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Abstract
In order to address the database requirements for information retrieval and processing of the Abertawe Arts center, a database schema prototype is designed in this report. The main content includes indexes, transactions, distributed databases.
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1. SQL and NoSQL
1.1 [bookmark: OLE_LINK1]SQL introduction
SQL is a structured query language for managing data in a relational database. It is a programming language for defining, controlling, manipulating, and querying data in a relational database. Relational databases store data in a table, which represents the relationship, and then match the data with several common characteristics of the data. There are many relational database management systems that use SQL, such as Oracle, Access, Microsoft SQL Server, Sybase, and so on. Relational database management systems have been around for decades and are widely used in large information systems and enterprise applications. SQL isomorphism supports databases that run on multiple computer networks, known as distributed databases, providing users with great flexibility. As database technology advances, SQL-based applications are becoming more and more affordable for the average user. In an SQL database, data is stored in database objects called tables, and information in one table is connected to information in another table. A table is a collection of related data items, consisting of columns and rows. SQL is divided into four parts by function:
1.1.1 Data definition language
It is used to define our database objects, including databases, data tables, and columns. Using DDL(Data definition language), we can create, modify, and delete databases and markup structures. It mainly includes the following commands: 1) DROP: delete database, table, etc;2) CREATE: create database and table objects;3) ALTER: alter the structure of objects such as databases and tables.
1.1.2 Data manipulation language
We use it to manipulate records related to the database, such as adding, deleting, modifying records in tables. It mainly includes the following commands: 1) SELECT: query the data in the table;2) INSERT: insert new data into table;3) Update: update the table data;4) DELETE: delete data from table.
1.1.3 Data control language
We use it to define access rights and security levels. It is used to confirm or cancel changes made to data in the database. In addition, you can set permissions on users in the database. It mainly includes the following commands: 1) GRANT: grant privileges to the user;2) REVOKE: revoke the user's permission to slave operation;3) Commit: confirm the changes to the data in the database;4) ROLLBACK: undo changes to data in the database.
1.1.4 Data query language
We use it to query the records we want, and it is the most important thing about SQL. It is used to query the records in the table and mainly contains the select command to query the data in the table. In real business, most of the time we are dealing with queries.
1.2 [bookmark: OLE_LINK4][bookmark: OLE_LINK5]NoSQL introduction
NoSQL refers to high-performance, non-relational databases that leverage a variety of data models. What it means is: use a relational database when it is applicable, and we don't have to use a relational database when it is not. Consider using a more appropriate data store. NoSQL databases are only used in a specific domain and basically do not carry out complex processing, but it makes up for the shortcomings of the relational databases listed above. With the rise of Web 2.0 websites on the Internet, the traditional relational database has been unable to cope with Web 2.0 websites, especially the super-large and high-concurrency Web 2.0 pure dynamic websites, exposing a lot of insurable problems, while the non-relational database has been developed very rapidly due to its own characteristics. NoSQL database is created to solve the challenges of large data sets and multiple data types, especially big data application problems. NoSQL databases can be divided into four broad categories:
1.2.1 Key-value
A key-value database stores data in the form of keys and their associated values. A key is a pointer to a value, which can be an image, a single text string or number, or a JSON document. The advantage of the KV model for IT systems is its simplicity and ease of deployment. Examples are Voldemort, Redis, and Oracle BDB.
1.2.2 Document-type database
A document database is used to store JSON documents, which can have different schemas and elements, but the same table can be used to store all the data. A document database can be thought of as an updated version of a key-value database, allowing keys and values to be nested between each other. Document databases are more efficient queries than key-value databases. For example: CouchDB, Mongo.
1.2.3 Column store Database
Such databases are designed to cope with large amounts of data stored in distributed storage. The key still exists, but points to multiple columns. The columns are arranged by the column family. For example: Apache Cassandra.
1.2.4 Figure relational databases
A schema-structured database uses a flexible graphical model and can be scaled across multiple servers. Graphics databases use components to store and associate data. These components include "edges", "nodes", "properties". These nodes are similar to entities in a relational database and have attributes. The relationship between two nodes can also have attributes. Examples are: Neo4j, AWS Neptune.
1.3 SQL vs NoSQL
SQL databases are primarily referred to as relational databases (RDBMSs), while NoSQL databases are primarily referred to as non-relational or distributed databases. There are significant differences between SQL and NoSQL. These differences are as follows:
1.3.1 Language
SQL databases use Structured Query Language (SQL) to define and manipulate data, which makes SQL very versatile and suitable for complex queries. Hence, that makes it more restrictive. SQL requires that you determine the structure of your data before you start working with it, and that all subsequent data must follow the same structure. This means that structural changes can be disruptive to the system. NoSQL databases are dynamic and do not require structured data. Data can be stored as document-oriented, column-oriented, graph-based, or key-value based. Because NoSQL is very flexible, you do not have to define the structure before creating the document. Each document can also have its own unique structure. Syntax varies from database to database, and you can add fields at any time.
1.3.2 Scalability
Most SQL databases scale vertically. You can increase the load on a single server by adding components such as SSD, RAM, or CPU. NoSQL databases are horizontally scalable, and they can handle increased traffic by adding more servers to the database. It is similar to adding more floors to the same building, rather than adding more buildings nearby.
1.3.3 Structure
SQL databases are table-based and are more suitable for multi-row applications, such as accounting systems. NoSQL databases can be graphical databases, key-value pairs, document-based databases, or broad-column databases.
1.3.4 Attributes to be followed
SQL databases follow ACID (Atomicity, Consistency, Isolation, and Persistence) properties, while NoSQL databases follow Brewers Cap (Consistency, Availability, and Partition Tolerance) theorems.
1.3.5 Comparison of advantages and disadvantages
Each organization has to choose the right database for itself. NoSQL databases are becoming an important part of the database landscape. A common feature of NoSQL databases is the removal of the relational nature of relational databases, where the data has no relationships with each other, which brings the ability to scale at an architectural level. NoSQL databases have very high read and write performance and a flexible data model. Although a NoSQL database greatly increases access time and scalability, it can cause data loss. The severity of this problem depends on the database server support and the quality of the application code. There are many types of NoSQL systems, but there is little consistency between them, which makes it difficult to choose between them. SQL databases use the same standardized language, which adheres to ACID principles to ensure the security, stability, and predictability of the entire database and of each transaction. The main drawback is that it is difficult to scale, because its performance degrades rapidly as the database grows. Before deciding which database to use, there are some comparisons and contrasts to reflect which database is better suited to a particular need.
2. Performance Tunning
2.1 Introduction of index
An index is a structure for sorting the values of one or more columns in a database. An index can be used to quickly access specific information in a database table. Commonly speaking, an index is like a book's catalog, which stores the number of pages of each chapter in the book. By looking at the catalog, we can quickly locate the number of pages of the chapter and speed up the query of the database. At present, the amount of table data in the actual project is getting larger and larger, often at the level of millions or tens of millions. The query without index will become very slow, and the use of index has become a necessary item for query optimization.
2.2 Add secondary indexes
In the process of using the database, you need to add a lot of information about customers who rent venues or book tickets. There is a good chance that there will be duplicate names in the customer profile. When looking up a customer's name, you need to look up both first and last name. Therefore, I created a customer name index to improve the query efficiency.
CREATE INDEX CustomerName ON Customer(FirstName,SurName)
The venue is booked and there's a specific show, the customer buys the ticket, the show is about to start, the customer checks in. At this time, the staff needs to quickly guide the customer to the specific venue according to the ticket. If the customer is not familiar with the seat location, the staff also needs to quickly inform the exact location. Therefore, I created an index of admission information to quickly get the two properties of the ticket, theater name and seat number.
CREATE INDEX AdmissionInfo ON SeatBooking(DramaName,SeatNo)
When a customer comes to book the venue, the staff need to check the information of the available venue quickly. Under normal circumstances, customers will first choose the venue they want to reserve, and then the staff will check whether the venue has been reserved. Therefore, I created an index of venue information with the start and end dates of the venue being rented.
CREATE INDEX VenueInfo ON VenueBooking(StartDate,EndDate)
2.3 The reason of indexing the columns
As for why I have chosen to index the columns, the main reason for creating a column index is to greatly speed up data retrieval. By using indexes, you can improve the performance of the system by using optimized hider during the query process. When you use grouping and sorting clauses for data retrieval, you can also significantly reduce the grouping and sorting time in a query.
3. Transaction
3.1 Introduction to transaction
A transaction is a series of operations performed by a single logical unit of work, all or nothing. It is an indivisible unit of work and the smallest unit of work in a database environment. A transaction contains a set of operations, which can be an SQL statement, a set of SQL statements, or an entire program. If one of the operations is unsuccessful, none of the operations will be executed, and the previous operations will be rolled back to the original state to ensure consistency and integrity of the data. For example, if Jack transfers money to Tony to make a bank transfer, the transaction will be committed only after Jack's money has been transferred and the money has been received from Tony's account. Otherwise, the transaction will be rolled back to the state of money transfer to ensure that the data will not be wrong.
3.2 Solution of problem 1
As to solve the problem that Sometimes venue bookings are recorded but the details of the specific date(s) requested by the production companies are not registered in the system, I create a transaction to add a new reservation. First add a reservation information, and then check if the details of the specific date(s) requested by the production companies are registered in the system. If not, abort the transaction and raise an error. And if dates have been recorded, then it is ok to commit.
BEGIN TRANSACTION AddNewBooking
     --Add the new booking
	 INSERT INTO VenueBooking(VenueBookingNo,VenueCustomerNo,BookingDateTime,StartDate,EndDate,RentalPrice)
     VALUES('VB53005','BS20005','2018-09-04','2018-09-06 15:00:00','2018-05-08 15:00:00','2000')

	 --Check if the details of the specific date(s) requested by the production companies are registered in the system.
	 --If not, abort the transaction and raise an error.
	 IF (SELECT StartDate,EndDate FROM VenueBooking WHERE VenueBookingNo = 'VB53005'  ) = null
	     BEGIN
		       ROLLBACK TRANSACTION AddNewBooking
			   RAISERROR('Rolling back,dates have not been recorded!', 16, 1);
	     END
	 ELSE
	     --Dates have been recorded, ok to commit.
		 COMMIT TRANSACTION AddNewBooking;
3.3 Solution of problem 2
As to solve the problem that customers are able to book tickets items that are not registered as event, I create a transaction to add new booking information. First, add a booking information, and then check if the customers are able to book tickets items that are not registered as event. If they can, abort the transaction and raise an error. And if the drama has not been registered, it is ok to commit.
BEGIN TRANSACTION AddNewTicketBooking
     --Add the new ticket booking
	 INSERT INTO SeatBooking (BookingNo, CustomerNo, BookingDateTime, SeatNo, DramaName, PerformnceDateTime)
     VALUES ('SB951003','ZA10003','2019-05-27','MAS158','Forever tango','2019-05-29')

	 --Check if the Customers are able to book tickets items that are not registered as event.
	 --If they can, abort the transaction and raise an error.
	 IF (SELECT DramaName FROM SeatBooking WHERE BookingNo = 'SB951003' ) = null
	     BEGIN
		      ROLLBACK TRANSACTION AddNewTicketBooking
			  RAISERROR('Rolling back,the drama has not been registered!', 16, 1);
	     END
     ELSE
	     --The drama has not been registered, ok to commit
		 COMMIT TRANSACTION AddNewTicketBooking
4. Distributed Database Solution
4.1 Introduction to distributed database
Distributed database systems are derived from the combination of two data processing methods, one is a database system, the other is a computer network. Distributed database is developed on the basis of the mature technology of centralized database, but it is not a simple decentralized implementation of centralized database, it has its own nature and characteristics. The distributed database has a flexible system structure and ADAPTS to the distributed management and control organization. It has good expansibility and is easy to integrate the existing system.
4.2 Solution 
SeatBooking table(BookingNo, CustomerNo, BookingDateTime, SeatNo, DramaName, PerformnceDateTime)
Due to the different types of plays the audience watches, the predetermined information can be separated according to the plays and the horizontal fragments can be used.
P1:  DramaName = ‘The Rain’ (SeatBooking)
P2:  DramaName = ‘Fame’ (SeatBooking)
Reconstruction: P1  P2

VenueBooking(VenueBookingNo,VenueCustomerNo,BookingDateTime,StartDate,EndDate,RentalPrice)
Because the price of each venue is different from each other, the booking information can be separated according to the venue price to take advantage of horizontal fragments.
Q1:  RentalPrice = ‘300’ (VenueBooking)
Q2:  RentalPrice = ‘1000’ (VenuBooking)
Reconstruction: Q1  Q2
SeatProperty(SeatPropertyRef, NoMainAuditoriumStalls, NoMainAuditoriumBackStall, NoMainAuditoriumCircle, NoDylan1Stalls, NoDylan1UpperStalls, NoBurton2Stalls, NoBurton2UpperStalls, Status)
The venue includes the main auditorium, Dylan 1 and Burton 2. Therefore, the information of these three kinds of audience can be obtained by vertical fragments.
S1:	 SeatPropertyRef, NoMainAuditoriumStalls,NoMainAuditoriumBackStall,NoMainAuditoriumCircle,Status(SeatProperty)
S2:	 SeatPropertyRef, NoDylan1Stalls,NoDylan1UpperStalls (SeatProperty)
S3:	 SeatPropertyRef, NoBurton2Stalls,NoBurton2UpperStalls (SeatProperty)
Reconstruction: Q1    Q2
TicketsPrice(TicketsPriceID,SeatPropertyRef, AmateurPlaysPrice, ProfessionalProductionPrice)
Different audiences buy different ticket prices and types, so I use mixed fragments to classify the information of the same ticket and the same ticket price.
First, horizontal fragments:
F1:  AmateurPlaysPrice = ‘9.00’ (TicketPrice)
F2:  AmateurPlaysPrice= ’11.00’ (TicketPrice)
Then, vertical fragments:
F11:	 TicketPriceID, SeatPropertyRef,AmateurPlaysPrice (TicketPrice)
F12:	 TicketPriceID, ProfessionalProductionPrice (TicketPrice)
F21:	 TicketPriceID, SeatPropertyRef,AmateurPlaysPrice (TicketPrice)
F22:	 TicketPriceID, ProfessionalProductionPrice (TicketPrice)
Reconstruction:( F11    F12 )   ( F21    F22)
Staff (StaffNo, FirstName, Surname, DOB, Gender, Position, Salary, Bonus, EmailAddress, ContactNo, BranchNo, LineManager, StartDate, LeavingDate)
Obviously, employees of different positions can be separated from the employee information table. You can also separate out salary information from other information. So I used mixed fragments to do it.
First, horizontal fragments:
E1:  Position = ‘Assistant’ (Staff)
E2:  Position = ’Supervisor’ (Staff)
E3:  Position = ’Manager’ (Staff)
Then, vertical fragments:
E11:	 StaffNo, FirstName, SurName, Position, Salary, Bonus(TicketPrice)
E12:	 StaffNo, DOB, Gender, EmailAddress, ContactNo, BranchNo, LineManager, StartDate, LeavingDate(TicketPrice)
Reconstruction:( E11       E12 )  E2  E3
Customer(CustomerNo,FirstName,SurName,DramaName,ContactNo,EmailAddress,DOB,[Password])
Using derived fragments for the customer table, each customer has its own predetermined repertory title.
Bi :Customer	 DramaName  Pi        1  i  2
Reconstruction: (B1  B2)
VenueProperty (VenuePropertyRef, SmallTheater, LargeMainAuditorium, Status)
VenueCustomer (VenueCustomerNo, FirstName, Surname, ContactNo, EmailAddress, DOB, Password)
RentalPrice(RentalPriceID, VenuePropertyRef, StartDate, EndDate, SmallTheaterPrice, LargeMainAuditoriumPrice)
Branch (BranchNo, StreetAddress, City, Postcode, PhoneNo)
The content of these four tables is relatively small and the data is basically fixed, so there is no need to split these tables.
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