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[bookmark: _Toc61613677]Abstract
The Abertawe Arts Centre is near completion and due to open early in the next year. Based on this background, this report provides the main functions and implementation methods of the database system design for the needs of the theatre management staff to help the company quickly perform information retrieval and processing in response. It also introduces how to build indexes to improve the query efficiency of the system, and it uses distributed databases for better management and control. 
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[bookmark: _Toc61613678]1. SQL vs NoSQL
[bookmark: _Toc61613679]1.1 Concept
SQL (Structured Query Language) database refers to relational database.
NoSQL (Not Only SQL) generally refers to non-relational databases.
[bookmark: _Toc61613680]1.2 Differences
a) SQL database definition and operation are based on data structured query language. NoSQL database has a dynamic architecture for unstructured data. This means it can establish documents directly instead of having to defining the framework.
b) In a SQL database, you cannot add data to it unless you define the schema of tables and fields in advance. In a NoSQL database, data can be added at any time, without the need to define documents and collections in advance.
c) SQL has the standardization of the database. NoSQL can also use normalization, but it is more inclined to denormalization.
d) SQL possesses data integrity, while NoSQL doesn’t have this characteristic.
In NoSQL databases, there is no data integrity constraint option. You can store any data you want.
e) SQL databases follow the properties of ACID, such as atomicity, consistency, isolation, and durability, while NoSQL databases comply with the Brewers CAP theorem, for instance, consistency, availability, and partition tolerance.
f) SQL databases are scaled vertically, and expansion capabilities are obtained by increasing single-machine resources; NoSQL databases are scaled horizontally, and processing capabilities are improved by adding more servers.
[bookmark: _Toc61613681][bookmark: _Ref19457317]2. Performance Tuning
[bookmark: _Toc61613682]2.1 What is Index?
Index is a sorted data structure in database management system. Creating an index can speed up retrieval in a database table and improve the performance of the system, which is the main advantage of establishing indexes. In addition, the secondary index can accelerate the speed of the connection between tables, which plays an essential role in improving the referential integrity data.
Although the establishment of index has many positive effects, it still has some disadvantages as follows:
In the process of database creation, as the total amount of data increases, it takes more time to establish and maintain indexes. Additionally, it will bring some troubles to the maintenance speed of the database because the index needs to be dynamically maintained during the modification of the table data. 
[bookmark: _Toc61613683]2.2 How to create index?
Index 1
CREATE INDEX IndexAudienceName ON Audience (FirstName,SurName)
Reason:
Sometimes there will be a situation that you know the name of a certain audience without knowing his audience ID. In this case, if you want to inquire about his seat and other detailed information through full table scanning, it will take a long time and results in low efficiency. Therefor, in order to avoid such problem, the first name and the sur name are used as secondary indexes, which can greatly increase the speed of data retrieval and improve query performance.
[bookmark: _GoBack]
Index 2
CREATE INDEX IndexPerformanceName ON Performance (PerformanceName)
Reason:
As the theater is open for a period of time, the data volume of rental companies and performances is increasing. At this time, if you want to determine the rental company through a certain performance, you need to traverse the Performance table when there is no index operation. In the case of a large amount of data, it will lead to a long retrieval time and low efficiency. Create a secondary index in the PerformanceName column because this column is highly differentiated. And then use the JOIN statement to combine the Rent_relation and Performance tables in the RentID column to find out which company leased the performance. This operation can speed up the connection between tables, as well as increasing the speed of obtaining required information and improving the efficiency of processing related requests.

Index 3
CREATE INDEX IndexRentalDate ON TheatreRental_Info (RentalStartDate,RentalEndDate)
Reason:
The Abertawe Arts Centre is often asked whether they can be booked for a certain period of time and which company has been rented. If the theater wants to find out who has been booked for a certain period of time, it needs to combine the two tables of Rent_Relation and ThratreRental_Info to search. In order to avoid the waste of database space and to save time, create secondary index in the RentalStartDate and RentalEndDate columns. Use the JOIN statement to combine the Rent_Relation and ThreatreRental_Info tables in the RentID column to find out which company is rented for a certain period of time. The reason for selection is that these two columns are key attributes that limit the time range. At the same time, the column will also be used in where and order statements.
[bookmark: _Toc61613684]3. Transaction
[bookmark: _Toc61613685]3.1 Problem A
This transaction helps to address the following problem: Sometimes venue bookings are recorded, but the details of the scheduled time period is not registered in the system. This is not allowed. The processing method is to record the reservation first when the transaction starts. And then because we set the time column of Rental_relation to Not NULL, an error will occur when inserting the detailed reservation data and the operation will fail. Therefore, the transaction will roll back because of this failure.
SQL code:
BEGIN TRANSACTION RentDetails;
BEGIN TRY;
INSERT INTO Rent_relation (RentID,TheatreName, CompanyID) VALUES(13,'Dylan 1', 6);
INSERT INTO TheatreRental_Info(InfoID,RentID,RentalStartDate,RentalEndDate,RentalDuration) VALUES(1, 3,'','','');
COMMIT TRANSACTION RentDetails;
END TRY
BEGIN CATCH		
ROLLBACK TRANSACTION RecordDetails;
RAISERROR ('Rolling back, an error occurred!', 16, 1);
END CATCH
[bookmark: _Toc61613686]3.2 Problem B
This transaction helps to deal with the following problem: Sometimes audiences are able to book tickets items, but the performance is not registered. For instance, the venue is not scheduled. Here, we can judge by whether the rental information exists. When we find the corresponding RentID in the performance table, and cannot find the information through the RentID in the Rental_relation table, the corresponding operation should be rejected at this time, and the booking transaction will be rolled back.
SQL code:
BEGIN TRANSACTION TicketOrder
INSERT INTO Ticket (PerformanceID, SeatID) VALUES (5, 3)

IF (select COUNT (*) from (SELECT RentID FROM Rent_relation WHERE RentID= (SELECT RentID FROM Performance WHERE PerformanceID=5)) as b)=0
	BEGIN
		ROLLBACK TRANSACTION TicketOrder
		RAISERROR ('Rolling back, this product is not in stock!', 16, 1);
	END
ELSE
	BEGIN 
		COMMIT TRANSACTION TicketOrder;
	END
[bookmark: _Toc61613687]4. Distributed Database Solution
[bookmark: _Toc61613688]4.1Horizontal Fragmentation 
a) Horizontal Fragmentation One
As is mentioned in the task description, the theatre has four levels of seats (stalls, back stall, circle and upper stalls) and the performances are divided into professional and amateur performances. The performance tickets are restricted by the two factors of seats and whether it is a professional performance, and the values of these two attributes are limited and fixed. Therefore, we can perform horizontal scoring according to the values of the permutation and combination of these two attributes. The seat level is described in the SeatLevel table, and whether it is professional is described in the Performance table. These two pieces of information are determined by (SeatID, PerformanceID) in the Price table, so the level can be divided according to the difference between the two attributes.

SeatLevel table (SeatID, TheaterName, StartSeatID, LastSeatID, SeatLevel)
Performance table (PerformanceID, RentID, PerformanceName, PerformanceTime, PerformanceType, RemainingSeat, IsProfessional)
Price table (SeatID, PerformanceID, Price)

Price 1: SeatLevel = L1 (Stalls) and IsProfessional = T (true)
Price 2: SeatLevel = L2 (Back stall) and IsProfessional = T (true)
Price 3: SeatLevel = L3 (Circle) and IsProfessional = T (true)
Price 4: SeatLevel = L4 (Upper stalls) and IsProfessional = T (true)
Price 5: SeatLevel = L1 (Stalls) and IsProfessional = F (false)
Price 6: SeatLevel = L2 (Back stall) and IsProfessional = F (false)
Price 7: SeatLevel = L3 (Circle) and IsProfessional = F (false)
Price 8: SeatLevel = L4 (Upper stalls) and IsProfessional = F (false)

Price 1:  SeatLevel = L1 and IsProfessional = T (Price)
Price 2:  SeatLevel = L2 and IsProfessional = T (Price)
Price 3:  SeatLevel = L3 and IsProfessional = T (Price)
Price 4:  SeatLevel = L4 and IsProfessional = T (Price)
Price 5:  SeatLevel = L1 and IsProfessional = F (Price)
Price 6:  SeatLevel = L2 and IsProfessional = F (Price)
Price 7:  SeatLevel = L3 and IsProfessional = F (Price)
Price 8:  SeatLevel = L4 and IsProfessional = F (Price)

Reconstruction: Price1  Price2  Price3  Price4 Price5  Price6  Price7  Price8 

b) Horizontal Fragmentation Two
Usually there are hundreds of tickets for a performance, which also corresponds to hundreds of orders. As the operating hours of the theater increase, the number of records in the corresponding table will also grow rapidly. And the theater administrators may often have the need to query historical ticket order. The detailed information of the order is associated with the TicketID of the order. In the case of a large amount of data in the Ticket table, checking the ticket will cause performance degradation, and the overhead of index maintenance will also be very high when the Ticket table continues to have new data.
Considering that tickets are related to performances, we can divide the Ticket table horizontally according to the performance attributes IsProfessional and ThratreName, and the values of these two attributes are limited and fixed. The two foreign keys PerformanceID and SeatID of the Ticket table are the primary keys of the SeatLevel table of the Performance table. We can get the IsProfessional and ThreatreName of the Ticket record from these two tables. This kind of division only needs to confirm and locate the sub-table position when inserting records into the Ticket table, and does not need to perform a joint query next time, for example, according to whether a professional query is required. This will save a lot of time.

Performance table (PerformanceID, RentID, PerformanceName, PerformanceTime, PerformanceType, RemainingSeat, IsProfessional)
SeatLevel table (SeatID, TheaterName, StartSeatID, LastSeatID, SeatLevel)
Ticket table (TicketID, PerformanceID, SeatID)

T1: ThreatreName = T1 (The main auditorium) and IsProfessional = T (True)
T2: ThreatreName = T2 (Dylan 1) and IsProfessional = T (True)
T3: ThreatreName = T3 (Burton 2) and IsProfessional = T (True)
T4: ThreatreName = T1 (The main auditorium) and IsProfessional = F (False)
T5: ThreatreName = T2 (Dylan 1) and IsProfessional = F (False)
T6: ThreatreName = T3 (Burton 2) and IsProfessional = F (False)

T1: σThreatreName = T1 and IsProfessional = T (Ticket)
T2: σThreatreName = T2 and IsProfessional = T (Ticket)
T3: σThreatreName = T3 and IsProfessional = T (Ticket)
T4: σThreatreName = T1 and IsProfessional = F (Ticket)
T5: σThreatreName = T2 and IsProfessional = F (Ticket)
T6: σThreatreName = T3 and IsProfessional = F (Ticket)

Reconstruction: (T1  T2 T3  T4  T5  T6)
[bookmark: _Toc61613689]4.2 Vertical Fragmentation 
The detailed information about the table of the performance is very complicated, such as PerformanceID, PerformanceName, PerformanceType, PerformanceTime and other important information. All of these need to be queried. With the long-term operation of the theater, more and more data will be generated in the performance table, and after the creation of the indexes of performance name and performance time, the maintenance of the table will become more difficult with the increasingly amounts of data. Therefore, it is necessary to split the table vertically, which will reduce the overhead of table maintenance and increase the performance of the query. Based on this problem, I divide the tables vertically according to functional requirements and indexes, and evenly distribute the data in different tables by column: query by name and query by time.

Performance table (PerformanceID, RentID, PerformanceName, PerformanceTime, PerformanceType, RemainingSeat, IsProfessional)

P1:	PerformanceID,RentID, PerformanceName, PerformanceType,IsProfessional (Performance)
P2:	PerformanceID, PerformanceTime,RemainingSeat(Performance)
Reconstruction: (P1  P2)
[bookmark: _Toc61613690]4.3 Mixed Fragmentation
In the previous part, the performance table was divided vertically (P1  P2). Take the consideration of the huge amount of data in the performance table, we can also make a horizontal table on this basis. The value of the IsProfessional column in P1 is limited and fixed, so we can divide the performance table P1 horizontally on this column, which will reduce the amount of data in a single table and reduce the overhead of index maintenance to improve query performance.

P1:	PerformanceID,RentID, PerformanceName, PerformanceType,IsProfessional (Performance)
P11: IsProfessional ='true' (P1)
P12: IsProfessional ='false' (P1)
Reconstruction: (P11  P12) ⋈ P2
[bookmark: _Toc61613691]4.4 Derived Fragmentation
In the Rent_relation table, we can derive three sub-tables based on the three theaters, each of which belongs to a theater. The performances in the performance list will also have different performance locations, namely theater names. Therefore, we can construct the parent-child derivation relationship based on the inclusion relationship of "one theater contains three theater spaces". This derivation plays a significant role in optimization for the maintenance of the order table and the performance table. When the structure of the table is as simple as possible, the amount of data in a single table will be small, which can reduce index maintenance overhead and improve the query performance.

Performance table (PerformanceID, RentID, PerformanceName, PerformanceTime, PerformanceType, RemainingSeat, IsProfessional)
Rent_relation table (RentID, TheatreName, CompanyID)

R1: TheatreName= ' The main auditorium ' (Rent_relation)
R2: TheatreName = 'Dylan 1' (Rent_relation)
R3: TheatreName = 'Burton 2' (Rent_relation)
Reconstruction: R1  R2  R3
P1 = P ⊳TheatreName R1 (R1 is a horizontal fragment branch= The main auditorium)
P2 = P ⊳TheatreName R2 (R2 is a horizontal fragment branch= Dylan 1)
P3 = P ⊳TheatreName R3 (R3 is a horizontal fragment branch= Burton 2)
Reconstruction: P1  P2  P3
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