database must conform to a linked table schema consisting of rows and columns. Some people may find this limiting, but when data consistency, integrity, security and compliance are important, it can be useful. It is important, it can be helpful.
(2) Large user communities. In its almost 50 year history, the SQL programming language has become very mature and is still widely used. It has a strong community of countless experts willing to share tips and proven best practices. It can improve skills and collaboration. Even SQL vendors can provide additional support.
(3) No code required SQL is a user-friendly language. Databases can be managed and queried using simple keywords, with little or no coding required. Most developers have learnt SQL at university.
(4) Compliance. The highly structured nature of relational database tables allows SQL databases to comply with Atomicity, Consistency, Isolation and Persistence (ACID). This level of compliance keeps tables in sync and ensures that transactions are valid. This may be the right choice when you are running an application that has no room for error and requires the highest level of data integrity.

[bookmark: _Toc125066840]1.2.2 Disadvantages of relational databases
(1) Hardware. The standard for SQL databases is vertical scaling, where capacity can only be expanded by adding features such as RAM, CPUs and SSDs to existing servers or by migrating to larger, more expensive servers. As data grows, there is a constant need for more hard disk space and faster machines to run the evolving technology. Database vendors will require you to regularly upgrade your hardware to run their latest versions. In this environment, the hardware quickly becomes obsolete. Each upgrade is certainly faced with expensive and resource-intensive hardware equipment. It is a never-ending "hamster wheel".
(2) Data normalisation. Relational databases were developed at a time when data storage was costly in an attempt to negate data duplication. Each table had different information, and they could be joined and queried using common values. However, as SQL databases became larger, the lookups and joins required between large numbers of tables could slow things down.
(3) Rigidity The schema of a SQL database must be defined before it can be used. And modifications are often difficult and resource intensive. Therefore, a lot of time needs to be invested in upfront planning before the database is put into production. They are therefore only suitable if all your data is also structured and you do not expect too many changes in terms of volume or data types.
(4) Resource-intensive scaling. SQL databases usually scale vertically by scaling up the hardware investment. This is expensive and time consuming. This added complexity magnifies the time and resources spent. This work may include coding and requires highly skilled, highly paid developers. As the volume of data grows, scaling SQL databases is like playing a never-ending game of tag, where the perfect setup is always out of reach.


2 [bookmark: _Toc125066841]Basic theory of non-relational databases

[bookmark: _Toc125066842]2.1 Introduction to non-relational databases
NoSQL refers to non-relational databases and is a generic term for database management systems that differ from traditional relational databases, which use SQL syntax to store and query data. In contrast, NoSQL database systems contain a variety of database technologies that can store structured, semi-structured, unstructured and polymorphic data. Non-relational database databases break the constraints of traditional relational databases bound by the relational paradigm, storing data information from the various audio, video and image structures of life in an almost free pattern. In terms of storage structure, it also meets the requirements of quasi-structured and unstructured data operations in web applications and services in today's Internet era, unlike traditional relational databases that need to define table fields in advance to store each entity as a relationship according to a fixed structure, but store data in the form of key-value pairs and each tuple can have variable fields, and the values in each field can be defined by different types of data. The values in each field can be randomly inserted by different types of data; in terms of storage scale, non-relational databases use distributed storage and can achieve good horizontal scaling of storage by building distributed service clusters with a large amount of cheap hardware.
Following the BigTable proposed by Google, the development of non-relational database has been flourishing. In the design of databases, domestic and foreign research institutions and enterprises mostly develop for their own special needs, resulting in a wide variety of non-relational databases, without forming a unified standard like traditional relational databases. However, for the main storage needs of the current database, the existing non-relational database can be classified according to the structure of the stored data, mainly into document storage, columnar storage, key-value storage, object storage and graphical storage, etc.

[bookmark: _Toc124976217][bookmark: _Toc125066843]2.2 Non-relational database classification and application scenarios
	(1) Column-family stores
Column-based stores store all data in columns as a stream. For any record, an index can quickly fetch the data on the column; column stores support row retrieval, but this requires fetching matching column values from each column and reconstituting the rows. This approach makes the system more scalable and makes operations simpler and more convenient. Column-based storage is well adapted for large volumes of data, a feature that is compatible with the relevant requirements needed for cloud computing. Column-based databases currently in use include Apache HBase, Hypertable and Google BigTable.
(2) Key-value stores
It is a collection of key-values, like a Hash table in a data structure, each key corresponds to a value, and the type of data stored in the key-value is not restricted, it can be a string, or a number, or even a series of key-value pairs encapsulated into an object. By manipulating the primary key, the speed of querying and modifying can be greatly increased and large amounts of data can be stored more easily. In real life scenarios, key-value pairs are used for high access loads to large amounts of data or in logging systems. Databases that use key-value pairs to store data include MemcacheDB, BerkeleyDB, Redis, etc.
(3) Document stores
Document stores are based on key-value pair stores, where each Key corresponds to a Value, but they are more complex. It stores the structure of a particular document in a specific schema, allowing complex queries and calculations to be performed. It is used for storing large amounts of data in websites, caching and JSON (JavaScriptObjectNotations) data. Typical representatives are MongoDB, CouchDB, etc. This type of database can be used to query data quickly in a large amount of data.
(4) Graph database 
The problem that graph databases are designed to solve is related to graphs and graph theory. The aim of graph databases, such as Neo4j, is to provide users with a better way to manage data with a complex structure and a grid-like distribution. Of course, solutions based on graph model implementations are not only available with Neo4j graph databases, there are products with different levels of maturity, open or closed source, such as AllegroGraph, FlockDB, InﬁniteGraph and OrientDB. Graph databases are used in environments such as social networks and recommendation systems.


[bookmark: _Toc125066844]2.3 Advantages and disadvantages of non-relational databases
[bookmark: _Toc125066845]2.3.1 Advantages of non-relational databases
(1) Applicable to current big data processing application scenarios, when the volume of data, data storage format is more complex application scenarios non-relational database is very suitable, can be distinguished from traditional relational database by the aspect of storage diversity, its structured and simple, especially in large data volumes, with very high read and write performance.
(2) Specific good horizontal scalability, non-relational (NOSQL) database specific better horizontal scalability, different from the traditional relational database vertical expansion method, making the database for the data is not enough when the expansion capacity is more flexible.
(3) Higher processing performance, non-relational (NOSQL) databases can be read and written in a cached manner, which is faster to read, and NOSQL databases can obtain data by means of key-value pairs, which is more efficient than traditional relational databases using SQL queries directly; there is also a record-level Cache in NOSQL databases, and this fine-grained cache makes it have higher performance in caching. This fine-grained cache gives it high performance in caching. In practice, Redis and Memcache both use this type of storage.
(4) Data model design is more flexible. In traditional relational databases, we need to build tables and fields, and when they fail to meet the demand and are extended, the process is tedious and work-intensive, while NoSQL databases do not need to create the corresponding fields for the stored data in advance, and can customise the data format according to the form of storage.

[bookmark: _Toc125066846]2.3.2 Disadvantages of non-relational databases
	(1) There is no standardized language. There is no standard language for executing NoSQL queries. The syntax used to query data varies from one type of NoSQL database to another. Unlike SQL, which has only one easy-to-learn language to master, NoSQL has a steeper learning curve. Developers may find it difficult to quickly master working on a wide column database if all their previous experience includes building and managing graphical databases.
(2) Smaller user community. Developers have been using NoSQL databases for over a decade, and the community is growing rapidly. However, it is not as mature as the SQL community. As a result, solving undocumented problems can be more difficult. there are also fewer consultants and experts in No SQL.
(3) Complex queries are inefficient. Flexibility comes at a price. Querying is inefficient because of the multiple data structures present in No SQL databases. And there is no standard interface to execute complex queries. Even simple queries may require programming experience. This means more technicians and costly staff to provide technical services.
(4) Inconsistent data retrieval The distributed nature of NoSQL databases allows data to be available faster. However, it can also make it more difficult to ensure that data is always consistent. Queries may not always return updated data, and may receive inaccurate information. Using its distributed approach, the database can return different values at the same time, depending on the server that happens to be queried.

[bookmark: _Toc125066847]2.4 Several common types of NoSQL
	(1) MongoDB database
MongoDB is written in C++ language and supports distributed storage of document-based database, which is the basic unit of storing data information in documents. MongoDB database, so that the data structure is clearer and more rational.
(2) redis database
The redis database is a memory-based key-value NoSQL database, which is a non-relational database that stores data in the form of key-value. key is used as a unique identifier for database queries, and value is the collection of data corresponding to key. Both key and value can be anything from simple objects to complex composite objects, and is often referred to as a data structure server because it can store a variety of data types, such as string, hash, list, set and sorted set.
(3) hbase database
Hbase is a distributed column database based on hadoop's HDFS file system, it has a column-oriented, high-performance, scalable, highly reliable non-relational database, currently using open source to provide services, it can store unstructured loose data, this type of database is very flexible for column storage, only need to add data in a specific row, each row of data does not need to be consistent Each row does not need to be consistent.
(4) Neo4j database
Neo4j is a non-relational database - a graphical database. Graphical databases use graphs to represent mapping relationships between entities, each entity is stored in the nodes of the database, and relationships are stored in edges in the form of directed graphs, usually entities and other relationships are stored in the network data structure of the database. In this way, it is possible to efficiently find out the connections between multiple nodes, starting from a certain node and going through the node-to-node relationships.
(5) Elasticsearch database
ElasticSearch is a JAVA-based search server using a RESTful interface, which is based on Lucene's inverted index and supports a distributed search engine platform. It has the advantages of high stability, high feasibility, high performance, easy and fast retrieval, etc., and provides search engine services for the Internet cloud platform.






















3 [bookmark: _Toc125066848]Creation of the database
In order for Abertawe Entertainment to choose a more appropriate way of storing data, the following tests will be carried out using a relational database and a non-relational database, MongoDB.
The following is a table design for the Abertawe Entertainment database, which has three main components user, assert, transation. user is used to store user information, assert is used to store digital assets owned by a user and transaction is used to store transaction records. The tables are as follows.
Table 2  user table
	Column
	Attribute Domain Requirements

	user_id
	INT PRIMARY KEY NOT NULL auto_increment

	name
	Varchar(50), NOT NULL UNIQUE

	address
	Varchar(200)

	gender
	CHAR(6), NOT NULL

	telephone
	CHAR(11)

	date_joined
	DATE, NOT NULL

	total_cost
	INT DEFAULT 0

	remarks
	VARCHAR(200)



Table 3  assert table
	Column
	Attribute Domain Requirements

	asset_id
	INT PRIMARY KEY NOT NULL auto_increment

	title
	Varchar(50), NOT NULL UNIQUE

	author
	Varchar(50), NOT NULL

	publisher
	Varchar(100), NOT NULL

	release_date
	DATE, NOT NULL

	price
	FLOAT, NOT NULL

	stock_amount
	INT DEFAULT 0 CHECK(stock_amount >= 0)

	bolb
	VARCHAR(200)




Table 4 transation table
	Column
	Attribute Domain Requirements

	transaction_id
	INT PRIMARY KEY NOT NULL auto_increment

	t_date
	DAT

	user_id
	INT NOT NULL REFERENCES user(user_id)

	asset_id
	INT NOT NULL REFERENCES asset(asset_id),

	asset_num
	INT, NOT NULL

	discont
	FLOAT CHECK(discont <= 1.0)



3.1 [bookmark: _Toc125066849]Creating a database with Mysql
To improve the efficiency and performance of the database, indexes, transactions, triggers etc. were used in the creation of the Abertawe Entertainment database.
3.1.1 [bookmark: _Toc124976222][bookmark: _Toc125066850]index
An index is a structure for organising data on disk. The most important purpose of an index is to improve the efficiency of data retrieval. When an index is added to a database, a data query should first be made to the index to get the location of the specific storage unit where the result is located. This information is then used to access the disk and retrieve that storage unit. Finally the specific query result is obtained in the storage unit. In the daily operation of a database system, data query is one of the most common operations. The efficiency of data queries directly affects the performance of the database. Choosing an efficient indexing mechanism can greatly improve the query speed of data, allowing users to have a good query experience. Conversely, it can lead to a significant reduction in query efficiency, making the user experience a poor one. Therefore, choosing a good indexing mechanism plays a key role in improving the overall performance of the database.
B-Tree indexes are mainly used for equals and range queries, especially when the index column contains the operators "<, >, =, <=, >=" as query conditions. B-Tree indexes are always considered. By analysing the requirements of Abertawe Entertainment, it can be seen that the data structure used in the creation of the index is a B-Tree. The diagram below shows some of the indexes for this database.
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3.1.2 [bookmark: _Toc124976223][bookmark: _Toc125066851]Transactions
A transaction in a database is a collection of T-SQL statements that must be executed as a whole, either each statement is executed successfully or one statement is unexpectedly not executed, then all operations are restored and the database reverts to the state it was in before the statement was executed. The transaction, as a single logical unit of work, has four characteristics.
Atomicity: A transaction is a complete operation. The steps of a transaction are indivisible (atomic); either they are all executed or they are not.
Consistency: the data must be in a consistent state when the transaction completes or fails.
Isolation: the transactional operations performed on the data are isolated from each other, which indicates that the transaction must be independent and that it should not depend on or affect other transactions in any way.
Permanence (Durability): after a transaction completes, its modifications to the database are maintained permanently, and the transaction log is able to keep the transaction permanent.
Transactions in sql server databases are divided into three categories: explicit transactions, implicit transactions and auto-commit transactions.
Explicit transactions: specify the start of a transaction with a begin tran and end with a commit tran or rollback tran statement. This is the most common type of transaction.
Implicit transaction: Set the implicit transaction mode to on by setting the set implicit transactions on statement, and the next statement automatically starts a new transaction. When that transaction completes, then the next T-SQL statement will start a new transaction again.
Auto-commit transaction: This is the default mode of SQL Server, which treats each individual T-SQL statement as a transaction that is automatically committed if it executes successfully, or rolled back if there is an error.

3.2 [bookmark: _Toc125066852]Creating a database with MongoDB
MongoDB is a database based on distributed file storage open source project . Written by the C language , with high performance , easy to deploy , easy to use , easy to store and other features , with a collection-oriented storage , schema freedom and other characteristics . Designed to provide WEB applications to protect the development of high-performance data storage solutions .
The main features are collection-oriented storage, easy storage of object type data, schema freedom, dynamic query support, full index support, internal object inclusion, query support, replication and fault recovery support, efficient binary data storage including large objects (e.g. video etc.), automatic fragmentation to support scalability at the cloud computing level, support for RUBY, PYTHON, JAVA , C++, PHP and many more, with file storage in BSON (a JSON extension) format, accessible via the web.
The collection-oriented storage is the grouping of data into data sets, which are called collections. Each collection is uniquely identified in the database and can contain an unlimited number of documents. It is similar to a table in a relational database, except that it does not require any schema to be defined. Schema freedom means that the documents in the database can be defined in different formats or structures, entirely at the developer's choice. mongoDB is very easy to use, it does not require installation and can be started directly from the command line. It can also be installed as a system service and started with the computer by means of a command parameter configuration.

[bookmark: _Toc124976225][bookmark: _Toc125066853]3.3  Analysis of database selection
Analysis of Abertawe Entertainment's requirements showed that the company's database may involve high transactional and complex transactional queries, but the business is not complex, is relatively small and does not need to handle high concurrency, so choosing a relational database is a better choice
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CREATE INDEX ind_userassetid ON user_assets(user_id);
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/* Add indexes to improve performance */
CREATE INDEX ind_userid ON user(user_id);




