[bookmark: _Ref19457317]Abstract
To deal with the booking requirement form production companies and customers, this essay design a database for Abertawe Arts Centre to help solve the problem. The first chapter demonstrates and make comparison of SQL and NoSQL databases. The second chapter is aim to enhance the performance of query by building some appropriate secondary indexes. To improve the stability and consistency of data in database, the third chapter uses transactions to form logical unit of works to achieve this target. The last chapter applies four different methods of fragmentation to help distribute the whole database to different servers, which could get improvement in safety, degree of concurrency and efficiency.
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[bookmark: _Toc3296]1 SQL vs. NoSQL
[bookmark: _Toc11838]1.1 SQL Database
SQL Database is also called RDBMS(Rational DataBase Management System), and the biggest feature of this kind of database is that it can keep different kinds of complex relations among tables in it. 
SQL Database can handle structured data better. Compared to NoSQL Databsase, structured query statements are executed more efficiently and precisely. Due to the amount of structured data is not uncountable and the growth speed of it is predictable usually, thus, Rational Database is more suitable. RDBMS also focuses on transaction and emphasize on the ACID(Atomicity, Consistency, Isolation, and Durability) of transaction. If there are needs of this aspect when operating data, SQL DataBase is a better choice.
[bookmark: _Toc14102]1.2 NoSQL Database
NoSQL database refers to the non relational, distributed data storage system, which does not guarantee to follow the ACID principle. When cloud computing and big data era is arriving, SQL databases are gradually unable to follow the steps and meet the requirements. It is mainly due to growing semi relational and non relational data. Meanwhile, the emergence of new technologies, like distributed technology, also pushes the development of non relational database. Unlike traditional SQL databases, these databases highlight the high concurrency of operating large amounts of data. This kind of database is generally called NoSQL (not only SQL) database. 
[bookmark: _Toc14954]1.3 Differences 
1.3.1 Ways of storage
In terms of rational databases, data is usually stored as rows and columns in different kinds of tables.
While when it comes to NoSQL databases it does not feasible. Data in non relational databases can be stored as formats like key-values, columns, documents, and graphs.
1.3.2 Structures of storage
In SQL databases, data is stored int structured ways. Before storing data in a specific table, all the fields of it must have been defined. It means that the data stored in these tables is very stable and reliable. However, when you would like to change the structure of a table because of some demands, it is also very hard to do that .
Due to the requirements to handle large amounts of non structured data, No databases apply non-fixed structures. They can change storage structures according to various data.
1.3.3 Specifications of storage
In order to avoid redundancy and make the best use of space, data in SQL database is stored in the form of minimum relational tables. It is very suitable when the number of tables is not very large. If it involves lots of tables, the complex relations among them would would lead to data management become increasingly complex.
NoSQL databases use a method of centralized storage, it does divide data into many tables and store it as a whole. Although this way may cause redundancy and space waste, it is acceptable because of increasingly growing capacity of hardware, and this method can enable data reading and writing very efficient.
1.3.4 Extension 
The growing demands of extension capacity of database are pushed by the increasing speed of data production and the arrival of bigdata era, and ways of extension is a major feature to differ SQL and NoSQL databases.
The characteristics of ACID of relational database that made it popular is also a barrier to slow down the development of SQL database to some degree, because they are difficult to maintain in distributed environment.
NoSQL databases are distributed, and they are able to scale by adding servers to the systems which can increase their capacity and balance the load.
1.3.5 Query
SQL databases use structure query language to execute query statements, and the languages of different databases(such as Oracle, MySQL, Microsoft SQL Server ) developed by their companies follow the standard so that the languages are almost the same. It is very kind to developers and users since they have no need to learn different languages when they use different databases. SQL contains three parts: DDL(Data Definition Language), DML(Data Manipulation Language) and DCL(Data Control Language). DML includes the operations of SELECT, UPDATE, INSERT, and DELETE. DDL includes the operations of CREATE, ALTER, DROP and etc. DCL is used to alter the users or users’ authorities including the operations of GRANT, DENY, REVOKE and etc.
The languages used by NoSQL databases do not have a unified standard, and vary according to different databases. In comparison, the languages of NoSQL databases are easier and more precise than SQL.
1.3.6 Transaction
    Relational databases emphasize the ACID(Atomicity Consistency Lsolation Durability ),which is very necessary for complex queries with the demand of high stability and performance. With transaction, this kind of databases can greatly make sure the consistency of data, and if there is any error happening during the execution procedure which can be controlled by the change of atomic granularity, the transaction can be rolled back to keep data consistent.
    In comparison, NoSQL focus on BASE principal(Basically Available, Soft State, and Eventually Consistency ), which does not strictly require consistency and  contributes to stable and high-performance databases. Although transaction can also be used in the kind of databases, it can not be supported and operated very well due to the distributed trait. While NoSQL databases are really good at the handling of large numbers of data and scaling of databases.
1.3.7 Read/Write Performance 
Consistency is a very important concept in relational databases, to realize it databases sometimes have to cost a lot to reduce read/write performance. When these databases encounter massive messages in a short moment and have to deal with high concurrent demands, their performance and efficiency would decline sharply, although their good stability in dealing with common structural messages.
Comparing to its counterparts, NoSQL databases are really good at coding with big data, enormous daily produced unstructured messages, maintaining the high performance in the meanwhile. This is due to the data in the databases is stored in special formats, such as key-values, and this kind of data set format makes the databases easier to read and write or scale. What’s more, NoSQL databases would not paraphrase the messages and just recognize their specific delimiters and store them. All the above characteristics mean that NoSQL databases have incomparable advantages over SQL databases in reading/writing, retrieval, analysis, management of data.

 

[bookmark: _Toc26827]2 Performance Tuning
Secondary indexes are normally extra non-ordering keys,do not sort data in tables, apart from the primary keys of specific tables. Comparing to primary keys, they can improve the speed and efficiency of query to some degree. Nevertheless, the overhead to maintain non-clustered indexes, needing extra files to store, is another point that need to be paid attention.
[bookmark: _Toc16065]2.1 Secondary Index one:‘CustomerNo’ and ‘Password’
To book a ticket of a show or a performance, every customer need an account of Art Center. Once they finish the registration, they do not need to do it any more, because details of the customers have been stored into database, and these information of a certain person may not change usually. However, one customer could order many different shows, every time when they make a booking, they need a combination of ‘CustomerNo’ and ‘Password’ to verify their identities. To improve the query efficiency in massive customer information, and due to signing in do not need other fields, it is a good choice to build a ‘Index-Only Plan’ for ‘CustomerNo’ and ‘Password’. This query will execute very quickly, as it will access index file directly and has no need to search data files.
[bookmark: _Toc15104]2.2 Secondary Index two:‘ShowNo’
When customers finish the booking procedure, the Art Center booking system should output a ticket including detailed information of the show, such as name, start time and etc. Nevertheless, to meet the requirement of 3NF, table ‘CustomerBooking’ only contains the field ‘ShowNo’, a foreign key referenced from table ‘Show’. Therefor, ‘CustomerBooking’ have to join ‘Show’ to get the details of show every time. So, to accelerate the query with ‘join’, it is necessary to build a secondary for the foreign key ‘ShowNo’.
[bookmark: _Toc10123]2.3 Secondary Index three:’Attendance’
To attract more customers and sale more tickets, the analysis of historical data is very import for Art Center and companies. In order to find what kind of shows and what attributes of shows are attractive to customers, they usually need to use the field ‘Attendance’, which is a good indicator to show the popularity of shows. During the analysis, the query statements including ‘WHERE’ or ‘ORDER BY’ on field ‘Attendance’ are very useful. There is a need to build a secondary index on it because of frequent queries.
[bookmark: _Toc27397]3 Transaction
A transaction is a logical unit of work containing one or several read/write operations. The logical unit would be committed if all its parts have been successfully completed, or rolled back(aborted) if some parts of it failed even if just one of them. This function of database system meas a lot, which can keep reliability and maintain consistency of data in databases.
[bookmark: _Toc15987]3.1 Transaction one
In my database system, the time details of booked theatre, like start time and end time of the use of venue, are recorded in table ‘Show’, and the company booking details, such as which theatre company has rented are stored in table ‘CompanyBooking’. In order to ensure the two parts of booking information update simultaneously in two tables, and avoid the loss of order details, it is essential to use a transaction to contain the two statements of updating. This transaction can make sure two queries succeed at the same time, and if one of the query fail in the process, the transaction will do not execute the successful one as well, and roll back the transaction in the end.
[bookmark: _Toc32523]3.2 Transaction two
To prevent customers book an order of a show that has been registered successfully, customers booking action should be executed after that the Art Centre ticket system has checked the events customers would like to attend have been registered in system. It means that the system needs an transaction to guarantee accuracy of customer booking. If a customer booking a play that does not exist on the date the customer prefer, the updating statement would not be execute and roll back the transaction after checking the failure of show registration.
[bookmark: _Toc3919]4 Distributed Database Solution
In this case, fragmentation would be used to provide supports for the Art Centre database. Fragmentation is a method to split original table relations into several sub-relations and store them into different servers respectively. The proper use of fragments can improve the performance of database in the following aspects. Firstly, in many conditions, our queries only involve a small part of the database system, and there is no need to traverse all the data. So it is very necessary to divide the original data into sub data sets or tables into sub tables, which would reduce the overheads of searching the whole database. Secondly, different applications have different demands of a specific database. Distributing the parts of data to servers at or near the locations where it is frequently accessed. It means that the cost of remote I/O through network would be reduced, and improve the efficiency consequently. What’s more, distributed fragments can improve the safety of transactions executed parallelly, since distributed data is more suitable for concurrent operation than data on only one server. Last but not least, security is a major advantage of fragmentation. For every fragment, it is easier and more convenient to ensure it own more than one replications stored on different servers, that could deal with almost all of the accidents that would break databases.
[bookmark: _Toc8266]4.1 Horizontal Fragmentation
Form horizontal fragments based on ‘TheatreNo’.


	CompanyBookingNo
	CampanyNo
	TheatreNo
	TimeSlot
	StartDate
	CompanyBookingTime
	CancellationTime
	Discount
	Comments

	COB2012021
	CO20002
	T01
	1
	2020-12-02
	2020-11-20 15:00:00
	NULL
	NULL
	NULL

	COB2012031
	CO20003
	T01
	1
	2020-12-03
	2020-11-25 15:00:00
	NULL
	NULL
	NULL




	CompanyBookingNo
	CampanyNo
	TheatreNo
	TimeSlot
	StartDate
	CompanyBookingTime
	CancellationTime
	Discount
	Comments

	COB2012011
	CO20002
	T02
	1
	2020-12-01
	2020-11-20 15:00:00
	NULL
	NULL
	NULL

	COB2012041
	CO20001
	T02
	1
	2020-12-04
	2020-11-23 15:00:00
	NULL
	NULL
	NULL





	CompanyBookingNo
	CampanyNo
	TheatreNo
	TimeSlot
	StartDate
	CompanyBookingTime
	CancellationTime
	Discount
	Comments

	COB2012012
	CO20002
	T03
	1
	2020-12-01
	2020-11-20 15:00:00
	NULL
	NULL
	NULL

	COB2012051
	CO20004
	T03
	1
	2020-12-05
	2020-12-01 15:00:00
	NULL
	NULL
	NULL

	COB2012061
	CO20005
	T03
	1
	2020-12-06
	2020-12-02 15:00:00.0000000
	NULL
	NULL
	NULL


Ways to reconstruct the horizontal fragments:


[bookmark: _Toc16432]4.2 Vertical Fragmentation
Form vertical fragments based on major information and details of ‘CustomerBooking’.


	CustomerBookingNo
	CustomerNo
	ShowNo
	Area
	SeatNo

	CBN12011  
	CU20030
	S2012011
	Stalls         
	15

	CBN12015  
	CU20027
	S2012012
	Upper stalls   
	113

	CBN12023  
	CU20023
	S2012021
	Stalls seats   
	180

	CBN12034  
	CU20005
	S2012031
	Circle         
	105

	CBN12046  
	CU20012
	S2012041
	Upper stalls   
	42

	CBN12058  
	CU20040
	S2012051
	Stalls         
	43

	CBN12061  
	CU20035
	S2012061
	Stalls         
	19




	CustomerBookingNo
	Discount
	CustomerBookingTime
	CancellationTime
	Comments

	CBN12011  
	NULL
	2020-12-01 11:00:00
	NULL
	NULL

	CBN12015  
	NULL
	2020-12-01 09:00:00
	NULL
	NULL

	CBN12023  
	NULL
	2020-12-02 15:00:00
	NULL
	NULL

	CBN12034  
	NULL
	2020-12-02 12:00:00
	NULL
	NULL

	CBN12046  
	NULL
	2020-12-04 16:00:00
	NULL
	NULL

	CBN12058  
	NULL
	2020-12-05 08:00:00
	NULL
	NULL

	CBN12061  
	NULL
	2020-12-06 11:30:00
	NULL
	NULL


Ways to reconstruct the vertical fragments:



[bookmark: _Toc24426]4.3 Mixed Fragmentation
Form mixed fragments based on previous horizontal fragments CO3.

Major information 
	CompanyBookingNo
	CampanyNo
	TheatreNo
	TimeSlot
	StartDate

	COB2012012
	CO20002
	T03
	1
	2020-12-01

	COB2012051
	CO20004
	T03
	1
	2020-12-05

	COB2012061
	CO20005
	T03
	1
	2020-12-06


Details


	CompanyBookingNo
	CompanyBookingTime
	CancellationTime
	Discount
	Comments

	COB2012012
	2020-11-20 15:00:00
	NULL
	NULL
	NULL

	COB2012051
	2020-12-01 15:00:00
	NULL
	NULL
	NULL

	COB2012061
	2020-12-02 15:00:00.0000000
	NULL
	NULL
	NULL


Ways to reconstruct the mixed fragments:


[bookmark: _Toc24236]4.4 Derived Fragmentation
CompanyBooking is a parent relation to Show.Thus, joins between CompanyBooking and Show could be expected as companies booked shows.
It would also be useful for CompanyBooking and Show to use the same fragmentation strategy.


(CB1 is a horizontal fragment TheatreNo=T01)
	ShowNo
	ShowName
	ShowLevel
	TheatreNo
	StartTime
	EndTime
	Price
	Company
	Attendance

	S2012021
	La Bohème
	SL2
	T01
	2020-12-02 19:00:00
	2020-12-02 22:00:00
	30.00
	CO20002
	0.75

	S2012031
	Rigoletto
	SL2
	T01
	2020-12-03 19:00:00
	2020-12-03 22:00:00
	20.00
	CO20003
	0.82



(CB2 is a horizontal fragment TheatreNo=T02)
	ShowNo
	ShowName
	ShowLevel
	TheatreNo
	StartTime
	EndTime
	Price
	Company
	Attendance

	S2012011
	Carmen
	SL1
	T02
	2020-12-01 15:00:00
	2020-12-01 17:00:00
	9.00
	CO20002
	0.50

	S2012041
	Tosca
	SL1
	T02
	2020-12-04 19:00:00
	2020-12-04 21:00:00
	10.00
	CO20001
	0.70






(CB3 is a horizontal fragment TheatreNo=T03)
	ShowNo
	ShowName
	ShowLevel
	TheatreNo
	StartTime
	EndTime
	Price
	Company
	Attendance

	S2012012
	La Traviata
	SL1
	T03
	2020-12-01 19:00:00
	2020-12-01 21:00:00
	11.00
	CO20002
	0.88

	S2012051
	Don Giovanni
	SL1
	T03
	2020-12-05 19:00:00
	2020-12-05 21:00:00
	11.00
	CO20004
	0.66

	S2012061
	Il Barbiere Di Siviglia
	SL1
	T03
	2020-12-06 15:00:00
	2020-12-06 17:00:00
	10.00
	CO20005
	0.90


Ways to reconstruct the derived fragments:
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