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Abstract：Learned and organized advanced knowledge of SQL server, and applied relevant knowledge to better solve the Abertawe Art Centre problems given by the task.
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[bookmark: _Toc61673355]SQL and NoSQL
[bookmark: _Toc61673356]Definition
SQL(Structured Query Language) database refers to relational database. Main representatives: SQL Server, Oracle, MySQL (open source), PostgreSQL (open source).
NoSQL (Not Only SQL) generally refers to non-relational databases. Main representatives: MongoDB, Redis, CouchDB.
[bookmark: _Toc61673357]Differences
[bookmark: _Toc61673358]Storage
SQL data is stored in a table with a specific structure. NoSQL is more flexible and extensible. And the storage method of NoSQL can be saved in JSON documents, hash tables and other methods. SQL usually stores data in the form of database tables.The NoSQL storage method is more flexible, such as using JSON-like file to storage
[bookmark: _Toc61673359]Collection Data Relationship
In SQL, you must define the table and field structure before you can add data, such as defining the primary key, index, trigger, and stored procedure of the table. The table structure can be updated after it is defined, but it will become more complicated if there are major structural changes. In NoSQL, data can be added at any time and anywhere without the need to define tables first.
NoSQL can also create indexes in data sets. Taking MongoDB as an example, the unique value _id field will be automatically created after the data set is created, so that the index can be added after the data set is created.
From this point of view, NoSQL may be more suitable for projects with unclear or undecided initialization data.
[bookmark: _Toc61673360]External Data Storage
If external related data needed to be added in SQL, the standardized approach is to add a foreign key to the original table to associate the external data table. For example, it is necessary to add reviewer information to the borrowing table, first create a reviewer table, and then add the reviewer foreign key to the original borrower table. In this way, if we need to update the personal information of the reviewer, we only need to update the reviewer table instead of updating the borrower table.
In NoSQL, in addition to this standardized external data table approach, we can also use non-standardized methods to directly put external data into the original data set to improve query efficiency. The disadvantages are also obvious, and it will be more troublesome to update the reviewer's data.
[bookmark: _Toc61673361]JOIN Query in SQL
In SQL, you can use the JOIN table link method to query data in multiple relational data tables with a simple query statement.
NoSQL has not provided a query method similar to JOIN to query data in multiple datasets. Therefore, most NoSQL uses non-standardized data storage methods to store data.
[bookmark: _Toc61673362]Data Coupling
It is not allowed to delete external data that has been used in SQL to ensure data integrity.
There is no such strong coupling concept in NoSQL, and any data can be deleted at any time.
[bookmark: _Toc61673363]Transactions
In SQL, if the data of multiple tables need to be updated in the same batch, that is, if one of the tables fails to update, the other tables cannot be updated successfully. This scenario can be controlled by transactions, and the transaction can be submitted uniformly after all commands are completed.
There is no concept of transaction in NoSQL, and the operation of every data set is atomic.
[bookmark: _Toc61673364]Grammar
Obviously, the addition, deletion, modification and checking grammar are different between the two.
[bookmark: _Toc61673365]Query Performance
Under the premise of the same level of system design, because the consumption of JOIN queries is omitted in NoSQL, the theoretical performance is better than SQL. 
[bookmark: _Toc61673366]Applicability
SQL and other relational databases are suitable for storing structured data, such as user accounts and addresses:
1) These data usually need to be structured queries, such as join, at this time, the relational database will win
2) The scale and growth rate of these data are usually predictable
3) Transactional and consistent
4) 
NoSQL is suitable for storing unstructured data, such as articles and comments:
1) These data are usually used for fuzzy processing, such as full-text search, machine learning
2) These data are massive, and the growth rate is unpredictable,
3) According to the characteristics of the data, NoSQL databases usually have unlimited (at least close to) scalability
4) The efficiency of obtaining data by key is very high, but the support for join or other structured queries is relatively poor.

Based on their different scope of application, the current mainstream architecture will only adopt a combination scheme, and one cannot be less. So far, there has not been a database that can be applied to various scenarios, and according to the CAP theory, such a database does not exist. 
[bookmark: _Toc61673367]SQL Server Indexes Level 2
[bookmark: _Toc61673368]Benefits of Nonclustered Index
The non-clustered index stores the index keys in order, and accesses the real data in the table by marking. You can think of bookmarks as a kind of pointer.
In addition, the entry of SQL Server's non-clustered index has some internal header information and some optional data values. These will be introduced in the following articles, and they are not the focus now.
The key allows SQL Server to find the appropriate index entry, and the entry label allows SQL Server to access the row data corresponding to the table. 
An index’s entries are sequenced by index key value(s), so SQL Server can rapidly traverse The entry of the index is ordered, so SQL Server can quickly locate the entry. The scan can start from the head, the tail, or the middle.
Therefore, if a query, request all Contact users whose LastName starts with S (where lastname like's%'). SQL Server will quickly locate the record at the beginning of the first S, and then use the index to access the data row using the label until the record at the beginning of the first T. If the selected columns are included in the index, the above query will execute faster.
Many SQL operations can benefit from indexes, including: ORDER BY, GROUP BY, DISTINCT, UNION (not UNION ALL ), JOIN ... ON.
We know that non-clustered indexes have the following benefits:
· It is a collection of ordered entries.
· Each row in the table has an entry.
· Contains an index key and a label.
· The user is responsible for creating.
· SQL Server to maintain.
· SQL Server is used to minimize query attempts to satisfy customer requests.
[bookmark: _GoBack]When a request arrives at the database, SQL Server has only three ways to access the data:
i. Access non-clustered indexes, avoid accessing tables. This only happens when the index contains all the data in the request.
ii. Access the non-clustered index through the index key, and then use the label to access the row data in the table.
iii. Ignore the non-clustered index, scan the table to find the requested row data.
Generally speaking, the first is ideal, and the second is better than the third.[1]
[bookmark: _Toc61673369]Nonclustered Index I built
[bookmark: _Toc61673370]IX_Booking
CREATE NONCLUSTERED INDEX [IX_Booking] ON [Book]
(
	[venueid] ASC,
	[starttime] ASC,
	[endtime] ASC
)
When a company comes to book a theater rehearsal, the system needs to be able to check the theater’s reservation immediately, so as not to rent the same day to two companies for rehearsal.
[bookmark: _Toc61673371]IX_SellTickets
CREATE NONCLUSTERED INDEX [IX_SellTickets] ON [SellTickets]
(
	[venueid] ASC,
	[workid] ASC,
	[showdate] ASC
)
When a customer comes to buy tickets, the system needs to be able to immediately retrieve whether the theater has the show on that date based on the theater, repertoire, and time selected by the customer, so as to avoid the customer from book tickets items that are not registered as event.
[bookmark: _Toc61673372]IX_Seats
CREATE NONCLUSTERED INDEX [IX_Seats] ON [Seats]
(
	[venueid] ASC
)
According to the theater, customers can quickly check the total number of seats in the corresponding theater and what type they belong to, so that customers can choose seats they like.
[bookmark: _Toc61673373]Transactions
[bookmark: _Toc61673374]Lacking of the specific date(s)
CREATE TABLE [Book](
	[bookid] [int] IDENTITY(1,1) NOT NULL,
	[companyid] [int] NOT NULL,
	[venueid] [int] NOT NULL,
	[workid] [int] NOT NULL,
	[starttime] [date] NOT NULL,
	[endtime] [date] NOT NULL,
	[payment] [decimal](18, 0) NOT NULL,
 CONSTRAINT [PK_Book] PRIMARY KEY CLUSTERED 
(
	[bookid] ASC
)
The create SQL code of the booking table is shown as above. I set ‘starttime’ and ‘endtime’ can not null. So that, the registered records that production companies book venues would not lack the details of the specific date(s) requested by in the system.
[bookmark: _Toc61673375]Booking tickets items that are not registered as event
CREATE TABLE [Showdate](
	[dateid] [int] IDENTITY(1,1) NOT NULL,
	[workid] [int] NOT NULL,
	[venueid] [int] NOT NULL,
	[showdate] [date] NOT NULL,
 CONSTRAINT [PK_Showdate] PRIMARY KEY CLUSTERED 
(
	[workid] ASC,
	[venueid] ASC,
	[showdate] ASC
)
In order to avoid the customer from book tickets items that are not registered as event, I created a table named ‘Showdate’ as above. The primary key of the table is consisted of ‘workid’, ‘venueid’, and ‘showdate’. It also was a foreign key in ‘SellTickets’.If the combination did not exist in the table ‘Showdate’, which means the venue would not play the production on that day, it would throw errors, show the error message and rollback.
begin try  
	begin tran
	INSERT INTO dbo.SellTickets(venueid, workid, seatid, showdate, payment)
	VALUES(1, 1, 10, '2021-01-15', 10);
	commit tran
end try
begin catch
   select Error_number() as ErrorNumber, 
          Error_severity() as ErrorSeverity, 
          Error_state() as ErrorState , 
          Error_Procedure() as ErrorProcedure , 
          Error_line() as ErrorLine,
          Error_message() as ErrorMessage 
   if(@@trancount>0) 
      rollback tran  
end catch
[bookmark: _Toc61673376]Distributed Database Solution
[bookmark: _Toc61673377]Fragmentation Strategy Definition
Types of:
i. [bookmark: _Hlk61668780]Horizontal fragmentation: According to certain conditions, all tuples of the global relationship are divided into a number of disjoint subsets, and each subset is a fragment of the relationship.
ii. [bookmark: _Hlk61671526]Vertical fragmentation: divide the attribute set of a global relationship into several subsets, and perform projection operations on these subsets. Each projection is called vertical slicing.
iii. Mixed fragmentation: a combination of the above three methods. It can be sliced ​​horizontally and then vertically, or vertically and then horizontally, or other forms, but their results are not the same.
iv. Derived fragmentation: also known as derived horizontal fragmentation, that is, the condition of horizontal fragmentation is not the condition of this relationship attribute, but the condition of other relationship attributes.
Condition:
i. Completeness conditions: All data of the global relationship must be mapped to fragments, and data that belongs to the global relationship but does not belong to any fragment of it is never allowed.
ii. Reconfigurable condition: It must be ensured that the global relationship can be reconstructed by each segment of the same global relationship. For horizontal shards, it can be used to reconstruct the global relationship; for vertical shards, the join operation can be used to reconstruct the global relationship.
iii. Disjoint condition: It is required that the data fragments obtained after a global relationship is divided do not overlap with each other (except for the primary key of vertical fragmentation).
[bookmark: _Toc61673378]Best Fragmentation Strategy
The venue table structure should be as Table 1.
[bookmark: _Ref61671300]Table 1 The structure of table seats
	Id
	venueName
	seatNo
	seatType
	seatTicket
	bookFee
	Starttime
	endtime

	int
	Varchar(50)
	Int
	Varchar(50)
	float
	float
	Date
	date



According to the meaning of the question, I used the horizontal fragmentation firstly to create a table for each of the three venues.
Table 2 The table seats of the main auditorium
	Id
	venueName
	seatNo
	seatType
	seatTicket
	bookFee
	Starttime
	endtime

	
	The main auditorium
	1~100,
151~250
	Stalls seats
	9
	1000
	
	

	
	The main auditorium
	101~150
	Circle
	8
	1000
	
	

	
	The main auditorium
	251~500
	Back stall
	6
	1000
	
	


Table 3 The table seats of Venue Dylan
	Id
	venueName
	seatNo
	seatType
	seatTicket
	bookFee
	Starttime
	endtime

	
	Dylan
	1~30
	Stalls seats
	9
	300
	
	

	
	Dylan
	31~60
	Upper stalls
	5
	300
	
	


Table 4 The table seats of Venue Burton
	Id
	venueName
	seatNo
	seatType
	seatTicket
	bookFee
	Starttime
	endtime

	
	Burton
	1~60
	Stalls seats
	9
	300
	
	

	
	Burton
	61~160
	Upper stalls
	5
	300
	
	


After that, I could use seatType as the predicates to apply vertical fragmentation. The table Seats were divided into the table Seats1 and the table SeatType.
Table 5 The table Seats1 of the main auditorium
	Id
	venueName
	seatNo
	bookFee
	Starttime
	endtime

	
	The main auditorium
	1~500
	1000
	
	


Table 6 The table Seats1 of Venue Dylan
	Id
	venueName
	seatNo
	bookFee
	Starttime
	endtime

	
	Dylan
	1~30
	300
	
	


Table 7 The structure of table Seats1 of Venue Burton
	Id
	venueName
	seatNo
	bookFee
	Starttime
	endtime

	
	Burton
	1~160
	300
	
	


Table 8 The table SeatsType
	seatTypeId
	seatTypeName
	seatTicket

	1
	Stalls seats
	9

	2
	Circle
	8

	3
	Back stall
	6

	4
	Upper stalls
	5


The next concrete will not repeat them.
The final tables used both horizontal fragmentation and vertical fragmentation. Thus, I chose and thought the most suitable fragmentation schema for the system was mixed fragmentation.
[bookmark: _Toc61673379]Distribution Design Model (seats)


Figure 1 Distribution design model (part)
I reconstructed my tables based on the fragmentation. Please check the .sql files of my database sql to see that.
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