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Abstract
The main tasks of this report are: After analyzing the needs of the new Art Center, the database design plan was proposed by creating a database architecture prototype and showing it to the company, and use SQL statements to create a database, enabling AbertaweAC.co.uk to manage venue reservations for production companies and customers who wish to participate in events. This report also introduces SQL database and NoSQL database, and compares SQL database with NoSQL database. It also explains the functions of database index and database index, describes database transactions, and introduces the basic concepts of distributed database architecture.
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1. [bookmark: _Toc61013515][bookmark: _Toc61647901]SQL vs. NoSQL
Concept
	SQL (Structured Query Language) database refers to relational database. Some examples of SQL databases include PostgreSQL, MySQL, Oracle, and Microsoft SQL Server.
    NoSQL (Not Only SQL) generally refers to non-relational databases. Examples of NoSQL databases include Redis, RavenDB Cassandra, MongoDB, BigTable, HBase, Neo4j and CouchDB	
	
Main difference

· Type
	SQL databases are mainly called relational databases (RDBMS); NoSQL databases are mainly called non-relational databases or distributed databases.

· Language
SQL database defines and operates data-based structured query language SQL, which is very powerful. SQL is one of the most versatile and widely used options, which makes it a safe choice, especially for complex large queries. But on the other hand, this may be restrictive. SQL requires you to use a predefined schema to determine the structure of the data before using it. Likewise, all your data must follow the same structure. This may require a lot of preliminary preparation, which means structural changes are difficult and destroy the entire system.
NoSQL databases have a dynamic architecture for unstructured data. Data is stored in a variety of ways, which means it can be document-oriented, column-oriented, graph-based or organized as KeyValue storage. This flexibility means that documents can be created without first defining the structure. Each document can also have its own unique structure. The syntax varies from database to database, and fields can be added at any time.


· Scalability
In almost all cases, SQL databases are vertically scalable. This means that you can increase the load on a single server by adding things like RAM, CPU, or SSD. But on the other hand, NoSQL databases are horizontally scalable. This means you can handle more traffic by sharding or adding more servers to the NoSQL database. This is similar to adding more floors to the same building instead of adding more buildings to the neighborhood. Therefore, NoSQL will eventually become larger and more powerful, making these databases the first choice for large or constantly changing data sets.

· Structure
SQL databases are based on tables, while NoSQL databases are key-value pairs, document-based graph databases or wide column storage. For applications that require multi-line transactions (such as accounting systems) or older systems built for relational structures, this makes relational SQL databases a better choice.

· Follow attribute
SQL databases follow ACID properties (atomicity, consistency, isolation, and durability), while NoSQL databases follow the Brewers CAP theorem (consistency, availability, and partition tolerance).

· Support
All SQL databases provided by the manufacturer provides strong support. In addition, there are many independent consultants who can help with large-scale deployment of SQL databases, but for some NoSQL databases, you still have to rely on community support, and only a limited number of external experts can be used to set up and deploy large-scale NoSQL.

· Precise or variable
SQL is precise and it is best suited for well-defined projects with precise standards. Typical usage scenarios are online stores and banking systems.
NoSQL is changeable, and it is most suitable for data with uncertain requirements. Typical usage scenarios are social networks, customer management and network analysis systems.
The main highlights of SQL vs NoSQL are shown in the table below:

The main highlights of SQL vs NoSQL

	SQL
	NoSQL

	Relational Database Management System (RDBMS)
	Non-relational or distributed database system.

	These databases have a fixed or static or predefined architecture
	They have a dynamic architecture

	These databases are not suitable for hierarchical data storage.
	These databases are best suited for hierarchical data storage.

	These databases are best for complex queries
	These databases are not suitable for complex queries

	Vertically scalable
	Horizontally scalable

	Use tables to store related data
	Use Jason formatted documents to store key values

	Before using the table, define the schema of the table
	No specific pattern is required to store data

	Encourage the use of normalization to reduce data redundancy
	Use non-standardized standards to store information to ensure that a document contains all the information of an item

	Support the use of JOIN operations, use one SQL statement to retrieve related data from multiple tables
	No need to use JOIN operation

	Need to meet data integrity constraints
	Allow data to be stored in any location without verification

	Use powerful SQL language for query operations
	Query using Jason data objects






· Supplement
At present, many large-scale Internet projects will use the combination of SQL (or any relational database) + NoSQL.

[bookmark: _GoBack]Relational databases are suitable for storing structured data, such as user accounts and addresses:
1) These data usually need to be structured query, such as join, at this time, the relational database will win
2) The scale and growth rate of these data are usually predictable
3) Ensure the transactional and consistency requirements of the data.

NoSQL is suitable for storing unstructured data, such as articles and comments:
1) These data are usually used for fuzzy processing, such as full-text search, machine learning
2) These data are massive, and the growth rate is unpredictable,
3) According to the characteristics of the data, NoSQL databases usually have unlimited (at least close to) scalability
4) The efficiency of obtaining data by key is very high, but the support for join or other structured queries is relatively poor

Based on their different scope of application, the current mainstream architecture will only adopt a combination scheme, and one cannot be less. So far, there has not been a database that can take all scenarios, and according to the CAP theory, such a database does not exist.

2. [bookmark: _Ref19457317][bookmark: _Toc61013516][bookmark: _Toc61647902]Performance Tuning
Database performance optimization is a work that program developers attach great importance to. However, due to the many influencing factors of optimization work, it also brings certain difficulties to database performance optimization. Especially in the development of the information age, the requirements for the database are getting higher and higher. Only on the basis of clarifying the principle of database performance optimization, the staff can take targeted solutions to deal with the interference of various external factors and make real improvements. Database performance. The application of SQL Server database can effectively improve the speed of data request and return, and effectively deal with the processing of complex tasks, which is the key to improving work efficiency. In order to ensure the efficient operation of the database system and improve the stability of the operation process, the SQL database needs to be further optimized to promote the effective use of its functional value.
As the most basic application function of the entire SQL database, the index module is also the most critical component of the entire SQL database. Therefore, to optimize the design of SQL databases, corresponding improvements should be made to the index design to ensure that the applicability of SQL databases can be fully demonstrated. When users perform operations in some databases that have not created a sound and effective indexing service, they generally search the data in the database as a whole. However, this overall search method is to integrate, process and analyze all the relevant data in the database, and then obtain the completed information. However, this kind of data search method has obvious defects. This kind of search method is not suitable for some operations with a wide range of queries, and the data query method is also very resource-intensive, so it must be optimized for the indexing function of the SQL database.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK15][bookmark: OLE_LINK18]	A database index allows a query to efficiently retrieve data from a database. field create an index on the Company_Name column This means that when we search for employees named “AA” using the SQL we showed earlier, then the entire T_Companty_Order table does not have to be searched to find Company_Name named “AA”. Instead, the database will use the index to find Company_Name named AA, because the index will presumably be sorted alphabetically by the Company_Name. And, because it is sorted, it means searching for a name is a lot faster because all names starting with a “A” will be right next to each other in the index! It’s also important to note that the index also stores pointers to the table row so that other column values can be retrieved. A very appropriate analogy is to think of an index in a database as an index in a book. For example, if you have an encyclopedia about dogs and you are looking for the part about " Siberian Husky Dog", then you can choose to go through the entire book (equivalent to a full table scan in database terms), or just open the book, and find the index page of the book on the back, it will tell you exactly in which page the Siberian Husky Dog is, and then you can quickly find detailed information about the Siberian Husky Dog. The book index contains the page number, and the same database index contains a pointer to the row that contains the value you want to search in SQL.
3. [bookmark: _Toc61013517][bookmark: _Toc61647903][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Transaction
	Transaction processing is the process of completing a task and/or user/program request either instantly or at runtime. It is the collection of different interrelated tasks and processes that must work in sync to finish an overall business process transaction. All types of database access operation which are held between the beginning and end transaction statements are considered as a single logical transaction in DBMS. During the transaction the database is inconsistent. Only once the database is committed the state is changed from one consistent state to another. The use of a transaction can address the problem that If the details of the specific date(s) requested by the production companies are not registered in the system venue cannot book and Customers cannot to book tickets items that are not registered. 
4. [bookmark: _Toc61013518][bookmark: _Toc61647904]Distributed Database Solution
Distributed databases are composed of many independent computers and several databases. Each database is a complete system capable of processing data, and their monetization methods are independent and free from interference. Distributed database is equivalent to exist on each computer node, and when used again, there is a separate database system. When users need data, the distributed database that exists in each sub-database will unite them all and make unified deployment. , So as to enable the high-speed transmission of data. Distributed database is a database built on each computer node and network. However, because the data is stored in different locations, a complete data may exist in different sub-databases. , And integrate a complete data when needed. But these different sites do not affect each other, and the speed of reading data is faster, so this is also one of the reasons for the rapid development of distributed databases.
It is difficult for a single machine to deal with massive amounts of data or high concurrent queries. It is necessary to split the data into multiple nodes, and store and process them on multiple nodes. This technique is called data partitioning, also known as data fragmentation. The main purpose of data partitioning is to improve scalability and spread data across multiple partitions. If a query is performed on a single partition, each node will only perform independent queries on its own partition.
	Horizontal Fragmentation
	Horizontal fragments are a subset of tuples (rows). In database horizontal fragmentation, a relationship (table) is horizontally divided into multiple sub-tables/subsets by using simple conditions. The horizontal fragment using the above minimum term predicate set can be generated as follows:
Fragment 1: 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'big' AND Order_Time >= '2020-01-05';

Fragment 2:
 SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'big' AND Order_Time < '2020-01-05';

Fragment 3:
 SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'small' AND Order_Time >= '2020-01-05';

Fragment 4: 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'small' AND Order_Time < '2020-01-05';
	Completeness: The tuple of the table T_Companty_Order is distributed into different fragments. No records were omitted. Otherwise, by performing the union operation between all the T_Companty_Order table fragments, we will be able to get T_Companty_Order back without any information loss. Hence, the above fragmentation is Complete.
	Reconstruction: As mentioned earlier, by performing the Union operation between all fragments, we will be able to get the original table. Therefore, the fragments are correct and satisfy the reconstruction characteristics.
	Disjointness: When we perform the "intersect" operation between all the above fragments, since there is no common record for all fragments, we will get an empty set as the result. Therefore, disjointness is satisfied.
	Vertical fragmentation
	In vertical fragmentation, the fields or columns of a table are grouped into fragments.
	In order to maintain re-constructiveness, each fragment should contain the primary key field(s) of the table. Vertical fragmentation can be used to enforce privacy of data. In this case, the designer will fragment the database as follows:
Fragment 1:
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Company_Order_No|Company_Name|Order_Time|Cost
Fragment 2:
Company_Order_No|Theatre_No|Theatre_Type

Fragment 3:
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Company_Order_No|Ticket_No
	Mixed fragmentation can be achieved by performing horizontal and vertical partitioning together. Mixed fragments are groups of related rows and columns. In mixed fragmentation, a combination of horizontal and vertical fragmentation technology is used. This is the most flexible fragmentation technique because it generates fragments with minimal external information. There are two alternative methods to complete the mixed fragment processing: the first method is to first generate a set of horizontal fragments; then, generate a set of horizontal fragments. Finally, a vertical fragment is generated from one or more horizontal fragments. Another way is to first generate a set of vertical fragments; then generate horizontal fragments from one or more vertical fragments.
Fragment 1:
vertical fragments: Company_Order_No|Company_Name|Order_Time|Cost
horizontal fragments:
SELECT * FROM T_Companty_Order where Company_Order_No<'5'
SELECT * FROM T_Companty_Order where Company_Order_No>=5
Fragment 2:
vertical fragments: Company_Order_No|Theatre_No|Theatre_Type
horizontal fragments:
SELECT * FROM T_Companty_Order where Company_Order_No<'5'
SELECT * FROM T_Companty_Order where Company_Order_No>=5
Fragment 3:
vertical fragments: Company_Order_No|Ticket_No
horizontal fragments: 
SELECT * FROM T_Companty_Order where Company_Order_No<'5'
SELECT * FROM T_Companty_Order where Company_Order_No>=5
Reconstruction ：
1.Reconstruction of horizontal fragmentation can be performed using UNION operation on fragments.
SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'big' AND Order_Time >= '2020-01-05'
union SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'big' AND Order_Time >= '2020-01-05'
union SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'small' AND Order_Time >= '2020-01-05'
union SELECT * FROM T_Companty_Order WHERE Theatre_Type = 'small' AND Order_Time < '2020-01-05'
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]2. Reconstruction of vertical fragmentation is performed by using Full Outer Join operation on fragments.
SELECT 
a.Company_Order_No
,a.Company_Name
,a.Order_Time
,a.Cost
,b.Theatre_No
,b.Theatre_Type
,c.Ticket_No
FROM T_Companty_Order a full outer join 
T_Companty_Order b 
on a.Company_Order_No=b.Company_Order_No
full outer join  T_Companty_Order c on a.Company_Order_No=c.Company_Order_No
3.The original relation in hybrid fragmentation is reconstructed by performing UNION and FULL OUTER JOIN.
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