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[bookmark: _Toc35878983]Introduction
The following report will demonstrate understanding of database management systems. It will evidence the requirements to create a Microsoft SQL Server Database solution for Shape up Gyms, using an SQL file containing SQL statements for the creation of the database and another SQL file for the testing of the create database structure. 
[bookmark: _Toc35878984]1.Performance Tuning
Indexes are lookup tables that are created to speed up data retrieval in a database. They contain keys from one or more columns in a table. A table or view can contain either clustered or non-clustered indexes. 
Clustered: 
1. 	Clustered indexes sort and store date based on its key value of the column included in the index. There can be only be one clustered index per table. If a table has no clustered index, then it is referred to as a heap. Clustered indexes are created automatically when using the Primary Key constraint on a table column. 

Non-Clustered:
2. 	Non-clustered indexes have a different structure to the data rows. Each key value in a non-clustered index has a pointer to the data row in the table that contains the key value, this is called a row locator which points to the row of a clustered table or the clustered index key for a clustered table. [1]
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Below is a list of queries that will be executed regularly on the Shape Up Gyms database for typical data entry, updates/ deletes and query transactions:
1. Check the customer has a valid membership – Used frequently to allow the customer entrance to the gym.
2. List the location of the nearest gym – Used by customers to check the location of the nearest gym to them.
3. List the prices of the gyms – Used by customers to check the prices of the gyms.
4. Adding a customer to the gym – Used by staff to add new customer information to the database. 	
5. Adding membership information for a customer – used by staff to add a membership for existing customers
Below is a transaction/ relation cross-reference matrix for the example CRUD (see below) queries for Shape Up Gyms. This indicates which tables each of the above queries accesses and what type of access is required. 
· C - Create (Insert)  
· R - Read (Select)  
· U - Update  
· D - Delete  
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For each of the above queries the table below shows a summary of interactions between the base tables and each of the transactions. It identifies:
· Which tables the queries operates on
· Which type of access the query requires 
· What columns are needed by a WHERE clause if required
· What keys are involved in JOINS
· Any columns that need to be ordered
· Any columns that require grouping

	Query No. 
	Query Transaction 
	Tables Involved 
	Columns Involved 

	1 
	Check a customer has a valid membership
	Customer
 
MembershipPurchase
	WHERE Clause Attributes: MembershipPurchase.Status = Active
Join Attributes: Customer.CustomerID, MembershipPurchase.CustomerID 
Ordering Attributes:
Grouping Attributes: Status
Built-in functions: 

	2 
	Location of nearest gym
	Region
City
Gym
	WHERE Clause Attributes: 
Join Attributes: Region.RegionCode = City.RegionCode & Gym.CityCode = City.CityCode
Ordering Attributes: Gym.Name, City.CityName, Gym.Address
Grouping Attributes: 
Built-in functions: 

	3 
	 Checking Prices
	City
Gym
GymMembershipPrice
	WHERE Clause Attributes: 
Join Attributes:  Gym.CityCode = City.CityCode & Gym.GymBranchID = GymMembershipPrice.GymID & GymMembershipPrice.MembershipTypeID = MembershipType.MembershipTypeID
Ordering Attributes: City.CityName, Gym.Name, Membership Type. DurationType
Grouping Attributes: 
Built-in functions: 

	4 
	 Adding a Customer
	Customer
	WHERE Clause Attributes: 
Join Attributes:  
Ordering Attributes: 
Grouping Attributes: Customer.GymID
Built-in functions: 

	5 
	 Update a membership for a customer
	MembershipPurchase
Customer
	WHERE Clause Attributes: MembershipPurchase.EndDate IS NULL
Join Attributes:  Customer.CustomerID = MembershipPurchase.CustomerID
Ordering Attributes: MembershipPurchase.EndDate
Grouping Attributes: MembershipPurchse.Status
Built-in functions: 


 
Based on the requirements identified in the table above the table below identifies which secondary indexes will be created in the Shape Up Gyms Database. 

	Table 
	Clustering Index 
	Secondary Indexes 
	Comments 

	Region
	 
	 
	Not Required, small table 

	City
	CityCode (PK)
	[bookmark: _GoBack]CityName
	 

	Gym
	GymBranchID (PK) 
	GymName GymAddress
	 

	MembershipType 
	MembershipTypeID (PK)
	 
	Not Required, updated infrequently 

	GymMembershipPrice
	 
	 
	Not Required, updated infrequently

	Customer
	CustomerID (PK) 
	FirstName 
LastName
	 

	MembershipPurchase
	 PurchaseNo (PK)
	End Date
Status
	 



After the analysis above the following secondary indexes have been created in the database: 
CREATE INDEX idx_City
ON City(CityName ASC);

CREATE INDEX idx_Gym
ON Gym(Name ASC, Address);

CREATE INDEX idx_Customer
ON Customer(FirstName ASC, LastName ASC);

CREATE INDEX idx_Membership
ON MembershipPurchase(EndDate ASC, Status);
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Distributed databases split the databases into multiple parts which allows users to access data at their own site as well as data stored at remote sites. Developing a distributed database system will improve the ability to share and access data if it is set up to reflect the same structure as the organisation that uses it. This is because the data should be stored in the location that is closest to where it is most frequently used. There are three main factors to consider when designing a distributed database:
1. Fragmentation: Relations that are subdivided into several sub-relations called fragments which can then be distributed. 
2. Allocation: Each of the fragments should be stored at the site when it will most frequently be used
3. Replication: Copies of fragments may be stored at multiple sites  
There are two types of distributed databases:
Homogeneous
In a homogeneous database all locations store data identically and use the same DBMS. This makes them easier to manage. This is the type of distributed database recommended for Shape Up Gyms.
Heterogeneous
In a heterogeneous database, different locations can use different data schemas and different DBMS software. 
There are two ways in which data can be stored at different locations:
Replication
This means the that entire relation is stored at multiple locations. The advantage of this is that it increases the availability of the data at different locations. Its main disadvantage is any changes will need to be made at every location, and it makes concurrent access complicated. 
Fragmentation
When we fragment the data, relations are divided into smaller parts and stored at the sites where it is more frequently required. Fragmentation can be done in three ways:
	Horizontal Fragmentation – Splitting the data by rows, the data is fragmented by rows so that each row exists in at least one fragment.
	Vertical Fragmentation – Splitting the data by columns, the data is split into smaller schemas. Each fragment must contain a common key to ensure the data can be reconstructed. 
	Mixed Fragmentation – A hybrid of both vertical and horizontal fragmentation.[2]
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Region, City, Gym and MembershipType Tables
Do not fragment Region, City, Gym and MembershipType Tables. These tables are small and not updated regularly so can be replicated at all sites.
GymMembershipPrice 
Use horizontal fragmentation for GymID as these fragments can be stored at the site that will requirement the most, with the predicates:
{GymID = “G10001”,
GymID = “G10002”,
GymID = “G10003”,
GymID = “G10004”,}
Horizontal Fragments are:
G1: GymID=G10001
G2: GymID=G10002
G3: GymID=G10003
G4: GymID=G10004
Reconstruction: G1 UNION G2 UNION G3 UNION G4
Customer Table 
Use mixed fragmentation for the Customer table as this table contains both information used by each gym and financial information use by the finance department based in Swansea. 
Vertical Fragmentation:
C1: CustomerID, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary, JoinDate {Customer}
C2: CustomerID, BankAccountNo, SortCode {Customer}
Using the vertical Fragment C1, fragment this further, horizontally by GymID to give four Fragments:
C11:GymID = ‘G10001’{S2}
C12:GymID = ‘G10002’{S2}
C13:GymID = ‘G10003’{S2}
C14:GymID = ‘G10004’{S2}
Reconstruction: (C11 UNION C12 UNION C13 UNION C14) Natural JOIN C2
MembershipPurchase Table
Do not fragment the MembershipPurchase table as this will be used mainly by the financial team based in Swansea. 
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The above report has evaluated the requirements for Shape Up Gyms databases and proposed options for secondary indexing and creating a distributed database. When paired with the two SQL files it provides evidence for all tasks to create the database. 
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