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[bookmark: _Toc61537118]Abstract
[bookmark: _GoBack]In response to the actual needs of Abertawe Arts company, such as providing venue rental services to drama and entertainment production companies and ticket sales services to customers ,this report provides a database solution. At the same time, this article explains the dispute between SQL and NOSQL, and introduces how to use index, transaction, and distributed database to improve database performance
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1. [bookmark: _Toc61537119]SQL VS NOSQL
SQL databases are relational, relational databases have the capacity to deal with huge numbers of information and complex inquiries[1]. Their main representatives are Oracle, SQL Server，MySQL，PostgreSQL. NOSQL means not only SQL, they are non-relational database. The main representatives are MongoDB，Redis，CouchDB[2].
1.1 [bookmark: _Toc61537120]Differences between SQL and NOSQL
1. Language
SQL uses a structured query language and is based on a predefined structural framework. The use of this kind of database is very wide, and it has extremely high security for complex queries. 
A NoSQL database has dynamic schema for unstructured data. Data is stored in many ways which means it can be document-oriented, column-oriented, graph-based or organized as a KeyValue store.[3]
2. The Structure
SQL databases are table-based, while NoSQL databases are not limited to the structure of the table, their structure are more flexible. They include document-based, graph databases, key-value pairs, or wide-column stores.
3. The Scalability
In most cases ,SQL databases are vertically scalable, NoSQL databases are horizontally scalable.
4. The Applicability
SQL databases are more suitable for multi-row transactions, and NOSQL is often used in situations where the data is unstructured.
1.2 [bookmark: _Toc61537121]Advantages and disadvantages of SQL and NOSQL
The advantages of SQL databases are that they can perform transaction operations and maintain data consistency; they can perform a variety of complex queries such as join queries; they have a predefined framework, which is easy to use, and the field for updating data is small. Unfortunately, they also have some shortcomings, such as the existence of a joint query mechanism that makes data difficult to expand; when the amount of data is large and the logic is complex, the read and write speed of the database will become very slow; the cost of building the database will vary with the system Increase in scale; limited storage space, etc.
Using NOSQL database can avoid the above shortcomings of SQL database. For example, Cassandra database can be used for simple expansion; Redis can increase the read and write rate of database (Redis database is pure memory operation and simple logic); the cost of using distributed database is lower (All are open source software). However, NOSQL database also has some disadvantages. Such as, the existing products are not mature enough, the database function is not complete enough, and the supported performance is not rich enough. But the most important thing is that NOSQL does not provide support for SQL, which will force users to spend time and experience to learn and migrate data, not user-friendly.
1.3 [bookmark: _Toc61537122]Applicability of SQL and NOSQL
SQL is accurate. It is most suitable for projects with defined requirements and precise standard definitions. Online shops and banking systems mostly use this kind of database.
NoSQL is changeable. It is most suitable for data with uncertain requirements. Social networks, customer management and network analysis systems often use this kind of database.[4]
[bookmark: _Toc61537123]1.4 Analysis of Abertawe Arts Company Management System
According to the Abertawe Arts Company 's requirements, it needs to meet the relevant needs of entertainment production companies, consumers (ticket customers) and Abertawe Arts company managers. There are many drama and entertainment production companies interested in renting the venues of the Abertawe Arts Centre to host their business and professional dramas, performances, and dance competitions. When the venue is booked, the ticket office of the Abertawe Arts company needs to arrange the performance and sell all tickets to interested customers. The specific information to be recorded is as follows:
(1) Production company information: The person in charge of the company should record some basic information of drama and entertainment production companies, such as the company's name, contact information, address, etc., in order to better serve the production company.
(2) Booking information: The booking information is a very important part of the company's management system. It can provide Abertawe Arts company employees with basic information about the reservation site, such as the name of the reservation company, book space, and the date of the reservation , the start and end dates of the venue, the number of days scheduled, the scheduled price, etc. When a time period has been reserved by one company, other companies can no longer reserve this time period again.
(3) Performance information: After the venue is booked, Abertawe Arts company will generate the corresponding basic performance information, such as the name of the performance, the type of performance, the level of the performance, the venue of the performance, the performance start time, end time, performance company, etc. In this way, company managers can easily find out all the information about the performance, which is helpful for the subsequent sales of performance tickets. When an art company manager wants to know whether there is a performance at a certain time, he can easily find the corresponding performance information through query statements.
(4) Ticket information: After determining the performance information, Abertawe Arts company needs to obtain the corresponding basic information about the tickets, such as performance venue, seats, ticket prices, performance name, etc. When a consumer wants to buy tickets for a performance that he is interested in, he also needs to know the time, venue, seat, price and other information of the performance, and needs to perform multi-table query, and finally lock the tickets that need to be purchased.

After the above analysis, we can see that the theater management system needs to ensure data consistency, and needs to use transaction processing and joint query operations. Therefore, the SQL database can better meet the needs of the Abertawe Arts company.
2. [bookmark: _Toc61537124]Performance Tuning
2.1 [bookmark: _Toc61537125]Introduction of Index
An index is a structure for sorting the values ​​of one or more columns in a database table. Using an index can quickly access specific information in a database table. Appropriate establishment of some indexes will help improve the performance of the database. The advantages of indexing are as follows:
1. Establish a unique index to ensure that each row of data in the database table is unique
2.Indexes can enhance performance because they can provide a quick way for the query engine to find data [5].
3. Speed ​​up the connection speed between the table and the table, provide help in the integrity of the data
4. Grouping and sorting according to the index can significantly reduce the time of grouping and sorting in the query.
Therefore, it is necessary for us to establish several secondary indexes for the database to improve the performance of the system. However, creating an index also has some disadvantages:
1. Adding and maintaining the index requires time and cost, and the time will increase as the amount of data increases.
2. Creating an index will take up a certain amount of physical space. If a clustered index is created, more disk space is required.
3. After the index is created, the efficiency of the data table modification operation will be greatly reduced, and the corresponding index table needs to be changed when the data table is modified.
[bookmark: _Toc61537126]2.2 Creation of index
In order to improve the performance of the system, I will create three secondary indexes in the database. The creation of these indexes is based on data queries that are frequently executed in the database.
1.Create a secondary index on ProductionCompany table
CREATE INDEX idx_Company_name ON ProductionCompany (CompanyName)
Reason: Sometimes, Abertawe Arts company managers want to find information about a certain entertainment production company, get in touch with the person in charge of the company, and discuss the lease of the venue, but they don’t know the company’s serial number, then they need to use the company name Find it. In other cases, the name of the company can also be always used for WHERE or ORDER statement for sql queries. Therefore, you can speed up the select query rate by setting the company's name as an index
2. Create a secondary index on Booking table
CREATE INDEX idx_Booking_ CompanyNo ON Booking (CompanyNo)
Reason: In fact, the managers of the Abertawe Arts company need to check the reservation information of the drama and  entertainment production company frequently, and can give certain discounts to large companies that frequently book venues. The company number is usually used as a primary key or foreign key, used in a join statement to combine information from two or more tables. Therefore, setting the company number as an index can speed up the connection between the two tables and improve the query performance of the system.
[bookmark: _Hlk61428656]3. Create a secondary index on Ticket table
CREATE INDEX idx_Ticket_ TicketPrice ON Ticket (TicketPrice)
Reason: In most cases, during the ticket purchase process, customers will first look at the fare of the show, and only after confirming that the price is within their acceptable range, will they choose the viewing time and seat. Therefore, it is necessary for us to set TicketPrice in the Ticket table as the primary key to speed up customer query.
3. [bookmark: _Toc61537127]Transaction
3.1 [bookmark: _Toc61537128]Transaction for problem a
Problem a: Sometimes venue bookings are recorded but the details of the specific date(s) requested by the production companies are not registered in the system. When the entertainment production company reserves a venue, the relevant reservation information will be inserted into the BOOKING table. If the company number (FK) does not exist when inserting data, it will fail to insert the information, so that the specific date and time required by the production company cannot be displayed in the table.
Solution:
BEGIN TRANSACTION RecordDetails
	BEGIN TRY -- Add try to catch any errors
--Add new data into Booking table
INSERT INTO Booking(TheatreSpaceNo,BookingDate,StartDate,EndDate,CompanyNo,NumberDays,RentalPrice)
VALUES('001','01-Dec-2020', '12-Dec-2020', '14-Dec-2020','W1','2','1000')
-- Add new data into Booking table
INSERT INTO Booking(TheatreSpaceNo,BookingDate,StartDate,EndDate,CompanyNo,NumberDays,RentalPrice)
VALUES('001','12-Mar-2020', '12-Apr-2020', '14-Apr-2020','W6','2','1000')
		COMMIT TRANSACTION RecordDetails;
	END TRY
	BEGIN CATCH -- Add catch to handle error
		-- Rollback ALL inserts, an error has occurred. 
		ROLLBACK TRANSACTION RecordDetails;
		RAISERROR('Rolling back, an error occurred!', 16, 1);
	END CATCH
3.2 [bookmark: _Toc61537129]Transaction for problem b
Problem b: Customers are able to book tickets items that are not registered as event.
Solution: When generating ticket information, check whether the item corresponding to the performance number purchased by the customer exists, if not, the transaction is rolled back.
BEGIN TRANSACTION CheckTicket
--Insert data into table Play
INSERT INTO Play(PlayNo,TheatreSpaceNo,PlayType,PlayLevel,PlayName,PlayStartDate,PlayEndDate,CompanyNo)
VALUES('PM003','001', 'Musical', 'Amateur','Wicked','13-Jan-2020', '14-Jan-2020','W2')
--Check how many procuct of 'PM003',if amount is 0,abort the transaction and raise an error
IF(SELECT Amount FROM Ticket WHERE PlayNo='PM003' )=0
BEGIN
		ROLLBACK TRANSACTION CheckTicket
		RAISERROR('Rolling back,this product is not in stock!', 16, 1);
	END
	ELSE
		COMMIT TRANSACTION CheckTicket;
4. [bookmark: _Toc61537130]Distributed Database Solution
As shown by the Abertawe Arts Centre case study, some production companies need to book the three venues of the Abertawe Arts Centre. In the database I designed, TheatreSpaceNo represents different venues.
Since each venue is different in size and the number of people it can accommodate is also different, the corresponding seat information for each venue is also different.
The company hopes to provide a database to record the production company’s reservation information and customer ticket purchase information. Therefore, I will design a distributed database to solve the above problems. The plan is as follows:

1.Department table, ProductionCompany table，TheatreSpace table，Seat table,SeatInfo table
Department(DepartmentID,DepartmentName,PrincipalFirstName,PrincipalSurName)
ProductionCompany(CompanyNo,CompanyName,ContactNo,StreetAddress,City,Postcode)
TheatreSpace(TheatreSpaceNo,TheatreSpaceName,Size)
Seat(SeatNo,SeatRow,SeatColumn)
SeatInfo(SeatNo,TheatreSpaceNo,SeatStatus)
For these four tables（Department，ProductionCompany，TheatreSpace，Seat,SeatInfo）, the data recorded in each table is less, the relation is small, the logic is simple, and the frequency of updating data is low. There is no need to split these tables, so it is better to replicate relationships at all sites.
2.Staff table Staff(StaffNo,DepartmentID,FirstName,SurName,Gender,Age,Position,ContactNo,EmailAdderss,Salary)
Each employee of the company will be assigned to a department when registering, so employee information must be recorded by department. We should use horizontal fragmentation for Staff table.
Horizontal fragments are:
S1:  DepartmentID = D0001
S2:  DepartmentID = D0002
S3:  DepartmentID = D0003
S4:  DepartmentID = D0004
S5:  DepartmentID = D0005
Reconstruction: (S1  S2  S3 S4 S5)
3.Booking table
[bookmark: _Hlk61530907]Booking(BookingNo,TheatreSpaceNo,BookingDate,StartDate,EndDate,CompanyNo,NumberDays,RentalPrice)
According to differences of TheatreSpaces and Companies, use horizontal fragments for Booking table.
B1: CompanyNo =W1 (Wales Drama Company) and TheatreSpaceNo = 001 (‘Main Auditorium’)
B2: CompanyNo =W1 (Wales Drama Company) and TheatreSpaceNo = 002 (‘Dylan 1’)
B3: CompanyNo =W2 (Wales Entertainment) and TheatreSpaceNo = 001 (‘Main Auditorium’)
B4: CompanyNo =W2 (Wales Drama Company) and TheatreSpaceNo = 002 (‘Dylan 1’)
B5: CompanyNo =W2 (Wales Drama Company) and TheatreSpaceNo = 003 (‘Burton 2’)
B6: CompanyNo =W3 (Wales Dance Company) and TheatreSpaceNo = 001 (‘Main Auditorium’)
B7: CompanyNo =W3 (Wales Dance Company) and TheatreSpaceNo = 003 (‘Burton 2’)
B8: CompanyNo =W4 (Wales Play Company) and TheatreSpaceNo = 001 (‘Main Auditorium’)
B9: CompanyNo =W4 (Wales Play Company) and TheatreSpaceNo = 002 (‘Dylan 1’)
Horizontal fragments are:
[bookmark: _Hlk61550022][bookmark: _Hlk61550044]B1:  CompanyNo =W1 and TheatreSpaceNo = 001 (Booking)
B2:  CompanyNo =W1 and TheatreSpaceNo = 002 (Booking)
B3:  CompanyNo =W2 and TheatreSpaceNo = 001 (Booking)
B4:  CompanyNo =W2 and TheatreSpaceNo = 002 (Booking)
B5:  CompanyNo =W2 and TheatreSpaceNo = 003 (Booking)
B6:  CompanyNo =W3 and TheatreSpaceNo = 001 (Booking)
B7:  CompanyNo =W3 and TheatreSpaceNo = 003 (Booking)
B8:  CompanyNo =W4 and TheatreSpaceNo = 001 (Booking)
[bookmark: _Hlk61532448]B9:  CompanyNo =W4 and TheatreSpaceNo = 002 (Booking)
Reconstruction: B1  B2  B3  B4 B5  B6  B7  B8  B9
[bookmark: _Hlk61532322]4. Play table
Play(PlayNo,BookingNo,PlayType,PlayLevel,PlayName,PlayStartDate,PlayEndDate)
Play table is based on Booking table, because every performance has a corresponding company(CompanyNo) and performance venue(TheatreSpaceNo) . We should use derived fragmentation for Play table. 
Pi : Play	BookingNo    Bi        1  i  9
Reconstruction: (P1  P2  P3  P4  P5  P6  P7  P8  P9)

5. Ticket table 
Ticket(TicketNo，PlayNo,SeatNo,TheatreSpaceNo,TicketPrice)
i. Divide the Ticket table into two parts based on performance seat information and fare information.We should use vertical fragmentation for Ticket table to meet customer needs.
Vertical fragments are:
T1:	 TicketNo，PlayNo,SeatNo,TheatreSpaceNo (Ticket)
T2:	 TicketNo,,TicketPrice (Ticket)
ii. Use derived fragmentation for T1 (based on Play, the play information of each ticket is different)
T1i:	T1            PlayNo  Pi		1  i   9
Reconstruction: (T11  T12  T13 T14 T15 T16 T17 T18 T19)     T2

6. TicketCustomer table
 TicketCustomer(CustomerNo,FirstName,Surname,ContactNo,TicketNo)
TicketCustomer can be divided into two parts, the customer’s basic information and his Ticket information. So, I will use vertical fragmentation for Ticket table.
Vertical fragments are:
TC1:	 CustomerNo,FirstName,Surname,ContactNo (TicketCustomer)
TC2:	 CustomerNo ,TicketNo, (TicketCustomer) 
Reconstruction: TC1       TC2
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