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[bookmark: _Toc124979241]Abstract
First, the basic concepts of relational database and NoSQL are briefly described. Then triggered from the four storage modes of NoSQL, compared the characteristics of NoSQL under the four types, and compared with the corresponding content in RDBMS, analyzed the advantages and disadvantages of NoSQL and RDBMS. At the same time, a case study is used to analyze when RDBMS or NoSQL should be used. Finally, the corresponding databases are built using MySQL and MongoDB, respectively. After analysis, it is concluded that AE database is more suitable for RDBMS. 
Keywords: RDBMS;  NoSQL;  AE database


[bookmark: _Toc124976209][bookmark: _Toc124979242]1 SQL and NoSQL
1.1 [bookmark: _Toc124976210][bookmark: _Toc124979243]Definition of a relational database
Relational (SQL) databases, which are based on relational data models, are databases that process data with the help of mathematical concepts and methods such as set algebra. It stores data as rows and columns in tables. In relational databases, entity and entity-to-entity relationships are represented by a single structure type, which is a two-dimensional table with multiple tables forming a relational database. Users use SQL to add, delete, change, and check data in the database.

1.2 [bookmark: _Toc124976211][bookmark: _Toc124979244]NoSQL scenarios
The problem NoSQL is facing is characterized by the following:
(1) The traditional large relational database can not solve the problem well.
(2) Application on the Internet.
(3) Mass data storage and usage is a problem.
(4) Mass data (large data).
In fact, this scene implies the following two major technological development ideas.
(1) The application of distributed technology, since a single machine can not meet the requirements of large data processing, it uses many computers to process at the same time, which is the basic research and development idea of large data technology, and also the core technology idea of NoSQL technology.
(2) The Base database technology, which was born with Hadoop technology, is one of the early classic database products of NoSQL. Their success has promoted the rapid development of NoSQL technology.
From these two scenarios, we should be able to understand why NoSQL was created.
(1) Solve data storage and access problems that traditional relational databases cannot solve.
(2) To solve the problem of large data application.
(3) To solve the application problems on the Internet.
Further, NoSQL technology mainly solves the large data application problem mainly based on Internet business applications, with emphasis on the response of processing speed and the storage of large data. Thus, NoSQL achieves the idea of "every effort, every minute and every second" in speed response technology. The simplification of data storage structure, data well processing, memory data processing and even the implementation of data processing code all reflect this idea. In storage, we have to face the problem of large data, so distributed storage and application become the best choice. 

1.3 [bookmark: _Toc124976212][bookmark: _Toc124979245]Definition of NoSQL
Defining NoSQL accurately is inherently challenging. The term NoSQL remains to be debated because it does not really reveal the core theme of the NoSQL movement.
Broadly speaking, we can define NoSQL as a set of concepts about processing data quickly and efficiently, focusing on performance, reliability, and agility.
NoSQL is more than just a table in its ordinary sense - NoSQL systems can store and retrieve data from many formats: key-value storage, graph databases, column family storage, document storage, and even ordinary tables.
NoSQL avoids connection operations - NoSQL doesn't need connection operations to extract the data it needs, and it's well known that connection operations can easily result in waste of resources.
NoSQL is schema independent -- the NoSQL system allows data to be dragged to a folder and queried without creating an object-relational model.
NoSQL works on multicore processors - NoSQL systems allow databases to be deployed on top of multicore processors to maintain good performance.
NoSQL runs on unshared commercial computers - most (but not all) of the NoSQL systems are built with inexpensive commercial processors, separate hard drives, and memory.
NoSQL supports linear scaling - when you add more processors, your unit performance increments are always consistent.
NoSQL is innovative - NoSQL offers more options for storing, retrieving, and manipulating data.

1.4 [bookmark: _Toc124976213][bookmark: _Toc124979246]Comparison of NoSQsL data storage types and their corresponding products
	type
	Typical application
	Case

	Key-value pairs – A simple form of data storage where values can be accessed through keys
	Image storage
	Berkeley DB

	
	Key-based file system
	Memcache

	
	Object caching
	Repeat

	
	Designed as a scalable system
	Ripples

	Column family – in the form of a sparse matrix, which can use rows and columns as keys
	The result of a web crawler
	Apache HBase

	
	The problem with big data
	Apache Cassandra

	
	Soft consistency
	Hypertable

	Graph storage – for problems that require high correlation
	Social networks
	Neo4j

	
	Fraud detection
	AllegroGraph

	
	Strongly correlated data
	Bigdata (RDF data store)

	Document storage – Storing hierarchical data structures directly into the database
	Highly variable data
	MongoDB

	
	Document search
	CouchDB

	
	Integration Center
	Couchbase

	
	Internet Content Management
	MarkLogic

	
	publication
	eXist-db


[bookmark: _Toc124976214]
The application differences between RDBMS and NoSQL are as follows:
Because relational databases were invented long ago and are mature at the application and deployment level, database vendors often add functionality to the database layer and ship it with their own software, rather than reusing components that have already been developed or delivered. Designers of NoSQL systems know that their software must work with other applications in complex environments, and that reuse and seamless interfaces are necessary, so they tend to build small, independent features. 

1.5 [bookmark: _Toc124979247]The four storage methods of NoSQL are different from RDBMS
1.5.1 [bookmark: _Toc124979248]Key-value store
NoSQL has a very precise service level for key value storage, which is its advantage. At the same time, RDBMS low portability systems have many complex interfaces between databases and applications. Porting applications between two databases is usually a complex process and requires a lot of testing effort. Conversely, NoSQL's highly portable applications use only a few standardized interfaces and require only a few tests to be quickly ported to a new database.
However, RDBMS improves data quality by validating data validity before the database loads data with predefined data types and constraints. 
[bookmark: _Toc124979249]1.5.2 Graph storage
Graphs store internal identifiers given to nodes and use them to connect networks together. Unlike RDBMS, however, connection operations for graph storage are lightweight and fast. This speed is due to the fact that each node is naturally small and graph data can be stored in RAM, which means that once a graph is loaded into memory, there is no need for disk input and output operations to obtain data.
[bookmark: _Toc124979250]1.5.3 Bigtable storage
Each data item in the column family of NoSQL is only found with known row and column identifier information. Also, like spreadsheets, you can insert data into any cell at any time. Unlike RDBMS, it is not necessary to insert data for all columns for each row. 
[bookmark: _Toc124979251]1.5.4 Document Storage
In a relational world, if your RDBMS does not contain other tables, you will lose some functionality and flexibility by using document storage, which allows collections to contain collections, but guarantees stability and security. The opposite is true for NoSQL. 


2 [bookmark: _Toc124976215][bookmark: _Toc124979252]When to use NoSQL
There are a large number of NOSQL database products, each of which has its own characteristics, such as databases that are good at storing large unstructured data, such as Hbase: databases that are good at handling document structure, such as MongoDB; Has expertise in memory processing, fast response databases such as Redis. Of course, you also need to know the characteristics of traditional relational database CTRDB. Knowing NoSQL alone is not enough, because the biggest problem with NoSQL is not good at handling relational data, and consistency also has problems, where TRDB can be MySQL, Oracle, SQLServer, and so on. 

[bookmark: _Toc124976216][bookmark: _Toc124979253]2.1 Recommendations for the main differences between TRDB and NoSQL selection
(1) TRDB is better at dealing with relational structure data, such as information concerning funds, the number of important commodities, and multi-table Association operations (such as transaction operations), and more relational databases such as MySQL, SQLServer, Oracle.
(2) NoSQL is better at fast reading and writing of relatively insignificant non-structured data, storage and calculation of large amounts of data, such as storage and positioning of advertising data, display of basic commodity information and high concurrent access, recording and statistical analysis of website visits, storage and analysis of unstructured data such as web pages, videos, voice, maps, etc.
(3) NoSQL products have inconsistencies and some data loss possibilities, which are determined by their distributed technical features and storage strategies, in which TRDB database products are much more reliable. 

[bookmark: _Toc124976217][bookmark: _Toc124979254]2.2 Simple example of choosing TRDB and NoSQL
The background of the case is as follows:
EB20 is a well-known comprehensive commodity wholesaler, mainly engaged in fruit, tobacco and alcohol products. In recent years, he has found that e-commerce platform has a great impact on his offline business. At the same time, inspired by e-commerce platforms such as Alibaba and Amazon, he decided to raise funds to establish his own e-commerce platform.
The e-commerce platform is mainly used to store customer information, goods information, after-sales service and other functions. The e-commerce platform has a high number of visits and parallel visits, and is currently estimated to have 10000 daily visits. Considering that the online speed experience of e-commerce platform is very critical, and the platform has added online comment function. In comprehensive consideration, MySQL+MongoDB deployment scheme can be used. 

[bookmark: _Toc124976218][bookmark: _Toc124979255]2.2.1 Deployment of MySQL (TRDB).
MySQL database is mainly used to process daily core business data, mainly transaction record data with transaction amount and quantity. Loss is not allowed for this type of data. The order-to-statement conversion process requires multi-table transactions and various statistical analyses of sales. Generally, the preferred database is the traditional relational database. This uses a distributed deployment of MySQL master-slave with one master-slave. When the master node fails, it can ensure that the slave node replaces the master node in time and continues to serve the business system. In addition, the use of MySQL slave nodes for directional data statistical analysis of business systems is also considered, which can reasonably reduce the running pressure of MySQL primary nodes.

[bookmark: _Toc124976219][bookmark: _Toc124979256]2.2.2 Deployment of MongoDB (NoSQL).
MongoDB database, mainly used to process customer online evaluation data, customer visits and statistics, system operation log, etc. This type of data is relatively insignificant and allows data loss in extreme cases, such as sudden power outages on the MongoDB master server, which will result in loss of written data in the last few minutes (depending on the time period during which the system profile data is refreshed to disk). Assuming such a problem occurs once a year, it is still allowed to lose several evaluation records at a time. MongoDB also uses master-slave replication as a backup, which can be replaced by a slave once the master node fails.


3 [bookmark: _Hlk124975074][bookmark: _Toc124976220][bookmark: _Toc124979257]Design and deployment of the Abertawe Entertainment database
[image: ] This section uses relational databases (MySQL) and NoSQL (MongoDB) to test. As shown in Figure 1 below, the database entity relationship diagram. 
Figure 2 AE database entity-relationship diagram
As can be seen from the entity-relationship diagram, the theme of the entire database is mainly composed of three parts: u ser, asset, transations, and in order to save each user's personal assets, the table user_assets is added to store each user's personal assets; At the same time, both user and asset have an audit table that records changes so that they can be submitted to administrators for review. 

3.1 [bookmark: _Toc124976221][bookmark: _Toc124979258]Use MySQL to implement the Abertawe Entertainment database
The overall design of Abertawe Entertainment database using MySQL is shown in Figure 2. In order to improve the overall retrieval rate and search performance of the database, functions such as indexes, transactions, triggers and functions are used. This helps AE databases perform well.
 
3.1.1 [bookmark: _Toc124976222][bookmark: _Toc124979259]index
The use of indexes can significantly improve the query efficiency of the database. For AE database, on the one hand, it can significantly improve the efficiency of staff, on the other hand, it can optimize the user experience. The selection of index is also very important, so selecting an appropriate index can fully improve the efficiency of the data.
For index selection, you should use fields with high dispersion because the data structure MySQL uses when creating a public index is a B-tree, so using fields with high dispersion is beneficial for query and search. Therefore, "user_id" is used as an index in the table "user" and the index automatically grows as the primary key to ensure uniqueness. By default, the index name is the only index field name.
At the same time, you should choose fields with small and fixed storage space. For example, "user_id" is an INT type, and comparing the name as VARCHAR (50) with "user_id" makes it clear that "user_id" is more appropriate; Also, if a field is updated frequently, it is not suitable for indexing. 

3.1.2 [bookmark: _Toc124976223][bookmark: _Toc124979260]Constraints and transactions
Both constraints and transaction-related concepts have been explained in Assignment 1 and are not covered here.
Transaction plays an important role in maintaining the atomicity and consistency of data. We can combine Transaction with advanced languages to detect errors and then execute COMMIT or ROLLBACK. Transaction can be simply understood as applying a set of operations, whether large or small, to a Transaction. If the set of operations can be executed smoothly from beginning to end, then the transaction is acknowledged (using COMMIT Transaction), which means there are no errors in the execution; Conversely, if errors occur during execution, the previous operations must be ROLLBACK, otherwise the data will be confused.
Here TRANSACTION is used in collaboration with FOREIGN KEY and CHECK to measure each other. If the modified data does not meet the constraints, MySQL will report errors, which will result in the ROLLLBACK of TRANSACTION, which will ensure the security of the data. TRANSACTION will execute COMMIT if the modified data meets the constraints. 

3.2 [bookmark: _Toc124976224][bookmark: _Toc124979261]Use MongoDB
MongoDB has built-in automatic partitioning, replication, load balancing, file storage, and data aggregation. Most object-relational system-related performance problems can be avoided by using a document storage structure. In short, it is tailored to meet the growing advertising service business, and in the process, it has proven to be a good choice for other scenarios where there is no real-time demand but complex and slow traditional system object-relationship mapping problems are avoided.
The reality, however, is that the service industry for Abertawe Entertainment database is not growing fast, and AEDB does not need to face large-scale and highly concurrent data in most cases.

[bookmark: _Toc124976225][bookmark: _Toc124979262]3.3  It is more appropriate to choose RDBMS
First of all, AE database doesn't have too many and complex relationship mappings. We use six tables to support all of AE database's businesses. We also developed with MySQL and used SQL files, and most of the SQL code can be ported to other SQL databases, including some open source products. At the same time, fine-grained row and column-based security using views prevents unauthorized users from viewing and modifying. It is clear that the advantages of RDBMS are obvious.
Because the business of AE database is not complex and in most cases, you don't have to face high concurrency, so you don't have to worry about database performance. At the same time, AE databases do not need to be fragmented to distribute data to multiple servers because of their small size.
In summary, it is concluded that using relational databases is a better option. 
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