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1. [bookmark: _Toc35896116]Introduction
The student has been asked to create a report following an invite by ‘Shape up Gym’ in order to assist them with solving two of their database problems. i.e. Performance tuning, ‘Shape up Gym’ contacted the student to investigate the most important transactions for them in order to improve query performance. Lastly, Distributed database solution. The student had to come up with a proposed distributed database design that can be used to distribute the gyms information according to the case study. 

2. [bookmark: _Toc35896117]Performance Tuning
After being contacted by ‘Shape up Gym’ to investigate their important transactions in order to make their query performance better, the student had to think of data query requirements that will be frequently executed or important in the database. Followed by identifying three secondary indexes that can be added in order to improve the performance of such data queries.

2.1 [bookmark: _Toc35896118]Indexes
All together there are assorted types of indexes, however, in this report only two indexes will be covered. These two indexes are clustered and non-clustered. An index is simply a construction that once it has been implemented it can increase effective retrieval of data from a table within a database. This is done by constructing a key, this key is made up of either 1 or several columns. When it comes to making an Index, within the index file, it will contain the index key values as well as a row address.      
For a user who frequently utilises operations on a database, indexes are very useful. Reason being, the use of indexes improves the speed of searching for a table based on size. When a query is executed without the use of indexes, the engine of the database will have to manually search through every row of information in order to locate the relative data. Once the data has been found, the search will continue because in the table there may be similar data somewhere else.  

2.1.1 [bookmark: _Toc35896119]Clustered Indexes 
A clustered index specifies the order that the data is held in a table. Table data can be sorted in one only way, consequently, only one clustered index can be placed per table. [1] A benefit of using clustered index is it is quicker to retrieved data from a table, reason being, when the query is being performed the information is instantly ordered. All the user must do is go to the right clustering key, then locate the page that the row or rows are held. 
Even though the benefits of using a clustering index is quick in a database, there are disadvantages such as when it comes to larger tables, the result will be drastically slower. Reason being, each row must be inputted into the tables in correct order, therefore the user will require manually searching for the right place to place and position the row. 
A cluster index has an analogy it goes by called “The Phone Book”. This simply means that once you compile a phone book, its like building a clustered index on a table. The book is organised by last name then by first name. [2] If you were asked to retrieve phone numbers for people with a specific last name, visiting all their homes (tables) would not be necessary. All that is required is looking up the persons last name, this will result in all the information found about that individual in the phone book. This is known as a ‘clustered index seek’. Next is the ‘clustered index scan’. For example, if a person asked for all the phone numbers in a certain city. The phone book can still be used; however, the user must go through all the entries in it row by row. 

2.1.2 [bookmark: _Toc35896120]Non-Clustered Indexes (Secondary)
This is secondary approach that someone could use for their database when it comes to performance tuning. Unlike a clustered index, a non-clustered index does not categorize the information in the table. However, a non-clustered index is held in a certain place and the data in the table is store in another place. 
An analogy of non-clustered index would be similar to a textbook. Reason being, with a textbook, the book content is located in the front of the book (in a certain place) and the index is located in another place (the back). This results in multiple clustered index per table. Inside the table, the information is sorted by a cluster index. [3]
Here bellow is an example of a non-clustered index:
[image: ]
This creates a non-cluster on the first name column of the table for ‘Customer’. The non-cluster index will sort by the customers first name in ascending order.
[image: ]Customer table data:

This is what the table before the non-cluster looks like when it is executed.
Non-Clustered Index ‘Customer’ table:
	FirstName
	Row Address

	Brian
	Row Address

	Jade
	Row Address

	Tom
	Row Address

	Zack
	Row Address



This is what the table appears to be after executing the non-cluster index for the first name of the customer table.
A benefit of using a non-clustered index is that the use can use more than one index, however there is a disadvantage to non-cluster indexes. This index is placed individually to the data, this leads to the requirement of a lot of disk space to be used. 
2.2.3 [bookmark: _Toc35896121]3 Indexes for Shape Up Gym Database
Here are the three indexes that were recommended to Shape Up gym. These indexes are believed to be a necessary choice for the database and company. 

Index 1
The first index created for Shape Up gym database is to locate the customers ‘Passcode’. This is base on the search of the customers last name. 
[image: ]
“CREATE INDEX idx_Customer_Passcode ON Customer(CustomerId, LastName)” This row creates the index, what this is saying is create the index for customer table passcode, the customer ID and their last name.

“SELECT CustomerId, LastName, PassCode FROM Customer” When the user executes this, it will display all the customers last name, passcode and ID from the database. 

“SELECT CustomerId, LastName, PassCode FROM Customer WHERE LastName LIKE ‘Holland’” When the user runs this, it will display only the customer that has the last name holland from the database. 
[image: ]	
This was a recommended index done for Shape Up Gym because gym users regularly forget or miss place their passcode to get into the gym. This way, when the company use this index, it will retrieve the customers passcode simply by entering the customers last name. 
A problem may abrupt when customers who may have the same last names. A way around this problem would be to do any of these:
SELECT CustomerId, LastName, PassCode FROM Customer WHERE FirstName LIKE ‘Tom”
SELECT CustomerId, LastName, PassCode FROM Customer WHERE CustomerId LIKE ‘CID001”
These solutions of changing the ‘WHERE’ clause to either ‘FirstName’ or ‘CustomerId’ would eliminate multiple customers with first or last names.

Index 2
The second index created was to help Shape Up Gym see if a customer’s membership is due to expire within 4 days. 
[image: ]
The query “SELECT CustomerId, EndDate FROM MembershipPurchase WHERE EndDate BETWEEN GetDate () AND DATEADD (day, 4, EndDate)” can let the customers know that their membership is about to expire in 4 days and if they would like to re-enrol or cancel their membership.

Index 3
This index was created for Shape Up Gym would be very useful. Reason being, in an environment of heavy weights and potential hazards. The risk of a customer being injured is high. 
If an injury did occur and medical help was need, the company can simply search up the customer and view their medical summary. This would assist the medical team with the customer.
[image: ]

“CREATE INDEX idx_Customer_MedicalSummary ON Customer (CustomerId, FirstName, LastName)”
This is the method used to create the index, it displays the index to be created for the customer table.
“SELECT CustomerId, FirstName, LastName, MedicalSummary FROM Customer”
This means to select and displays all the customers ID, first name, last name and medical summary from the customer table database when executed.
This is how the table is displayed once it is executed:
[image: ]

“SELECT CustomerId, FirstName, LastName, MedicalSummary FROM Customer WHERE FirstName LIKE ‘Zack’” 
Using the WHERE clause, it will display the customers first name that is entered by the users. This will display the customers ID, first name, last name and medical summary of the customer if any injuries were to take place. 
As you can see, the user searched for the customer first name ‘Zack’ to retrieve data about the customer and view their medical summary:
[image: ]





3 [bookmark: _Toc35896122]Distributed Database Solution
Using the ‘Shape up Gym’ case study, the student was required to come up with a proposed database design. This design can be used to distribute the gyms data according to the proposed requirements. 
A distributed database in simple terms is a database where potions of the database are stored in multiple physical locations and processing is distributed among multiple database nodes. [number] This initially enables the data to be stored locally in a place in which the data is used frequently, this would cause quick retrieval of data. Although, if the data needed to be accessed from a different location, the result of the retrieval of the data would be significantly slower, reason for this is because the data will have to travel a further way.
A database can be divided into several parts. These are the following:
· Horizontal Fragmentation
· Vertical Fragmentation 
· Mixed Fragmentation (Vertical & Horizontal Fragmentation)
· Derived Fragmentation
The identification of these fragmentation approaches has been done by the student and delivered a reason onto why Shape Up Gym would benefit from using these strategies for their database.
3.1 [bookmark: _Toc35896123]Horizontal Fragmentation
Horizontal fragmentation refers to the separation of a relation into subsets (fragments) of tuples (rows). Each fragment is stored at a different node, and each fragment has unique rows. Although, the unique rows all have the same attributes (columns). []
[image: ]Here is an example of a horizontal fragmentation p(R):




Here bellow the student displays the horizonal fragmentation strategy for Shape Up Gym’s ‘City’ table:This would cause a fragmentation of 4 which falls under the attribute ‘County’.

	C1   County = “Wrexham County Borough”

	C2    County = “City and County of Swansea”

	C3   County = “Bridgend County Borough”

	C4   County = “Pembrokeshire County”



The reason why the horizontal fragmentation is used like this is because the information is separated by the county attribute, every row is joined at the applicable county. 
Resulting fragments:


	CityCode
	CityName
	CountyName
	RegionCode

	SWA
	Swansea
	City and County of Swansea
	South (ST02)


	CityCode
	CityName
	CountyName
	RegionCode

	WRX
	Wrexham
	Wrexham County Borough
	North (NT01)


 C1                                                                                                                                                              C2


C3                                                                                                                                                            C4   
	CityCode
	CityName
	CountyName
	RegionCode

	TBY
	Tenby
	Pembrokeshire County
	West (WT03)


	CityCode
	CityName
	CountyName
	RegionCode

	BRD
	Bridgend
	Bridgend County Borough
	South (ST02)


                                

Using the method ‘Union Operation’, Shape Up Gym can rebuild the database.
UNION: Original City Relation = C1U C2 U C3U C4U(UNION)


3.2 [bookmark: _Toc35896124]Vertical Fragmentation
Vertical fragmentation refers to the separation of a relation into attribute (column) subsets. Each fragment is stored at a different node, and each fragment has unique columns, apart from the key column. Here is an example of vertical fragmentation [number]: a1, … an (R)
[image: ]




The recommended vertical fragmentation for Shape Up Gym database would be the ‘Customer’ table. Reason being, it will enable the divided data to be stored at the sections that required them.  


	C1
	JoinDate | BankAccountNo | SortCode

	C2
	CustomerId | GymId | FirstName | LastName | DateOfBirth | EmailAddress | Passcode | HomeAddresss | HomeCtyCode | PostCode | ContactPhoneNo | MedicalSummary 




C1
	JoinDate
	BankAccountNo
	SortCode

	2018-06-13
	33628759
	20-84-63

	2019-09-10
	09816542
	70-86-52

	2019-12-25
	99665533
	87-63-91

	2020-01-19
	67452389
	55-88-91



[image: ]C2

3.3 [bookmark: _Toc35896125]Mixed Fragmentation
A mixed fragmentation consists of a horizontal fragment that is consequently fragmented vertically or a vertical fragment that is subsequently fragmented horizontally. Here bellow is a model of mixed fragmentation:  
[image: ]



Here bellow is an example of a mixed fragmentation of BranchId for the Gym table:
	BranchId
	BranchName
	Address
	CityCode
	PostCode
	PhoneNumber

	WHG001
	Shape Up Gym Wrexham
	14 Baltimore Street
	WRX
	LL11 0BT
	01978267354

	SWG002
	Shape Up Gym Swansea
	26 Castle Road
	SWA
	SA1 4AW
	01792456724

	BGG003
	Shape Up Gym Bridgend
	358 Argyle Street
	BRD
	CF31 1EN
	01656987639

	TBG004
	Shape Up Gym Tenby
	101 Warten Moor Road
	TBY
	SA70 8DB
	01834726499




	BranchId
	BranchName
	Address
	CityCode
	PostCode
	PhoneNumber

	WHG001
	Shape Up Gym Wrexham
	14 Baltimore Street
	WRX
	LL11 0BT
	01978267354


G1: BranchId=’WHG001’

G2: BranchId=’SWG002’
	BranchId
	BranchName
	Address
	CityCode
	PostCode
	PhoneNumber

	SWG002
	Shape Up Gym Swansea
	26 Castle Road
	SWA
	SA1 4AW
	01792456724



G3: BranchId=’BGG003’
	BranchId
	BranchName
	Address
	CityCode
	PostCode
	PhoneNumber

	BGG003
	Shape Up Gym Bridgend
	358 Argyle Street
	BRD
	CF31 1EN
	01656987639



G3: BranchId=’TBG004’
	BranchId
	BranchName
	Address
	CityCode
	PostCode
	PhoneNumber

	TBG004
	Shape Up Gym Tenby
	101 Warten Moor Road
	TBY
	SA70 8DB
	01834726499





3.4 [bookmark: _Toc35896126]Derived Fragmentation
A derived fragmentation is simply a horizontal fragment which is based on the horizontal fragmentation of a parent relation. With derived fragmentation, some of the applications may involve joining two or more tables. If the joined tables are placed in different locations, when it is distributed there might be a significant overhead processing the join. [5]









4. [bookmark: _Toc35896127]Check Constraints

CHECK CONSTRAINT VERIFICATION TABLE REGION
[image: ]
ERROR MESSAGE = REGION CODE IS WRONG
[image: ]

CHECK CONSTRAINT VERIFICATION TABLE CITY
[image: ]
ERROR MESSAGE = CITY CODE IS WRONG
[image: ]
CHECK CONSTRAINT REGIONCODE CITY TABLE
[image: ]
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CREATE INDEX idx_Customer_Passcode ON Customer(CustomerId, LastName)
SELECT CustomerId, LastName, Passcode FROM Customer
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Customer may forget passcode, Gym can search up customer using Lastlome to display their Passcode -~




image4.png
B Resuts Gl Messages
Customerid  LastName  Passcode
1 oot Holand 97175590




image5.png
CREATE TNDEX idx_MembershipPurchase_LastPaymentDate ON MembershipPurchase(EndDate, CustomerId)
SELECT CustomerId, EndDate FROM MembershipPurchase

SELECT CustomerId, EndDate FROM MembershipPurchase WHERE EndDate BETWEEN GetDate() AND DATEADD(day, 4, EndDate)
If Someones membership is due to expire within 4 days, using this query we can let them know to update their membership
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CREATE INDEX idx_Customer_MedicalSummary ON Customer(Customerld, FirstName, LastName)
SELECT CustomerId, FirstName, LastName, MedicalSummary FROM Customer

SELECT CustomerId, FirstName, LastName, MedicalSummary FROM Customer WHERE Firsthame LIKE 'Zack'

Customer could potentially ingure themselves in the gym, using this query we con get the information of the customers medical condition to pass onto the ambulence -~
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Msg 547, Level 16, State 0, Line 7
The INSERT statement conflicted with the CHECK constraint "CHK Region RegionCode". The conflict occurred in database "ShapeUpGymsl650547HMuin”, table "dbo.Region", column 'RegionCode’.
The statement has been terminated.
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Msg 547, Level 16, State 0, Line 17
The INSERT statement conflicted with the CHECK constraint "CHK City CityCode". The conflict occurred in database "ShapeUpGyms1650547HMuin”, table "dbo.City", column 'CityCode’.
The statement has been terminated.
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-- Check if user enters invalid RegionCode
INSERT INTO City(CityCode, CityName, CountyName, RegionCode) VALUES ('Sle', 'Swansea', 'City and County of Swansea', '100')
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use Customer

CREATE NONCLUSTERED INDEX IX_tblCustomer_Firstliame
O Customer (Frstiame ASC)
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CusomerlD | GymiD | FirstName | LastName | DOB | EmailAddress Passcode | HomeAddress | HomeCityCo | PostCode | ContactPhoneNo | Medicalsummary
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