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[bookmark: _Toc61633883]Abstract
As data has become more important than any other things in the world, the need to store this data has become more required, and here comes the role of organizing this data through Database Management System, which it is a software created to manage, store, define and retrieve data in a database. 
The database management system mainly acts as an interface between the end-user and the database, managing the data, the database engine and the database schema simultaneously in order, allowing users or developers to organized and systematic path to create, read, update, manage, delete and retrieve data to facilitate data organization and manipulation.

[bookmark: _Toc61633884]Introduction:
This report has cover briefly the difference between both database SQL and NoSQL providing an example of the use of each one of them, and what the performance tuning (index) in the database and how he used them in the practical side with the giving scenario in Abertawe Arts Centre Case Study and a description of the importance of each index that used, including with the solutions of the transaction and the distributed database that has been used in the case scenario.


1. [bookmark: _Toc61633885]SQL vs. NoSQL
In this section, the author highlighted the difference between SQL and NoSQL providing the different sides of both of them starting by:
[bookmark: _Toc61633886]1.1 Data structure:
The SQL is a relational database and it’s a table-based which every row in SQL database is an independent entity like an Account table, and each column is an attribute that explains this table for example (First Name, Secoun Name, Phone Number, Email Address, address and so on),  Because of the distinct and organized connections between the rows and columns in the table, SQL database considered as the preferable one when we need ACID compliance which ACID represents Atomicity, Consistency, Isolation, Durability, so SQL is a great fit for transaction-oriented systems and preferable choice for the applications that required multi-rows transaction, for example, a customer relationship management tools, or for legacy systems that were built for relational structure or accounting system[1][2],
While NoSQL databases eschew the highly structured relational model and the databases are either document-based, key-value pairs,  wide-column stores or graph-based, which that means the data that saved in a NoSQL does not need previously prepared and provide more flexibility and can make records without accurately defining their framework upfront, Also, records that have their own unique structure can be saved and fields added to the database without changing existing document fields. NoSQL databases have been created with flexibility and scalability in mind, following the BASE Consistency Mode[3], meaning that: 
Basic Availability: The database methods concentrate on data availability even when there are multiple failures
Soft state: The condition of the database can be changing over time.
Eventual consistency: the requirements that NoSQL databases only required regarding consistency is that the database become consistent at the end, and the data will be ubiquitous  in the future at some point[4].
So, NoSQL database  is considered to be much better to store unstructured data such as social media posts, article content, sensor data and any other type of data that won't fit neatly into a table.
[bookmark: _Toc61633887]1.2 Ability to query data
Because SQL database is structured and organized, this means that it is more efficient and effective in querying data, so SQL executes queries, retrieves data efficiently, and quickly edits data. It is easy to learn because it is very lightweight and illustrative, so inquiries can triggered by lower technical personnel such as business-analysts and marketers[4].
While on the other hand, querying in NoSQL is not effective as it is with the SQL database due to the potential big differences in data structures, it also provides a large amount of flexibility in the data type that can be stored in the database, so running queries in NoSQL means Performing additional processing on the data and usually that needs data scientists or developers, which of course that lead to be to less efficient and cost more at the same time. [5].
[bookmark: _Toc61633888]1.3 Scalability
SQL databases scale vertically, that means the SQL database scale is not easy, as it was prepared to work on a single server to maintain data integrity, so to scale database, it requires an increase the capacity of a single server such as (CPU, RAM or SSD) [2].
The big feature that NoSQL has more than SQL database is that the scalability in NoSQL databases is horizontal, and that means more servers can be gathered to the growing data. Since NoSQL demands extremely less structure than SQL database, each saved object is largely self-contained and standalone. therefore, the objects can be stored easily on many servers without the link them to each other [6][7]. 

2. [bookmark: _Toc61633889]Performance Tuning (Index)
[bookmark: _Toc61633890]1.1 What is Index in SQL database 
The index in the database means is a pointer, which is the same as the index in the dictionary or a book as when we need to find and a specific page or chapter we can easily look at the index of this book to find straight away the number of the page required and through the index we can also indicate the location of the chapter without spending more effort to search each page in the book to find what we are looking for, so the same thing in the database the index works to improve the performance-tuning of a query in an efficient way to speed up the searches of the specific info we need from the database[8][9][10].
Indexes in SQL:
- A database structure that arranges the values of one or more columns in a specific order.
- Index sorts the data first and then assigns an ID to each row
- The ability to find the data quickly with less effort
[bookmark: _Toc4006878]Type of indexes:
There are few different types of indexes that exist in SQL database[11][12]: 
· Non-clustered Index.
· Clustered Index.
· Spatial Index.
· Unique Index.
· Full-text Index.
· Filtered Index.
· XML Index.
· Hash Index.
· Columnstore Index.	
[bookmark: _Toc61633891]1.2 Indexes in Abertawe Arts Centre scenario:
[image: ]
[bookmark: _Toc61633908]Figure 1: Indexes in Abertawe Arts Centre using Excel.

[bookmark: _Toc4006880][bookmark: _Toc61633892]1.3 Abertawe Arts Centre scenario Database Tests:
	Reason
	Before index
	After index

	
· Customer Table
First name and surname Columns :
Making the columns (first name, surname) as an index to allow the user to quickly search for the name, which is arranged alphabetically, and it can also be in an opposite way such as (surname and then first name) that depends on the company.
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· Customer 
Registration_Date Column :
Registration Date column: Will organise the date data from the oldest to newest or newest to oldest, as some companies give a discount for old customers which this index insure to include all customers from a certain period of time.
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· Show Table
Show Name Column:
To search to in show name using alphabetical order 
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· Show Table
Show Type Column:
To group all the show types together to make it easier for the user to search by type 
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· Production Company Table
Company Name Column: 
To search by the company name in alphabetically order.
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· Venue Booking Table
Start date column: 
To group all the start date of the venue booking from oldest date to the newest one
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[bookmark: _Toc61633909]Table 1: Before and after the Indexes in Abertawe Arts Centre.





3. [bookmark: _Toc61633893]Transaction
[bookmark: _Toc61633894]3-1 Transaction Solution for the issue -- A --
    For the solution of the first problem that faced the case scenario: 
· The author has used the try/catch statement which it is starting a transaction to insert data, and if it fails it rolls back (screenshot below) with a testing function.
[image: ]

[bookmark: _Toc61633895]3-2 Transaction Solution for the issue -- B –
    For the solution of the Second problem that faced the case scenario: 
· What the author tried to do to solve this issue by using transaction is, using insert a new booking to the database and then by using if statement to catch if the event exist by using (ShowID) as an ID which its represent each event in the Theatre, if the value is null in the ShowID or different from the record the transaction will rollback and give an error that the event is not exist, other ways the insert will execute successfully. 
[image: ]


4. [bookmark: _Toc61633896]Distributed Database Solution
In Database Management System we have two types of database the first one Centralised and second one is Distributed Database, and the difference between both of them is that in the centralised database we have one database file or a single logical database located at one site but with the distributed database we have multiple database files, which means that splitting a database into multiple parts and allow the users to access to their site and remote sits as well[13].
So basically, distributed database consists of two or more files located at different sites on a network for example in different departments or different sections and they need to by synced at the end of the day.
The advantages of having multiple database files means that users won’t interfere with each other when accessing/manipulating data, and also it much faster as since files are retrieved from nearest location, moreover if one site fails the system can still running[14][15]. 
[bookmark: _Toc61633897]4.2 Distributed Database Solution for Abertawe Arts Centre		
I. [bookmark: _Toc61633898]Horizontal fragmentation
Show Table
Use primary horizontal fragmentation for Show with minterm predicates:
	S1	VenueID = ‘Main Auditorium ’ and ProductionLevel = ‘Professional’
	S2	VenueID = ‘ Main Auditorium ‘ and ProductionLevel = ‘Amateur’
	S3	VenueID = ‘ Dylan 1‘ and ProductionLevel = ‘Professional’
	S4	VenueID = ‘ Dylan 1‘ and ProductionLevel = ‘Amateur’
	S5	VenueID = ‘ Burton 2‘ and ProductionLevel = ‘Professional’
	S6	VenueID = ‘ Burton 2‘ and ProductionLevel = ‘Amateur’
Reconstruction:   S1  S2   S3   S4   S5   S6

P1: Level = 'Professional' (Production)
P2: Level = 'Amateur' (Production)
· Are the fragments complete? That is, does each row appear in either fragment P1 or P2?
· Yes, each row in the original Production relation appears in either fragment P1 or P2.
· How can the original relation be reconstructed from the fragments?
· UNION: Original Production Level Relation = P1 ∪ (union) P2 	->(mentioned above)
· Are the fragments disjoint?
· Yes, no Production Level can be both ‘Professional’ and ‘Amateur’.

II. [bookmark: _Toc61633899]Vertical fragmentation
Payment Table
The use of vertical fragmentation in Payment table:
P1:	PaymentID, PaymentMethod, BookingNo, Amount, PaymentDate (Payment)
P2:	PaymentID, CardNumber, PaymentCardCVC,(Payment)

The author believes this database is an example of a booking system, and if we need to expand it more we can add Staff table to the database, and from Staff table, we can make a Vertical fragmentation as well like below:
	Staff Table
S1:	StaffID, FirstName, LastName, DOB, Gender, Address, Position (Staff)
S2:	StaffID, Postion, Salary( Staff)

III. [bookmark: _Toc61633900]Mixed fragmentation
Csutomer Table
The use of mixed fragmentation is 
A1:	CustomerNo, FirstName, Surname, DOB, PhoneNumber, EmailAddress, RegestraionDate (Customer)
A2:	 CustomerNo, FirstName, PaymentID(Customer)
	After that we can use derived fragmentation on fragment A1:
		Aii:	A1      PaymentID Pi	1  i  6
	Reconstruction: (A11  A12  A13  A14  A15  A16 )         CustomerNo

IV. [bookmark: _Toc61633901]Derived fragmentation
Venue Booking Tables
Use derived fragmentation for Venue Booking:
		VBi:	 VenueBooking        VenueID   V1i		1  i  6
	Reconstruction: (VB1  VB2  VB3  VB4  VB5  VB6 )



[bookmark: _Toc61633902]Conclusion
In the report the author has researched the differencing between SQL and NoSQL in term of data structure, ability to query data and scalability of each on of them, and then he talked about the performance tuning Index and what the advantages of using index providing a solutions of how the indexes will be used in Abertawe are centre case scenario, also he talked about the solution of using transaction in the same case scenario, at the end the author has included the distributed in database management system and how can we use it in the Abertawe Art Centre.
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[bookmark: _Toc61633904]Appendix   

V. [bookmark: _Toc61633905]Adding unique to Booking table
to avoid duplicate insertion in Booking table the author added (Unique) for CustomerNo, ShowID
so by using (UNQUE) the user can’t insert a booking for the same customer and same show
but he can insert a different show for the same customer (pic below).[image: ][image: ]
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After adding Unique
[image: ]
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VI. [bookmark: _Toc61633906]Table & Columns in Abertawe Arts Centre:  (Additional)
	Table
	Columns

	Customers
	(CustomerNo, FirstName, Surname, DOB, PhoneNumber, EmailAddress, RegestrationDate)

	Show
	(ShowID, ShowName, Date, StartTime, FinishTime, ShowType, ProductionLevel, Description)

	Booking
	(BookingNo, BookingDateTime, CustomerNo, ShowID, Price, NumberOfSeat)

	Venue
	(VenueID, Name, PricePerDay)

	Stall
	(StallID, Name, VenueID, Capacity)

	Seat
	(SeatID, StallID, SeatNumber)

	ProductionCompany 
	(CompanyID, CompanyName, Address, PostCode, City, EmailAddress, PhoneNumber)

	VenueBooking
	(VenueID, ShowID, CompanyID, ProductionLevel, StartDate, EndDate, NumberOfDays, Price, Comments)

	Payment
	(PaymentID, PaymentMethod, CustomerNo, Amount, PaymentDate, CardNumber, CardName, PaymentCVC, Description)



VII. [bookmark: _Toc61633907]Money & Smallmoney Data type:
The author was trying to use the data type (Money) or (Smallmoney) for the Amount attribute in payment table, which those two data type represents a monetary value, but after few research he found that: it is not good practice to use those them, and the use of them can lead to the unintentional  loss of precision that is caused by rounding errors during calculations.
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Table Clustering Index Secondary Indexes Avoid
1. Firstname, Lastname as one index (often used for where or sorting)
Customer CustomerNo (PK) . . .
2. RegistrationDate (often used for where or sorting)
1. Show Name (often used for where or sorting)
Show ShowID (PK) 2. Show Type (often used for where or sorting) Description: consist of long character strings
3. Show Date (often used for where or sorting)
1. Customer ID (FK used in joins)
Booking BookingNo (PK) 2. Show ID (FK used in join)
3. Booking DateTime (often used for where or sorting)
Venue VenuelD (PK) No need to index as this is a small relation
Stall StalllD (PK) 1. VenuelD (FK used in joins)
Seat SeatID (PK) 1. stalllD (FK used in joins)

Production Company

CompanylD (PK)

1. Company Name (often used for where or sorting)

Venue Booking

VenuelD, ShowlID (PK)

1. VenuelD (FK used in joins)
2. ShowID (FK used in joins)
3. CompanylD (FK used in joins)

Comments: consist of long character strings
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-- TRANSACTION -- A --

BEGIN TRANSACTION
BEGIN TRY

INSERT INTO VenueBooking (VenueID, ShowID, CompanyID, StartDate, EndDate, numberOfDays, Price, Comments)

values ('viel', 'slee6', 'C515', '2021-02-87', '2021-07-038', 1, 1000, NULL);

COMMIT TRANSACTION;

END TRY

BEGIN CATCH
-- An error occurred, rollback changes
ROLLBACK TRANSACTION;

-- PRINT('Rolling back, an error occurred!');

RAISERROR( 'Rolling back, an error occurred!', 16, 1);
END CATCH;

'2021-02-07' OR ShowID = 'S1006'

SELECT * FROM VenueBooking WHERE StartDate

SELECT * FROM ProductionCompany

SELECT * FROM VenueBooking WHERE CompanyID = 'C515°

-- to test the transaction
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|-~ TRANSACTION -- B --

| -- Begin Transaction
BEGIN TRANSACTION Unregistered_Event
-- Add new booking
INSERT INTO Booking(CustomerNo, ShowID, Price, NumberOfSeats) values ('100142', 'S1823', £19.50, 1);

-] -- Check if the showID is exist or not
-- If its exits
IF (SELECT * FROM Show s WHERE ShowID != ShowID) = NULL
BEGIN
ROLLBACK TRANSACTION Unregistered_Event
RAISERROR( 'Rolling back, This Event is not exist', 16, 1);

L=

END
ELSE
-- if its exist, so it's ok
COMMIT TRANSACTION Unregistered_Event;
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----  /* Booking table */ ----
-JCREATE TABLE Booking (

BookingNo INT IDENTITY(1, 1) NOT NULL
CONSTRAINT PK_BookingNo PRIMARY KEY,
BookingDateTime DATETIME2 NOT NULL
CONSTRAINT DF_Booking_BookingDateTime DEFAULT GETDATE(),
CustomerNo CHAR(6) NOT NULL
CONSTRAINT FK_Booking_Customer FOREIGN KEY REFERENCES Customer(CustomerNo),
ShowID CHAR(3) NOT NULL
CONSTRAINT FK_Booking_Show FOREIGN KEY (ShowID) REFERENCES Show(ShowID),
NumberOfSeats CHAR(2) NOT NULL,
s
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----  /* Booking table */ ----
[FICREATE TABLE Booking (

BookingNo INT IDENTITY(1, 1) NOT NULL,
BookingDateTime DATETIME2 NOT NULL
CONSTRAINT DF_Booking_BookingDateTime DEFAULT GETDATE(),
CustomerNo CHAR(6) NOT NULL
CONSTRAINT FK_Booking_Customer FOREIGN KEY REFERENCES Customer(CustomerNo),
ShowID CHAR(3) NOT NULL
CONSTRAINT FK_Booking_Show FOREIGN KEY (ShowID) REFERENCES Show(ShowID),
NumberOfSeats CHAR(2) NOT NULL,
CONSTRAINT PK_Booking PRIMARY KEY (BookingNo, CustomerNo),
);

GO
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BookingNo  BookingDate Time CustomerNo ~ ShowID

WL DLW N =

2020-12-29 15:49:17.9966667 | 100107 | 107
2 2020-12-29 15:49:19.9200000 | 100107 107
3 2020-12-29 1549212366667 100107 107
4 2020-12-29 15:49:22.2566667 100124 125
5 2020-12-29 15:49:23.3433333 100149 136
6 2020-12-29 15:49:40.1600000 100111 12
7 2020-12-29 15:49:40.1633333 100142 123
8 2020-12-29 15:49:40.1633333 100145 116
9 2020-12-29 15:49:40.1633333 100142 124
10 2020-12-29 15:49:40.1633333 100124 11
1 2020-12-29 15:49:40.1633333 100143 145
12 2020-12-29 15:49:40.1633333 100132 136
13 2020-12-29 15:49:40.1633333 100125 145
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----  /* Booking table */ ----
-/CREATE TABLE Booking (

BookingNo INT IDENTITY(1, 1) NOT NULL
CONSTRAINT PK_BookingNo PRIMARY KEY,
BookingDateTime DATETIME2 NOT NULL
CONSTRAINT DF_Booking_BookingDateTime DEFAULT GETDATE(),
CustomerNo CHAR(6) NOT NULL
CONSTRAINT FK_Booking_Customer FOREIGN KEY REFERENCES Customer(CustomerNo),
ShowID CHAR(3) NOT NULL
CONSTRAINT FK_Booking_Show FOREIGN KEY (ShowID) REFERENCES Show(ShowID),
NumberOfSeats CHAR(2) NOT NULL,
UNIQUE (CustomerNo, ShowID) -- adding the UNIQUE to avoid duplicated insertation
);

GO




image22.png
Msg 2627, Level 14, State 1, Line 143
Violation of UNIQUE KEY constraint 'UQ_ Booking_ 9271816F0CED3C08'. Cannot insert duplicate key in object 'dbo.Booking'. The duplicate key value is (100107, 107).
The statement has been terminated.
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BookingNo  BookingDate Time CustomerNo  ShowID  NumberOfSeats

1 2020-12-29 15:55:26.5300000 1
2 2020-12-29 15:56:28.9800000 1
3 2020-12-29 15:57:13.1033333 100122 127 1
4 2020-12-29 15:57:13.1033333 100134 122 1
5 2020-12-29 15:57:13.1033333 100111 12 1
6 2020-12-29 15:57:13.1033333 100142 123 1
7 2020-12-29 15:57:13.1033333 100145 116 1
8 2020-12-29 15:57:13.1033333 100142 124 1
9 2020-12-29 15:57:13.1033333 100124 m 1
10 2020-12-29 15:57:13.1033333 100143 146 1
1 2020-12-29 15:57:13.1033333 100132 136 1
12 2020-12-29 15:57:13.1033333 100125 145 1
13 2020-12-29 15:57:13.1033333 100149 136 1
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