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1.0 [bookmark: _Toc35618030]Company Overview

Taking part in regular physical activity is proven to reduce the risk of developing long term chronic conditions [1].  To help incorporate fitness into the weekly routine, many people look at joining a gym.  With over 7,000 gyms in the UK, and the total number of active memberships approaching 10 million [2], statistics show that the fitness industry is quickly becoming a lucrative market.

Shape-up gyms is a small company based in Swansea, with the potential of a growing customer base, the company is looking to expand the brand by adding additional venues to the business portfolio.  Providing access to modern venues with affordable membership plans, the company wishes to improve services further by upgrading existing IT systems.


[bookmark: _Toc35618031]1.1	Proposed Implementation
	
The implementation of a distributed database model is required to assist with the demands of an expanding business.  The proposed solution will require each regional venue to remain independent on package price structure, while the processing of customer payments will remain the responsibility of head office.  

[bookmark: _Toc35618032]2.0	Distributed databases

The model of a distributed database can be characterised by a simple database structure, where its storage devices are not limited to a single common processor.  Instead it can be stored across a multitude of devices, located in one physical location, or indeed many, over a network of interconnected computers.

The distributed database can be classified into two separate environment models, homogeneous and heterogeneous, each contain further sub-divisions governing how the data is shared, and accessed across the distributed network [3];


Distributed Database Environment
Homogeneous
Autonomous
Non-Autonomous
Heterogeneous

Federated
Multi-database















[bookmark: _Toc35618033]2.1	Environment Models

	Homogeneous Model

The properties of the homogeneous model are used where each site within the network use identical database management software, and co-operates regularly to process user requests.

There are two types of homogenous databases available for this type of implementation;

Autonomous	Each database is independent, and are integrated using a controlling application.

Non-Autonomous	Data is distributed across each node, a master database management system is required to process updates across all site.

Heterogeneous Model

Unlike the homogeneous where the infrastructure of each site is the same.  
The heterogenous model is used where each site is utilising different 
management software, and co-operation is limited between each location. 

The two types of the heterogeneous model include;

Federated	Each database system remains independent and are integrated in a way which allows them to function as a single database system.

Un-federated	Each system employs a central coordinating model allowing the database to be accessed. 


[bookmark: _Toc35618034]2.2	Advantages of Distribution

There are a number of key advantages to implementing a distributed database model.  The design can be flexible, allowing expansion when a company requires additional systems to be incorporated.  Data can also be arranged according to departmental information, allowing hierarchical access, so payments can be processed via finance teams, and membership packages can be set by management at each location [4].

[bookmark: _Toc35618035]2.3	Database Implementation

To determine the appropriate model for the Shape-up gym solution, an understanding of the current infrastructure throughout each site is required.  The developer will assume that each site operates identical database management software, and all computers connected to the network are running similar operating systems.

Based on the premise of this assumption, the developer will conclude the appropriate model for the solution would be that of the homogeneous model.  Each site within the Shape-up gym portfolio will remain independent on package price structure, but the responsibility of payment processing will continue at head office.  This suggests, the autonomous model would be more suited to that of the proposed implementation.

The solution will allow the database to remain self-contained at each regional branch.  Data updates can then be shared via a controlling application, utilising message passing to distribute the information between all of the remaining sites.
	
[bookmark: _Toc35618036]3.0	Database Design


[bookmark: _Toc35618037]	3.1	Data Replication
	
Replication of data is the process of storing data between one or more site locations.  This is can be a useful technique to improve the availability of information, allowing users to access information relevant to the task in hand, without causing interference to other users on the network [5].

		Advantages of Data Replication [3]

· Transactions require minimal organisation across the network, and utilise less joins of tables located over multiple sites.

· Reliability if failure should occur since a copy is available at other site locations. 

· Query processing can be done quickly since local copies are available at each individual site.

		Disadvantages of Data Replication [3]

· Increased storage cost due to maintaining multiple copies of the same data.

· Complex synchronisation techniques are required to complete updates between multiple locations.

· Data inconsistency could occur if complex update mechanisms are not utilised accordingly.


[bookmark: _Toc35618038]	3.2	Fragmentation

Fragmentation is the process of dividing data tables into smaller subsets, known has fragments.  The process should be completed in a manner where reconstruction of the original table can be completed easily, whenever it is required.  There are three techniques available to achieve this process;

Horizonal Fragmentation	Groups the rows (tuples), of a particular table, where all rows of that table have similar attributes, for example;
	
	SELECT * FROM Customers
	WHERE City = “Swansea”

Vertical Fragmentation	Columns of a particular table are grouped into fragments, each fragment requires the primary key fields of the table, for example;
	
	SELECT CustomerID, FirstName 
	FROM Customer

Hybrid Fragmentation	A combination of both horizonal and vertical fragmentation techniques, which is completed by generating a set of horizonal fragments, then vertical fragments, or vice versa.

The developer suggests a combination of both horizonal and vertical fragmentation methods for the Shape-up gym implementation.  The hybrid technique produces fragments with minimal irrelevant data, while incorporating the vertical method provides a solution with extra levels of data privacy [3].	Comment by Kemi Ademoye: While this is a detailed explanation of the process of the concept of distributed databases, unfortunately this was not what you were asked to do. Please read the assignment brief carefully in future or clarify anything you do not understand with your lecturer.

[bookmark: _Toc35618039]4.0	Performance Tuning

Performance tuning can help to improve the speed of data retrieval, especially when working with data on a larger scale, and minor changes could have a dramatic impact on performance of a database.  Often tuning can be achieved using the index data structure, which allows for quicker selecting, and sorting of rows.  Indexes can also be used to help define the primary key, or unique index, that can help guarantee no other columns will hold the same values [6].

[bookmark: _Toc35618040]4.1	Performance Indexes 

Available Packages	Indexes available packages by name, displaying the contract type and duration, for quicker customer enquiries.	Comment by Kemi Ademoye: Good example data query, but the index chosen to support it is too large and this actually applies to all your indexes. The indexes are made up of too many columns.

For the available packages example – your query would be to find all packages available at a gym. Thus, to support this query, you could create an index that includes GymID and PackageID on the Gym Member Price table as these are the 2 fields that will be used in your WHERE clause. The MembershipType table is relatively small so additional indexes may not be beneficial.

SELECT …. FROM GymMemberPrices WHERE GymID = … AND MembershipTypeID = …

Customer Payments	Indexes customer direct debit details for quicker processing of regular payments.

Memberships	Indexes customer purchased memberships including regular monthly cost.


[bookmark: _Toc35618041]5.0	Conclusion

Shape-up gyms is looking to expand and meet the demands of a growing lucrative market.  To help improve services for both new and existing customers, the company is looking to upgrade existing IT systems by introducing a distributed database model.  The current infrastructure for each site will be more suited to the homogeneous autonomous model, allowing information to be shared across sites while remaining independent at each branch.  The model will introduce greater levels of reliability and data privacy for its valued customers.
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Shape-up Gym File One

/*  SHAPE UP GYM DATABASE - FILE ONE  */
/*       RYAN MORGAN (1706559)       */


--  Command to create database...
CREATE DATABASE ShapeUpGym;
GO
--  Command to drop database...
DROP DATABASE ShapeUpGym;
GO
--  Switch to ShapeUpGym database...
USE ShapeUpGym;
GO
--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--

--  Commands to create tables...

/*  TABLE 1:  Region				*/
CREATE TABLE Region(
	RegionCode VARCHAR(5) NOT NULL
		CONSTRAINT PK_RegionCode PRIMARY KEY
		CONSTRAINT CHK_RegionCode CHECK(RegionCode LIKE 'R[0-9][0-9][0-9][0-9]'),
	RegionName VARCHAR(64) NOT NULL UNIQUE
);

/*  TABLE 2:  City					*/
CREATE TABLE City(
	CityCode VARCHAR(5) NOT NULL
		CONSTRAINT PK_CityCode PRIMARY KEY
		CONSTRAINT CHK_CityCode CHECK(CityCode LIKE 'C[0-9][0-9][0-9][0-9]'),
	CityName VARCHAR(35) NOT NULL UNIQUE,
	CountyName VARCHAR(35) NOT NULL UNIQUE,
	RegionCode VARCHAR(5) NOT NULL
		CONSTRAINT FK_City_RegionCode FOREIGN KEY REFERENCES Region(RegionCode),
);

/*  TABLE 3:  Gym					*/
CREATE TABLE Gym(
	GymBranchID VARCHAR(5) NOT NULL
		CONSTRAINT PK_GymBranchID PRIMARY KEY
		CONSTRAINT CHK_GymBranchID CHECK(GymBranchID LIKE 'B[0-9][0-9][0-9][0-9]'),
	BranchName VARCHAR(35) NOT NULL,
	BranchAddress VARCHAR(255) NOT NULL UNIQUE,
	CityCode VARCHAR(5) NOT NULL
		CONSTRAINT FK_Gym_CityCode FOREIGN KEY REFERENCES City(CityCode),
	Postcode VARCHAR(8) NOT NULL UNIQUE,
	TelephoneNo VARCHAR(11) NOT NULL UNIQUE
		CONSTRAINT CHK_TelephoneNo CHECK (TelephoneNo NOT LIKE '%[^0-9]%')  --  Constraint, Check Valid Number Only (See Test Case, File 2)
);

/*  TABLE 4:  Membership Type		*/
CREATE TABLE MembershipType(
	MembershipTypeID VARCHAR(5) NOT NULL
		CONSTRAINT PK_MembershipTypeID PRIMARY KEY
		CONSTRAINT CHK_MembershipTypeID CHECK(MembershipTypeID LIKE 'M[0-9][0-9][0-9][0-9]'),
	PackageName VARCHAR(35) NOT NULL UNIQUE,
	PackageDescription VARCHAR(64) NOT NULL,
	ContractType VARCHAR(5) NOT NULL
		CONSTRAINT CHK_ContractType CHECK (ContractType IN ('None','Fixed')),
	DurationType VARCHAR(9) NOT NULL
		CONSTRAINT CHK_DurationType CHECK (DurationType IN ('None', '6 Months', '12 Months', '18 Months')),
	DurationQuantity INT NOT NULL,
		CONSTRAINT CHK_DurationQuantity CHECK (DurationQuantity IN (0, 6, 12, 18)),
	OffPeakMembership BIT NOT NULL,
	CancelAnytime BIT NOT NULL
);

/*  TABLE 5:  Gym Membership Price	*/
CREATE TABLE GymMembershipPrice(
	MembershipTypeID VARCHAR(5) NOT NULL 
		CONSTRAINT FK_GymMembershipPrice_MembershipTypeID FOREIGN KEY REFERENCES MembershipType(MembershipTypeID),
	GymID VARCHAR(5) NOT NULL
		CONSTRAINT FK_GymMembershipPrice_GymID FOREIGN KEY REFERENCES Gym(GymBranchID),
	OneTimePaymentFee DECIMAL(5,2) NOT NULL,
	MonthlyPaymentFee DECIMAL(5,2) NOT NULL,
	JoiningFee DECIMAL(5,2) NOT NULL,
		CONSTRAINT PK_GymMembershipPrice PRIMARY KEY (MembershipTypeID, GymID)
);

/*  TABLE 6:  Customer				*/
CREATE TABLE Customer(
	CustomerID VARCHAR(6) NOT NULL
		CONSTRAINT PK_CustomerID PRIMARY KEY
		CONSTRAINT CHK_CustomerID CHECK(CustomerID LIKE 'CU[0-9][0-9][0-9][0-9]'),
	GymID VARCHAR(5) NOT NULL
		CONSTRAINT FK_Customer_GymID FOREIGN KEY REFERENCES Gym(GymBranchID),
	FirstName VARCHAR(35) NOT NULL,
	LastName VARCHAR(35) NOT NULL,
	DateOfBirth DATE NOT NULL
		CONSTRAINT CHK_DateOfBirth CHECK (DateOfBirth <= DATEADD(yy, -18, GETDATE())),
	EmailAddress VARCHAR(64) NOT NULL UNIQUE,
	Passcode VARCHAR(6) NOT NULL UNIQUE,
	HomeAddress VARCHAR(255) NOT NULL,
	HomeCityCode VARCHAR(5) NOT NULL
		CONSTRAINT FK_HomeCityCode FOREIGN KEY (HomeCityCode) REFERENCES City(CityCode),
	Postcode VARCHAR(8) NOT NULL,
	ContactPhoneNo VARCHAR(11) NOT NULL
		CONSTRAINT CHK_ContactPhoneNo CHECK (ContactPhoneNo NOT LIKE '%[^0-9]%'),
	MedicalSummary VARCHAR(255),
	JoinDate DATE NOT NULL,
	BankAccountNo VARCHAR(8) NOT NULL UNIQUE
		CONSTRAINT CHK_BankAccountNo CHECK (BankAccountNo NOT LIKE '%[^0-9]%'),
	SortCode VARCHAR(6) NOT NULL
		CONSTRAINT CHK_SortCode CHECK (SortCode NOT LIKE '%[^0-9]%')
);

/*  TABLE 7:  Membership Purchase	*/
CREATE TABLE MembershipPurhcase (
	PurchaseNo VARCHAR(5) NOT NULL
		CONSTRAINT PK_PurchaseNo PRIMARY KEY
		CONSTRAINT CHK_PurchaseNo CHECK(PurchaseNo LIKE 'P[0-9][0-9][0-9][0-9]'),
	CustomerID VARCHAR(6) NOT NULL
		CONSTRAINT FK_CustomerID FOREIGN KEY (CustomerID) REFERENCES Customer(CustomerID ),
	MembershipTypeID VARCHAR(5) NOT NULL
		CONSTRAINT FK_MembershipTypeID FOREIGN KEY (MembershipTypeID) REFERENCES MembershipType(MembershipTypeID ),
	StartDate DATE NULL,
	EndDate DATE NULL,
	PurchaseDate DATE NOT NULL,
	JoiningFeePrice DECIMAL(5,2) NOT NULL,
	OneTimeFeePrice DECIMAL(5,2) NOT NULL,
	MonthlyFeePrice DECIMAL(5,2) NOT NULL,
	MonthlyPaymentDay VARCHAR(2) NULL,
	LastPaymentDate DATE NULL,
	MembershipStatus VARCHAR(7) NOT NULL
		CONSTRAINT CHK_MembershipStatus CHECK (MembershipStatus IN ('None','Active','Expired'))
);

--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--

--  Performace Tuning...

CREATE INDEX idx_AvailablePackages ON MembershipType (PackageName, DurationType, ContractType, DurationQuantity);

CREATE INDEX idx_CustomerPayments ON Customer (FirstName, Lastname, BankAccountNo, SortCode);

CREATE INDEX idx_Memberships ON MembershipPurhcase (CustomerID, MonthlyFeePrice, MonthlyPaymentDay, MembershipStatus);






















Shape-up Gym File Two

/*  SHAPE UP GYM DATABASE - FILE TWO  */
/*       RYAN MORGAN (1706559)       */

--  Switch to ShapeUpGym database...
USE ShapeUpGym;
GO
--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--

--  Commands to populate tables...

/*  TABLE 1:  Region				*/
INSERT INTO Region (RegionCode, RegionName)
VALUES	('R0001', 'North Wales'),
		('R0002', 'Mid Wales'),
		('R0003', 'South East Wales'),
		('R0004', 'South Wales');

/*  TABLE 2:  City					*/
INSERT INTO City (CityCode, CityName, CountyName, RegionCode)
VALUES	('C0001', 'Caenarfon', 'Gwynedd', 'R0001'),
		('C0002', 'Breacon', 'Powys', 'R0002'),
		('C0003', 'Newport', 'Gwent', 'R0003'),
		('C0004', 'Swansea', 'West Glamorgan', 'R0004');

/*  TABLE 3:  Gym					*/
INSERT INTO Gym (GymBranchID, BranchName, BranchAddress, CityCode, Postcode, TelephoneNo)
VALUES	('B0001', 'Shape Up Caenarfon', 'Dukes Road Gwynedd', 'C0001', 'G73 5AA', '01416470656'),
		('B0002', 'Shape Up Breacon', 'Kennedy Way Buckstaff Road', 'C0002', 'BT11 9DT', '02890635120'),
		('B0003', 'Shape Up Newport', 'Little Street, Gwen Road', 'C0003', 'CM13 3EN', '01245616789'),
		('B0004', 'Shape Up Swansea', 'Fabian Way Langdon Road', 'C0004', 'SA1 8QY', '01792641782');
	--  Constraint Testing, Check Valid Number Only
	INSERT INTO Gym (GymBranchID, BranchName, BranchAddress, CityCode, Postcode, TelephoneNo)
	VALUES	('B0005', 'Shape Up Test', 'Test Street Example', 'C0001', 'TE1 STT', '0163960BC00');

/*  TABLE 4:  Membership Type		*/
INSERT INTO MembershipType (MembershipTypeID, PackageName, PackageDescription, ContractType,
			DurationType, DurationQuantity, OffPeakMembership, CancelAnytime)
VALUES		('M0001', 'Anytime Day Pass', 'Anytime  Anyday Pass', 'None', 'None', 0, 0, 1),
			('M0002', 'Saver Day Pass', 'Weekdays Between 16:00 and 09:00', 'None', 'None', 0, 0, 1),
			('M0003', 'Anytime Monthly', 'Anytime  Anyday Pass', 'Fixed', '12 Months', 12, 0, 0),
			('M0004', 'Saver Monthly', 'Weekdays Between 16:00 and 09:00', 'Fixed', '12 Months', 12, 1, 0);

/*  TABLE 5:  Gym Membership Price 	*/
INSERT INTO GymMembershipPrice (MembershipTypeID, GymID, OneTimePaymentFee, MonthlyPaymentFee, JoiningFee)
VALUES		('M0001', 'B0001', 12.99, 0.00, 0.00),
			('M0002', 'B0002', 6.99, 0.00, 0.00),
			('M0003', 'B0003', 0.00, 7.99, 5.00),
			('M0004', 'B0004', 0.00, 4.99, 5.00);

/*  TABLE 6:  Customer				*/
INSERT INTO Customer (CustomerID, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode,
					  HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary, JoinDate,
					  BankAccountNo, SortCode)
VALUES		('CU0001', 'B0001', 'Brodie', 'Glenn', '1985/01/02', 'BrodeGlenn@outlook.com', '175648',
			'18 Main Street, Burgh, Gwynedd', 'C0001', 'G72 6BB', '01416705211', 'Diabetes', '2017/06/12', '26466578', '010203'),
			('CU0002', 'B0002', 'Ailbe', 'Brynne', '2000/11/15', 'Brynne@sky.co.uk', '182462',
			'17A Station Road, Omagh, Powys', 'C0002', 'BT12 8LT', '02890643523', NULL, '2018/04/01', '32465955', '115544'),
			('CU0003', 'B0003', 'John', 'Smith', '1992/05/23', 'JohnSmith@gmail.com', '203464',
			'20 London Road, Houseworth, Gwent', 'C0003', 'CMB 4EC', '01245616768', NULL, '2020/02/25', '30145444', '125647'),
			('CU0004', 'B0004', 'Dylan', 'Davies', '1987/09/25', 'DylanWelsh@hotmail.com', '194345',
			'5 Copper Quarter, Bon-Y-Maen, West Glamorgan', 'C0004', 'SA1 9QB', '01792642010', NULL, '2019/01/01', '01654426', '221166');

/*  TABLE 7:  Membership Purchase	*/
INSERT INTO MembershipPurhcase (PurchaseNo, CustomerID, MembershipTypeID, StartDate, EndDate, PurchaseDate,
								JoiningFeePrice, OneTimeFeePrice, MonthlyFeePrice, MonthlyPaymentDay, LastPaymentDate, MembershipStatus)
VALUES		('P0001', 'CU0001', 'M0003', '2017/06/12', '2018/06/12', '2017/06/12', '5.00', '0.00', '7.99', '20', '2018/06/20', 'Expired'),
			('P0002', 'CU0002', 'M0004', '2018/04/01', '2019/04/01', '2018/04/01', '5.00', '0.00', '4.99', '01', '2019/04/01', 'Expired'),
			('P0003', 'CU0003', 'M0003', '2019/01/01', '2020/01/01', '2019/01/01', '5.00', '0.00', '7.99', '13', '2020/01/01', 'Expired'),
			('P0004', 'CU0004', 'M0004', '2020/02/25', '2021/02/25', '2020/02/25', '5.00', '0.00', '4.99', '25', '2021/02/25', 'Active');


--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--

/*  TRANSACTION						*/

DECLARE @StartNewTerm DATE
BEGIN TRANSACTION UpdateMembership
INSERT INTO MembershipPurhcase (PurchaseNo, CustomerID, MembershipTypeID, StartDate, EndDate, PurchaseDate,
								JoiningFeePrice, OneTimeFeePrice, MonthlyFeePrice, MonthlyPaymentDay, LastPaymentDate, MembershipStatus)
VALUES		('P0005', 'CU0003', 'M0003', '2020/01/02', '2021/01/02', '2020/01/02', '0.00', '0.00', '7.99', '13', '2022/01/13', 'Active')
UPDATE Customer SET BankAccountNo = '54648678', SortCode = '125647' WHERE CustomerID = 'CU0003'
SELECT @StartNewTerm = LastPaymentDate FROM MembershipPurhcase WHERE CustomerID = 'CU0003'
IF (@StartNewTerm < '2020/01/02' )

BEGIN
	ROLLBACK TRANSACTION UpdateMembership
	PRINT 'Not Allowed'
	End
ELSE
	BEGIN
	COMMIT TRANSACTION UpdateMembership
	PRINT 'Well Done'
	End
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