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[bookmark: _Toc61553379]Abertawe Arts Centre Case Study
[bookmark: _Toc61553380]SQL and NoSQL
NoSQL is a non-relational database, a general term for database management systems that are different from traditional relational databases.
The main differences between SQL and NoSQL are:
	· Use tables to store data
· Need to define the table before using the table
· Use normalization to reduce data redundancy
· Support the use of JOIN operations, use one SQL statement to retrieve data from multiple tables
· Need to meet data integrity constraints
· Use transactions to ensure data consistency
· Use SQL language for query operations
· Provide a lot of support, professional skills and auxiliary tools
	· Use JSON-like documents to store key-value pairs
· No specific pattern is required to store data
· Use non-standardized standards to store information to ensure that a document contains all the information of an item
· No need to use JOIN operation
· Allow data to be stored in any location after passing verification
· Guaranteed to update a single document, not multiple documents
· Provide excellent performance and scalability
· Query using JSON data objects


In the case of Abertawe Art Center, the demand is constant. The orders for the venue are all pre-booked, and the venue ID is also used in other tables, such as the venue reservation table, which has strict requirements for data integrity. So SQL database is more suitable for this case. NoSQL databases are suitable for those with high requirements for speed and scalability, and uncertain and evolving needs. Obviously, they are not suitable for the Abertawe Art Center case.
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Code as follows
CREATE NONCLUSTERED INDEX IX_venue_booking_venueid ON venue_booking(venueid);
CREATE NONCLUSTERED INDEX IX_bookingdate_bookdate ON bookingdate(bookdate);
CREATE NONCLUSTERED INDEX IX_ticket_ticketdate ON ticket(ticketdate); 
When a customer purchases a ticket, he needs to query the venue_booking and bookingdate tables first to determine whether there are events in a certain venue on a certain date. The query fields are venueid and bookdate.
[bookmark: _Toc61553383]Transaction for problem a 
Venue bookings are recorded but the details of the specific date(s) requested by the production companies are not registered in the system. Delete the foreign key constraint and insert: insert into bookingdate VALUES ('6','2021-01-08',1); in PROCEDURE, the primary key of bookingdate conflicts, verification rollback. 
Code as follows:
alter table bookingdate drop constraint FK__bookingda__booki__2C3393D0;
CREATE PROCEDURE [dbo].[bookvenue]
@venueid char(1),
@companyname varchar(20),
@levels varchar(12),
@bookdate date,
@days int,
@cost int,
@Result int output
AS
BEGIN
    IF((SELECT count(*) FROM venue_booking t1,bookingdate t2
	    WHERE t1.bookid=t2.bookid
		  and t1.venueid=@venueid
		  and bookdate between @bookdate and DATEADD(DAY,@days-1,@bookdate))=0)
    BEGIN
	    declare @bookid varchar(10)
		set @bookid = (select max(bookid) from venue_booking)+1
        BEGIN TRANSACTION
            BEGIN TRY
                INSERT INTO venue_booking VALUES (@bookid,@venueid,@companyname,@levels);
                insert into bookingdate VALUES ('6','2021-01-08',1);
			    WHILE @days>0
				BEGIN
                    INSERT INTO bookingdate 
VALUES(@bookid,DATEADD(DAY,@days-1,@bookdate),@cost)
					SET @days=@days-1
				END
            END TRY
            BEGIN  CATCH
                IF(@@TRANCOUNT>0)
                BEGIN
                    SET @Result=-1
                    PRINT ' Transaction execution error, rollback '
                    ROLLBACK TRANSACTION
                END
            END CATCH
        IF(@@TRANCOUNT>0)
        BEGIN
            SET @Result=1
            PRINT ' Everything is executed as expected '
            COMMIT TRANSACTION
        END
    END
    ELSE
    BEGIN
        PRINT 'venue has being booked'
        SET @Result=0
    END
END
 
GO
DECLARE @return_value int,
        @Result int
EXEC    @return_value = [dbo].[bookvenue]
        @venueid ='2',
        @companyname='COMPANY B',
        @levels='professional',
        @bookdate='2021-01-07',
        @days=10,
        @cost=100,
        @Result = @Result OUTPUT
 
SELECT  @Result as N'@Result' -- The return result is -1
select * from venue_booking;  -- No record with bookid 6
select * from bookingdate;    -- No record with bookid 6
[bookmark: _Toc61553384]Transaction for problem b
 Customers are able to book tickets items that are not registered as event:
Code as follows:
CREATE PROCEDURE [dbo].[buyticket]
@venueid char(1),
@ticketdate date,
@clientname varchar(20),
@seatno int,
@price decimal(4,2)
AS
BEGIN
BEGIN TRANSACTION
insert into ticket VALUES (@venueid,@ticketdate,@clientname,@seatno,@price);
IF (
        (SELECT count(*) FROM venue_booking t1,bookingdate t2
	    WHERE t1.bookid=t2.bookid
		  and t1.venueid=@venueid
		  and bookdate=@ticketdate)=0
    )
BEGIN
        ROLLBACK TRANSACTION
    END
    ELSE
    BEGIN
        COMMIT TRANSACTION
    END
END
GO
EXEC  [dbo].[buyticket]  '2', '2021-01-04', 'Alice', '4', '11'
-- Use select * from ticket to view the successful addition
EXEC  [dbo].[buyticket]  '3', '2021-01-05', 'Alice', '4', '15'
-- Use select * from ticket to view the unadded records, the rollback is successful
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[bookmark: _Toc61553386]Abstract
In the distributed database design of the Abertawe Art Center case, the Top-Down design scheme was adopted. Starting from demand analysis, a series of design processes such as conceptual design, pattern design, fragmentation design are carried out. This scheme is suitable for the distributed database design of the Abertawe Art Center Information System.
[bookmark: _Toc61553387]Distributed database design
Design goals of the main auditorium information center
In this case, the main auditorium information center is the core of the entire distributed database system. It includes basic information maintenance subsystem, booking subsystem, drama ticket subsystem and query subsystem.
In this case, the main auditorium information center stores customer information for the art center, ticket information for each venue, information for each venue, and booker information for each venue.
Design goals of Dylan 1 and Burton 2 Information Center
The design of Dylan 1 and Burton 2 information centers tends to be applied locally, while ensuring that they support global applications. The database systems of Dylan 1 and Burton 2 Information Centers only contain part of the theater ticketing subsystem. Among them, the booking information and booking management of the venue are managed by the main auditorium information center to ensure effective control of the main auditorium information center of each venue.
According to the specific functions and business requirements of Dylan 1 and Burton No. 2, each venue is designed to store only the ticket information of the venue.
Conceptual structure design
In this case, the defined entities include tickets, venues, bookers, and customers. The entity attribute diagram is as follows:


Figure 1:  Ticket entity attributes


Figure 2:  Venue entity attributes


Figure 3:  Booker entity attributes


Figure 4:  Customer entity attributes
According to the business requirements of the system, the Main Auditorium Information Center and Dylan No. 1 and Burton No. 2 Information Centers respectively sell theater tickets and manage the information of their respective customers. The Information Center of the Main Auditorium is responsible for contacting venue bookers to make reservations, while Dylan 1 and Burton 2 Information Centers are not involved in venue reservations.
Logical structure design
In this system, the data structure of the data is converted into the 3NF. Through the above analysis, the entities in the system, their attributes and the connections between entities can be transformed into the following relationship model:
Ticket (TicketID, Ticket venue, Actor name, Drama name, The category and level of the drama, Ticket price, Quantity)
Venue (VenueID, BookingTime, Address, Phone)
Booker (BookerID, BookerName, Address,Phone, Performance team, BookVenue)
Venue (venueID, BookingTime, Address, Phone)
Customer (CustomerID, Name, Sex, Phone, The venue where the seat is located)
According to the requirements of this case and the relational model of this case we build a database. The structural design of this database is shown in Table 1 to Table 6.
	Column 
	Datatype
	Length
	NullOrNot
	Comment

	TicketID
	int
	30
	N
	PK

	Ticket venue
	int
	30
	N
	PK

	Actor name
	varchar
	50
	N
	

	Drama name
	varchar
	50
	N
	

	The category and level of the drama
	varchar
	50
	N
	

	Ticket price
	int
	30
	N
	

	Quantity
	int
	30
	N
	


Table 1: Ticket information table
	Column
	datatype
	Length
	NullOrNot
	Comment

	VenueID
	int
	30
	N
	PK

	BookingTime
	date/time
	30
	N
	

	Address
	varchar
	50
	N
	

	Phone
	int
	50
	N
	


Table 2: Venue information table
	Column
	datatype
	Length
	NullOrNot
	Comment

	BookerID
	int
	30
	N
	PK

	BookerName
	varchar
	50
	N
	

	Address
	varchar
	50
	N
	

	Phone
	int
	50
	N
	

	Performance team
	varchar
	50
	N
	

	BookVenue
	varchar
	50
	N
	


Table 3: Booker information table
	Column
	datatype
	Length
	NullOrNot
	Comment

	CustomerID
	int
	30
	N
	PK

	Name
	varchar
	50
	N
	

	Sex
	varchar
	50
	N
	

	Phone
	int
	50
	N
	

	The venue where the seat is located
	int
	30
	N
	


Table 4: Customer information table
The logical structure design of the Abertawe Art Centre case adopts normalization theory, optimizes the data model, and meets the requirements of the 3NF. In this case, the following designs are executed based on this logical design structure.
This case is the distributed database design of the management information system of the Abertawe Art Centre. It is necessary to design the relationship in the form of fragments according to the logical structure of each table and the requirements of distributed design, that is, store data in fragments and process them in a distributed manner. In terms of data, in order to solve the shortcomings of traditional centralized processing methods, the fragmented design process in this case is discussed in detail below.
Fragmented design
Fragmentation is the process of subdividing a global object into several logical fragments. There are two basic data fragmentation methods, horizontal fragmentation and vertical fragmentation. Horizontal fragmentation is equivalent to a subset obtained by selecting an instance of a global object; vertical fragmentation is equivalent to projecting a global object on its attribute set.
Based on the above analysis, in this case , the logical relationship model obtained is designed in fragments. According to the principles of information centre design and venue design, taking the ”ticket” relationship as an example, the general information centre stores the ticket information of all venues, and the sub-information centre only stores the ticket information of the venue. Therefore, for the” ticket” relationship, the different values of the attribute ’Ticket venue’ are used as the fragmentation conditions, and the horizontal fragmentation is performed to obtain different logical fragments.
In this case, there is 1 Information Centre Headquarters and 2 Information Centre Branches. The value of the “Ticket venue” attribute of the Information Centre Headquarters is 0, and the value of the “Ticket venue” attribute of the Information Centre branch is 1 respectively. And 2. Part of the tuples of the "drama ticket" relationship table are shown in Table 5. The Information Centre headquarters stores the “ticket” relationship table.
	TicketID
	Ticket venue
	Drama name
	Actor name
	The level of the drama
	Ticket price
	Quantity

	0001
	0
	Titanic
	Kate Winslet
	professional
	￡50
	100

	0002
	0
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	20

	0002
	1
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	15

	0002
	2
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	22

	0003
	0
	Peking Opera
	Mei Lanfang
	professional
	￡30
	200

	0003
	1
	Peking Opera
	Mei Lanfang
	professional
	￡32
	110

	0003
	2
	Peking Opera
	Mei Lanfang
	professional
	￡32
	150

	0004
	0
	Doctor Who
	Mandip Gill
	amateur
	￡9
	25

	0005
	1
	The Big Bang Theory
	Jim Parsons
	amateur
	￡11
	10

	0006
	   2
	Two Broke Girls
	Kat Dennings
	professional
	￡35
	22


Table 5 Partial tuples in the ticket relationship
There are 6 kinds of drama tickets in the relationship table, namely “Titanic”, “ The Shawshank Redemption”, “Peking Opera”, “Doctor Who”, “The Big Bang Theory ” and “Two Broke Girls ”, various drama tickets They are sold in different venues. For example, “Titanic” is only sold in the main hall, while “ The Shawshank Redemption” is sold in the main hall and Dylan 1 and Burton 2.
Horizontal Fragmentation design for the relationship of “ticket”:
Fragmentation attributes: Ticket venue
Fragmentation conditions: Ticket venue=0; Ticket venue=1; Ticket venue=2
The content of each sub-relationship is shown in Table 6 to Table 10. Each Information Centre branch stores the Fragmentation relationships belonging to their respective venues.
	TicketID
	Ticket venue
	Drama name
	Actor name
	The level of the drama
	Ticket price
	Quantity

	0001
	0
	Titanic
	Kate Winslet
	professional
	￡50
	100

	0002
	0
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	20

	0003
	0
	Peking Opera
	Mei Lanfang
	professional
	￡30
	200

	0004
	0
	Doctor Who
	Mandip Gill
	amateur
	￡9
	25


Table 6:Tickets for the main auditorium
	TicketID
	Ticket venue
	Drama name
	Actor name
	The level of the drama
	Ticket price
	Quantity

	0002
	1
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	15

	0003
	1
	Peking Opera
	Mei Lanfang
	professional
	￡32
	110

	0005
	1
	The Big Bang Theory
	Jim Parsons
	amateur
	￡11
	10


Table 7:The ticket relationship of Dylan 1
	TicketID
	Ticket venue
	Drama name
	Actor name
	The level of the drama
	Ticket price
	Quantity

	0002
	2
	The Shawshank Redemption
	Tim Robbins Morgan Freeman
	amateur
	￡11
	22

	0003
	2
	Peking Opera
	Mei Lanfang
	professional
	￡32
	150

	0006
	   2
	Two Broke Girls
	Kat Dennings
	professional
	￡35
	22


Table 8:The ticket relationship of Burton 2
The relationship between each fragmentation and the overall table is the same, and the union of each table is the global relationship of ”ticket” ; the intersection between each fragmentation is empty, so it meets the definition of fragmentations and the design of the main auditorium Information Centre and Dylan Design requirements for No. 1 and Burton No. 2 Information Centres.
The information centre of the main auditorium and the information centres of Dylan 1 and Burton 2 store the information of each venue to facilitate the contact of each venue. Therefore, there is no need to design fragments for the “ Venue ” relationship, and each venue is copied and stored separately. Some tuples of the Venue relationship are shown in Table 9:
	VenueID
	Address
	Phone
	BookingTime

	0
	Main auditorium
	
	2021/01/01

	1
	Dylan 1
	
	2021/01/02

	2
	Burton 2
	
	2021/01/03


Table 9:Some tuples in Venue relationship
According to the design requirements of the main auditorium information centre headquarters and Dylan 1 and Burton 2 information centre branches, only the main auditorium information centre headquarters stores the information of the reservations of each venue, so there is no need to design the “Booker” fragmentation relationship, only store its relationship summary table in the information centre. Some tuples of the “Booker” relationship are shown in Table 10:
	BookerID
	BookerName
	Address
	Phone
	BookVenue
	Performance team

	100
	Tim
	XXX
	
	Main auditorium
	123 Performance group

	101
	John
	XXX
	
	Main auditorium
	456 Performance group

	102
	Sean
	XXX
	
	Main auditorium
	789 Performance group


The fragmentation design of the “Customer” relationship uses the “The venue where the seat is located ” as the fragmentation attribute, and the fragmentation is carried out according to the conditions of belonging The venue where the seat is located =0, The venue where the seat is located =1, The venue where the seat is located =2.
Each venue stores its own customer information, that is, the main auditorium only stores the customer information of the main auditorium, and Dylan No. 1 and Burton No. 2 only store their respective customer information. The partial tuples of the total logical relationship are shown in Table 11. The fragmentation relationship is shown in Table 12 to Table 14.
	CustomerID
	Name
	Sex
	Phone
	The venue where the seat is located

	3001
	Jessica
	Female
	
	0

	3002
	Lucy
	Female
	
	0

	3003
	Amanda
	Female
	
	1

	3004
	Andrew
	Male
	
	1

	3005
	Sarah
	Female
	
	2

	3006
	Edward
	Male
	
	2


Table 11:Some tuples in the customer relationship
	CustomerID
	Name
	Sex
	Phone
	The venue where the seat is located

	3001
	Jessica
	Female
	
	0

	3002
	Lucy
	Female
	
	0


Table 12:Customer relationships stored in the main auditorium
	CustomerID
	Name
	Sex
	Phone
	The venue where the seat is located

	3003
	Amanda
	Female
	
	1

	3004
	Andrew
	male
	
	1


Table 13:Customer relationships stored in Dylan 1
	CustomerID
	Name
	Sex
	Phone
	The venue where the seat is located

	3005
	Sarah
	Female
	
	2

	3006
	Edward
	Male
	
	2


Table 13:Customer relationships stored in Burton 2
[bookmark: _Toc61553388]Summary
The distributed database design process is based on the requirements of distributed applications, conforms to the principle of distributed transparency, meets the design requirements of the entire database system that is physically dispersed and logically unified, and can basically realize the user's functional requirements, improve work efficiency, and solve the original concentration The transmission bottleneck problem of type processing, the effective use of local data to process resources, so that the system basically achieves load balancing.
However, this design still has some flaws. Each fragment can be further divided according to the principles of horizontal fragmentation and vertical fragmentation to further reduce network transmission.
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