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The main content of this report is about the database design for The Abertawe Arts Centre. There are 4 parts in total. First, a brief introduction and comparison of SQL database and NoSQL database were made, and a suitable SQL database was selected as the database for The Abertawe Arts Centre, and then the query performance of the database was optimized for the needs of The Abertawe Arts Centre. Next, the problems found in the theater were solved. Finally, a distributed database design was carried out according to the needs.
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SQL (Structured Query Language) was proposed by Boyce and Chamberlin in 1974. It was originally called Sequel and was implemented on the prototype System R of a relational database management system developed by IBM[1].

The following is the progress of the SQL standard.
[image: ]
From the table above, it can be seen that the content of the standard is more and more complex. However, not all concepts and characteristics in the standard database system need to be supported, and the database system can expand and modify SQL[2].

SQL is a comprehensive, powerful, concise and easy-to-learn relational database standard language. Therefore, it is well received by users and the computer industry, and is also adopted by many database vendors. SQL includes data query, data manipulation, data definition and data control functions. It is a powerful standard language for relational databases.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Because the relationship between entities and entities in the relational model is represented by a relationship, this data structure is very simple, so SQL operations on data are unified, and each operation requires only one operator. At the same time, the two-dimensional table structure in the relational model is very close to the logical world, and is easier to understand than other models.

Although SQL is powerful, it has a very clever design and simple language. The core function uses only 9 verbs, as shown in the following table.
	Function
	Verb

	Query
	Select

	Definition
	Create, drop, alter

	Manipulation
	Insert, update, delete

	Control
	Grant, Revoke



It can be seen that SQL makes it very convenient to operate relational databases. You only need to use SQL to operate the database at the logical level. At the same time, SQL is also easy to maintain. Rich integrity, such as entity integrity, referential integrity, and user-defined integrity greatly reduce the probability of data redundancy and data inconsistency.

However, nowadays, users generate massive amounts of dynamic information every day. For relational databases, performing SQL queries in a table with hundreds of millions of records is a bit inefficient. Therefore, when the amount of data is very large, information query becomes a major challenge[3].

[bookmark: _Toc61661545]NoSQL
NoSQL database is a broad definition of non-relational data storage. Its data storage does not require a fixed table structure, and there is usually no connection operation. It does not use the SQL relational database model, but uses multiple forms of storage, such as key-value storage, document type, column storage, graph database, xml and other ways to store data models. But key-value storage is the most used.

The purpose of NoSQL is to make data storage and recovery easier compared to relational databases, because it does not care about the structure and content of the data. SQL lasted for a long time, NoSQL broke this persistence pattern.

NoSQL frameworks are conveyed, non-relational databases intended for expansive scale information storage and for greatly parallel information handling over countless servers. They likewise utilize non-SQL dialects and instruments to communicate with information[4].

Because NoSQL databases remove the relational characteristics of relational databases, there is no relationship between data, and it is very easy to expand. At the same time, because it does not matter, the storage structure is simple, and the read and write performance is excellent.
[bookmark: _Toc61661546]Comparison
From the above introduction, the biggest difference between SQL database and NoSQL database is whether there is a relationship between data. NoSQL removes the relational characteristics of relational databases. Therefore, compared to SQL database, NoSQL can store massive amounts of data and it is cost-effective, more flexible, suitable for non-relational, distributed data. However, it is not as concise as the SQL query language. Although the query efficiency is high, it is difficult to implement complex database queries. At the same time, NoSQL does not support ACID transactions, so it does not have reliability and consistency will be threatened. There may be hidden dangers in the transaction system[5].

Based on the above comparative analysis, there are transactions in the demand of The Abertawe Arts Centre. I think SQL relational database is more suitable for storing the data of The Abertawe Arts Centre.
[bookmark: _Toc61661547]Performance Tuning
It can be seen from the requirements of the Abertawe Arts Centre that the theater mainly has two more important modules, that is, theater and entertainment production companies reserve venues in the art center and sell tickets to audiences.

The following is an E-R diagram of the production company's reservation of the venue in the Art Center.
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BookingTheVenue(CompanyNo) is a foreign key, refer to Company(CompanyNo).
The table Company mainly stores the information of the production company, including the company number, company name, company address, company city, company postcode, whether the company is verified, and company password. The table BookingTheVenue mainly stores the information of the scheduled venue, including the scheduled number, the number of the scheduled company, the name of the scheduled theater space, the type of event, the scheduled start time and the scheduled end time. Since the venue is frequently inquired about which company has reserved, the company information needs to be frequently queried. Therefore, the company number needs to be frequently matched with the table Company to obtain the company name, so the company name needs to be indexed. The statement is as follows:

create index index_book_venue on BookingTheVenue(CompanyNo)

The following is mainly about the E-R diagram of customers booking tickets at the Art Center.
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BookingTheTickets (CustomerNo) and BookingTheTickets (ShowNo) are foreign keys, refer to Customer (CustomerNo) and ShowTime (BookingTheVenueNo) respectively.

The table Customer mainly stores information about customers, including customer number, name, contact information, date of birth, date of registration, email address and password. The table BookingTheTickets mainly stores the information of the customer's ticket purchase, including the reservation number, customer number, reservation date, performance number and seat number. The table ShowTime mainly stores the information of the performance time, including the number of the performance, the reservation of the performance, and the time of the performance. In the process of customers buying tickets, we need to know the performance information, venue and ticket price, so we need to query performance information many times, so we need to frequently query through ShowNo, so we need to add an index. During the ticket purchase process, we may need to send an email notification to the customer after the ticket purchase is successful, and we also need to know the customer's name. Therefore, it is necessary to frequently query and search through CustomerNo to obtain customer information. Therefore, an index is also added to CustomerNo. The statement is as follows:

create index index_book_tickets on BookingTheTickets(CustomerNo)
create index index_book_tickets_theatre on BookingTheTickets(ShowNo)
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The venue reserved by the production company is recorded, but the exact date required by the production company is not registered in the system.

I think the problem mainly involves the insertion of two tables. The first table is BookingTheVenue(BookingNo, CompanyNo, TheatreName, Activity, CheckInDate, CheckOutDate), and the second table is ShowTimeNo(ShowTimeNo, BookingVenue, StartDate). I can use transactions. We must insert these two tables when inserting data and the table can be inserted successfully, otherwise the insertion fails. At this time, if the venue is booked, but no definite performance time is given, the reservation cannot be successful. When the insertion is unsuccessful, a prompt is given that the insertion is unsuccessful. The process mainly uses try...catch... in the transaction. The specific statement is as follows:
begin transaction BookingTheVenue
	begin try 
		-- book the venue
		INSERT INTO BookingTheVenue(BookingNo, CompanyNo, TheatreName, Activity, CheckInDate, CheckOutDate)
		VALUES('BV010','CO19028','Dylan 1','A001','27-Jul-2019','31-Jul-2019')
		
		INSERT INTO ShowTime(ShowTimeNo, BookingVenue, StartDate)
		VALUES('ST010', 'BV010', '28-Jul-2019')

		commit transaction  BookingTheVenue;
	end try
	begin catch
		--an error occurred, rollback changes
		rollback transaction  BookingTheVenue;
		--print('Rolling back, an error occurred')
		RAISERROR('Rolling back, an error occurred!', 16, 0);
	end catch;
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The show has not been registered, but the customer has booked it.

I think the problem mainly involves two tables. The first table ShowTime (ShowTimeNo, BookingVenue, StartDate), the second table BookingTheTickets (BookingNo, CustomerNo, BookingDateTime, ShowNo, SeeTime, SeatNo). In the process of ticket purchase, we should first check whether the show has been registered in the ShowTime table. If there is no group book, it will not be inserted into the BookingTheTickets table, that is, the ticket purchase cannot be completed, and a relevant prompt of insertion failure should be given. Similarly, when the insertion is unsuccessful, a prompt is given that the insertion is unsuccessful. The process mainly uses try...catch... in the transaction. The specific statement is as follows:

begin transaction BookingTheTickets
		-- book the tickets
		INSERT INTO BookingTheTickets(BookingNo, CustomerNo, BookingDateTime,ShowNo, SeeTime, SeatNo)
		VALUES('BT010', 'CR18001','2019-06-07','BV001', '28-Jul-2019', '1');
		
		-- if the show is not registered, not OK, abort the transaction and raise an error
		IF (SELECT COUNT(*) FROM ShowTime WHERE  BookingVenue='BV001' and StartDate='28-Jul-2019') < 1
			BEGIN
				ROLLBACK TRANSACTION BookingTheTickets
				RAISERROR('Rolling back, the show has not been registered!', 16, 1);
			END
		-- the show is registered, OK to commit
		ELSE
			COMMIT TRANSACTION BookingTheTickets;
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With the advancement of network technology and the birth of the distributed database system DDBS (Distributed Database System), people began to study it in the late 1970s and early 1980s to adapt to the expansion of database application requirements[6].

Distributed databases have many advantages, such as distributed data centers store data more securely, distributed data centers make it easier to comply with new data privacy regulations and higher data transmission speed in distributed data centers

I have designed a total of 9 tables as follows:

Activity (ActivityNo, ActivityType, ActivityPrice)
BookingTheTickets (BookingNo, CustomerNo, BookingDateTime, ShowNo, SeeTime, SeatNo)
BookingTheVenue (BookingNo, CompanyNo, TheatreName, Activity, CheckInDate, CheckOutDate)
Company (CompanyNo, CompanyName, StreetAddress, City, Postcode, ContactNo, EmaiAddress, Password, Verified)
Customer (CustomerNo, FirstName, Surname, ContactNo, EmailAddress, DOB, RegistrationDate, Password)
Seats (SeatsNo, TheatreName, SeatsType, Verified)
ShowTime (ShowTimeNo, BookingVenue, StartDate)
TheatreName (TheatreSpacesNameNo, TheatreSpacesType, TName)
TheatrePrice (TheatreSpacesPriceNo, TheatreSpacesType, Price)

Activity Table
I do not fragment. Because it contains only a small number of rows and it is not updated frequently.

TheatreName Table
I do not fragment. Because instead of fragmenting such a relation, it is more sensible to leave the relation whole and replicate it at each site.

TheatrePrice Table
I do not fragment. Because instead of fragmenting such a relation, it is more sensible to leave the relation whole and replicate it at each site.

ShowTime Table
I do not fragment. Because it contains only a small number of rows and it is not updated frequently.

Seats Table
I choose to use horizontal fragmentation. The number of seats is related to the type of theatre space. Each type of theatre space has a different seat number, so I choose to split the Seats table horizontally according to the type.

{TheatreName = 1(‘The main auditorium’)}
{TheatreName = 2(‘Dylan 1’)}
{TheatreName = 3(‘Burton 2’)}

S1: sTheatreName = 1(Seats)
S2: sTheatreName = 2(Seats)
S3: sTheatreName = 3(Seats)
Reconstruction: S1⋃S2⋃S3

Cutomer Table
I choose to use vertical fragmentation. Because the customer name and contact information often need to be queried together, they can be divided into a table. And the rest can be divided into a table. So I choose to split vertically

E1: ∏CustomerNo, FirstName, Surname, ContactNo, EmailAddress (Customer)
E2: ∏CustomerNo, DOB, RegistrationDate, Password (Customer)

Company Table
I choose to use vertical fragmentation. Because the company name and contact information often need to be queried together, they can be divided into a table. And the StreetAddress may be a large field. Therefore, I choose to split vertically.

E1: ∏CompanyNo, CompanyName, ContactNo, EmaiAddress (Company)
E2: ∏CompanyNo, StreetAddress, City, Postcode, Verified (Company)

BookingTheTickets Table
I choose to use vertical fragmentation. Because the CustomerNo, ShowNo and Seetime often need to be queried together, they can be divided into a table. And the rest can be divided into a table. So I choose to split vertically

E1: ∏BookingNo, CustomerNo, ShowNo, SeeTime (BookingTheTickets)
E1: ∏BookingNo, BookingDateTime, SeatNo (BookingTheTickets)

BookingTheVenue Table
BookingNo, CompanyNo, TheatreName, Activity, CheckInDate, CheckOutDate
I choose to mixed fragmentation. First, it can be divided horizontally according to the type of theater space, and then divided vertically. Because the CompanyNo, Activity, and TheatreName often need to be queried together, they can be divided into a table. And the rest can be divided into a table.

	BookingTheVenue Table

	B(a)(TheatreName =‘The main auditorium’)
	B(b)(TheatreName = ‘Dylan 1’)
	B(c)(TheatreName = ‘Burton 2’)

	B(a1)( BookingNo, CompanyNo, TheatreName, Activity)
	B(a2)( BookingNo, CheckInDate, CheckOutDate)
	B(b1) ( BookingNo, CompanyNo, TheatreName, Activity)
	B(b2) ( BookingNo, CheckInDate, CheckOutDate)
	B(c1) ( BookingNo, CompanyNo, TheatreName, Activity)
	B(c2) ( BookingNo, CheckInDate, CheckOutDate)
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Before the database design, I first analyzed the requirements of The Abertawe Arts Centre and designed the database according to the requirements. Then, according to the query business of The Abertawe Arts Centre, I optimized the database query and added the index. At the same time, according to the problem of The Abertawe Arts Centre, I gave my own solution, using transaction to prevent the production company’s scheduled venue from being recorded, but the exact date required by the production company has not been registered in the system and the performance has not been registered, but the customer has booked. Finally, according to the requirements of The Abertawe Arts Centre, a distributed database design was carried out to maintain the independence of data and at the same time, it can not only centrally control all sites when coordinating and executing global tasks, but also realize the autonomous management of databases between sites to serve for local users. Although the database is not perfect, for example, it does not solve the problem of seat distribution, but it should be able to effectively help the drama center manage the data better.
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