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This report considers the ShapeUp Gym database. It details the performance tuning features employed to improved overall database function, as well as distributed database concepts.  
A proposed distributed database design is then set out based on analyses of the transactions most likely to be carried out.
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[bookmark: _Toc35347733]Table of Abbreviations

	RDBMS
	Relational Database Management System

	DDBMS
	Distributed Database Management System

	DDD
	Distributed Database Design









1. [bookmark: _Toc35347734]Introduction

In today’s technological age, it is difficult to find any business of reasonable size that does not in some way electronically store customer data.  Contact details, order history, purchase history and preferences are just some of the snippets of data that make up an electronic customer record.
Databases describe the structure of stored data and the relationship between the attributes. With the volume of data generated on a daily basis, as well as the myriad systems and users that require access, it is necessary to structure the data in a way that is organised, safe and accessible via a large number of interfaces.  
A Relational Database Management System (RDBMS) is a:
	‘collection of normalised relations with distinct relation names’ [1]

Integral to database design are performance tuning, which has been built in to the ShapeUp Gym database and for organisations that are geographically wide-spread, Distributed Database Design (DDD).  DDD is a concept that although not implemented, has been considered and theoretically designed with the ShapeUp Gyms database in mind.	Comment by Kemi Ademoye: Good but not really needed

2. [bookmark: _Toc35347735]Performance Tuning

When designing the ShapeUp Gyms database, it was important to consider how impacts on performance would be mitigated as the volume of data stored increased.  To this end, a number of secondary indexes were created.
The structure of secondary (or non-clustered) indexes is separate from the data and contains key values that point to the relevant data row [2].  They allow for more efficient access to data returned by regularly executed transactions, reducing overheads, minimising impacts on performance and resulting in a smoother experience for the end users
The ShapeUp Gym database has three secondary indexes.

2.1. [bookmark: _Toc35347736]Secondary Index One – Customer Table | GymID Field

In order to target customers with memberships that are due to expire, ShapeUp Gyms may frequently execute transactions against the customer table.  Appendix 1 is an example query whereby the GymID field of the Customer table is used to JOIN the Customer and Gym tables together, as well as ORDER BY GymID in the output to sort the results. 	Comment by Kemi Ademoye: Okay though based on your justification, I would have expected to see a date attribute (column) as part of the index.
This information may be used by marketing personnel to create offers that aim to retain existing customers as well as financial personnel when conducting analyses of each gym’s business performance.  

2.2. [bookmark: _Toc35347737]Secondary Index Two – MembershipPurchase Table | MembershipTypeID Field

As with 2.1 above, a secondary index was created on the MembershipTypeID field of the MembershipPurchase table.  Appendix 2 shows an example query that returns the number of new membership purchases between a given date range.
This may be used in financial analyses or to see which membership package is the most popular.  The query counts the number of purchases between the dates specified where the output is then grouped by membership type (yearly, 6 monthly etc.)	Comment by Kemi Ademoye: Okay

2.3. [bookmark: _Toc35347738]Secondary Index Three – City Table | CityName Field

Secondary index three was created on the CityName field of the City Table.  
Similar to 2.1, marketing teams design promotions that are specific to the area in which they are offered.  The query in appendix 3 extracts customer information such as contact details, location and the EndDate of their current membership based on given city’s stated in the WHERE filter.  This information can then be used to offer existing customers new deals.	Comment by Kemi Ademoye: Okay
3. [bookmark: _Toc35347739]Distributed Database

A Distributed Database Management System allows the dissection of a database in tointo multiple parts and allows users to access data stored both locally and remotely.  The proposed DDD below considers the decentralised nature of ShapeUp Gyms.

3.1. [bookmark: _Toc35347740]Fragmentation Schema

3.1.1. [bookmark: _Toc35347741]Full Table Replication

Given the relatively small number of records in each there is no need to fragment the below relations at this time:
· City
· Gym
· GymMembershipPrice
· MembershipType
· Region
· MembershipPurchase

Selective replication is the most flexible approach and so the above tables should be replicated across all sites along with the fragments described in section 3.1.2.  It is worth considering that the MembershipPurchase relation will be the table in which the volume of data grows most rapidly and so fragmentation may be required if local sites wish to query purchase details regularly.	Comment by Kemi Ademoye: How about using mixed fragmentation for this table. First, apply vertical fragmentation with one fragment containing the info needed by finance, and the second vertical fragment containing the remaining columns. For the second vertical fragment, apply derived fragmentation to locate records at the same location as the parent customer records.
3.1.2. [bookmark: _Toc35347742]Customer Table - Fragmentation

The customer table could potentially hold a large number of records.  As customers are the foundation of the business, it is likely that all departments would want access to the Customer table in some way.
The below schema’s map the out the fragmentations from the perspective of relevant ShapeUp Gym access requirements.

3.1.2.1. Finance Application Fragment – Vertical Fragmentation

In order to correctly manage the finances of the business, the finance department would require access to a number of attributes in order to ensure that bank details are correct and payments can be taken. The vertical fragmentation (S1: ∏) for this table includes only attributes that are pertinent to financial management and so the PassCode, MedicalSummary and JoinDate attributes are omitted.

C1: ∏ - CustomerID, FirstName, LastName, Email, HomeAddress, PostCode, ContactPhoneNo, BankAccountNo, SortCode, GymID, HomeCityCode	Comment by Kemi Ademoye: Okay, but choose columns only really necessary. I think you have chosen too many columns for the finance fragment. Remember that columns are still accessible even if they are in a different fragment. The idea is to locate them where they would be most frequently used.
	CustomerID
	FirstName
	LastName
	Email
	HomeAddress
	PostCode
	ContactPhoneNo
	BankAccountNo
	SortCode
	GymID
	HomeCityCode

	CR000001
	Mike
	Wakelyn
	mike@something.com
	66 Ascot Drive
	SA12 8YL
	07437018764
	NULL
	NULL
	NULL
	C0027

	CR000002
	Kate
	Wakelyn
	kate@something.com
	66 Ascot Drive
	SA12 8YL
	07817937665
	65497825
	11-22-33
	G0001
	C0027

	CR000003
	Luke
	Turner
	luke@turnerweb.com
	8 Goytre Crescent
	SA13 2YL
	07977563258
	14715935
	75-46-79
	G0001
	C0027

	


	
	
	
	
	
	
	
	
	
	


3.1.2.2. Marketing Application Fragment – Mixed Fragmentation

The marketing department would require access to specific attributes as well as specific tuples of the database.  As this is the case, mixed fragmentation is the most appropriate method.	Comment by Kemi Ademoye: Where did marketing come from, and medical (just seen that below)? The case study told you the information was required on a regionally basis with the additional requirement of the finance team being located at HO and having access to payment data. Instead think of the gym where the customer is registered interaction with the customer. Customer goes in to gym regularly and needs to register attendance at the gym and/or at a class.
Firstly, a vertical fragment is generated.  This fragment only contains attributes pertinent to the objectives of a marketing team.  For example, contact details in order to send offers and DateOfBirth in order to target specific age groups.

C2: ∏ - CustomerID, FirstName, LastName, DateOfBirth, Email, HomeAddress, PostCode, ContactPhoneNo, GymID, HomeCityCode
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	HomeAddress
	PostCode
	ContactPhoneNo
	GymID
	HomeCityID

	CR000001
	Mike
	Wakelyn
	1984-11-13
	mike@something.com
	66 Ascot Drive
	SA12 8YL
	07437018764
	NULL
	C0027

	CR000002
	Kate
	Wakelyn
	1986-06-28
	kate@something.com
	66 Ascot Drive
	SA12 8YL
	07817937665
	G0001
	C0027

	CR000003
	Luke
	Turner
	1985-07-12
	luke@turnerweb.com
	8 Goytre Crescent
	SA13 2YL
	07977563258
	G0001
	C0027

	CR000004
	Suki
	Wakelyn
	1990-03-10
	suki@something.com
	30 Abots Close
	SA13 2NE
	07654987321
	NULL
	C0027



It would also be advantages to further fragment by region.  As the RegionCode field does not exist in the Customer table, it is not possible to fragment the table by region directly.  However, the City and Region tables are small and are replicated across all sites, and so joining to these relations will have a relatively low impact on query performance.
Creating horizontal fragments [3] whereby all cities within a given region ensures that users are only able to view the personal details of gym members within the region in which they work.  The minterm predicates in the primary horizontal fragmentation for Customer|City are:	Comment by Kemi Ademoye: Good
North Wales - {CityCode in (‘C0001’, ‘C0002’, ‘C0003’, ‘C0004’, ‘C0005’, ‘C0006’, ‘C0007’, ‘C0008’, ‘C0009’, ‘C0010’, ‘C0011’, ‘C0012’)}
Mid Wales – {CityCode in (‘C0013’, ‘C0014’, ‘C0015’, ‘C0016’, ‘C0017’, ‘C0018’)}
South East Wales – {CityCode in (‘C0019’, ‘C0020’, ‘C0021’, ‘C0022’, ‘C0023’, ‘C0024’)}
South West Wales – {CityCode in (‘C0025’, ‘C0026’, ‘C0027’, ‘C0028’, ‘C0029’, ‘C0030’, ‘C0031’, ‘C0032’, ‘C0033’, ‘C0034’, ‘C0035’, ‘C0036’)}

Further fragmenting the above vertical fragmentation (C2) in to distinct horizontal fragmentations in order to distribute them to the relevant regions:
C21:σ – CityCode in (‘C0001’, ‘C0002’, ‘C0003’, ‘C0004’, ‘C0005’, ‘C0006’, ‘C0007’, ‘C0008’, ‘C0009’, ‘C0010’, ‘C0011’, ‘C0012’) (C2)
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	HomeAddress
	PostCode
	ContactPhoneNo
	JoinDate
	GymID
	HomeCityCode

	CR000017
	Jane
	Doe
	1952-11-13
	jane.doe@email.com
	10 Willow Grove
	LL45 7YG
	07676576675
	2018-03-27
	G0007
	C0002

	CR000018
	Pink
	Panther
	1990-01-20
	p.panther@catmail.com
	95 Ash Road
	LL46 4GF
	07784784784
	NULL
	NULL
	C0002

	CR000019
	Polly
	Pocket
	1977-10-23
	misspocket@email.com
	145 Chesnut Avenue
	LL42 1ZX
	07951456321
	2019-09-29
	G0007
	C0002

	CR000020
	Ragnar
	Lorthbrook
	1965-04-16
	ragnarl@kattegat.com
	44 Kattegat Street
	LL46 6BH
	07468251352
	NULL
	NULL
	C0002




C22:σ – CityCode in (‘C0013’, ‘C0014’, ‘C0015’, ‘C0016’, ‘C0017’, ‘C0018’) (C2)
		CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	HomeAddress
	PostCode
	ContactPhoneNo
	JoinDate
	GymID
	HomeCityCode

	CR000013
	John
	Doe
	1976-05-01
	john.doe@email.com
	123 Conduit Street
	SY21 7YG
	07465465456
	2018-03-27
	G0005
	C0015

	CR000014
	Fred
	Flintstone
	1967-10-10
	NULL
	99 Something Street
	SY23 1NM
	07778456987
	NULL
	NULL
	C0015

	CR000015
	Leonardo
	Turtle
	1988-12-12
	leo@turtlemail.com
	the Sewer
	SY22 3XS
	07994200110
	2018-02-25
	G0005
	C0015

	CR000016
	Tony
	Stark
	1979-07-17
	tony@starkinds.com
	Stark Tower
	SY24 9AZ
	07704108065
	2020-02-17
	G0005
	C0015



	
	
	
	
	
	
	
	
	








C23:σ – CityCode in (‘C0019’, ‘C0020’, ‘C0021’, ‘C0022’, ‘C0023’, ‘C0024’) (C2)
		CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	HomeAddress
	PostCode
	ContactPhoneNo
	JoinDate
	GymID
	HomeCityCode

	CR000009
	Tracey
	Bell
	1956-01-16
	tracey.bell@email.com
	72 Caradog Street
	CF31 1UD
	07852963741
	2019-06-22
	G0003
	C0023

	CR000010
	Steve
	Bell
	1954-08-23
	steve.bell@email.com
	72 Caradog Street
	CF31 1UD
	07654987321
	2019-08-15
	G0003
	C0023

	CR000011
	Jeff
	Maddox
	1962-04-19
	jeff.m@blondie.com
	26 Wildbrook
	CF31 6HB
	07215365287
	2018-03-09
	G0003
	C0023

	CR000012
	Sarah
	John
	1984-08-26
	sarah.jb@someemail.com
	5 Tudor Grove
	CF31 5NJ
	07741963264
	2020-01-02
	G0003
	C0023



	
	
	
	
	
	
	
	
	




C24:σ – CityCode in (‘C0025’, ‘C0026’, ‘C0027’, ‘C0028’, ‘C0029’, ‘C0030’, ‘C0031’, ‘C0032’, ‘C0033’, ‘C0034’, ‘C0035’, ‘C0036’) (C2)
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	HomeAddress
	Postcode
	ContactPhoneNo
	JoinDate
	GymID
	HomeCityCode

	CR000001
	Mike
	Wakelyn
	1984-11-13
	mike@something.com
	66 Ascot Drive
	SA12 8YL
	07437018764
	NULL
	NULL
	C0027

	CR000002
	Kate
	Wakelyn
	1986-06-28
	kate@something.com
	66 Ascot Drive
	SA12 8YL
	07817937665
	2020-01-02
	G0001
	C0027

	CR000003
	Luke
	Turner
	1985-07-12
	luke@turnerweb.com
	8 Goytre Crescent
	SA13 2YL
	07977563258
	2019-12-30
	G0001
	C0027

	CR000004
	Suki
	Wakelyn
	1990-03-10
	suki@something.com
	30 Abbots Close
	SA13 2NE
	07654987321
	NULL
	NULL
	C0027



3.1.2.3. Medical Team Fragment – Mixed Fragmentation 

It is important for medical information to be accessible quickly and by the appropriate people when needed.  People responsible for first aid would need to access the MedicalSummary of customers to ensure safety and correct treatment in emergencies.  It may also be necessary for them to be access a customer locker using their PassCode to retrieve any important medical information or medication such as an asthma pump, should the need arise. 
Of course, it would be inappropriate for these users to access the information of any customers not currently a member of the gym in which they are based, or any financial details of any customer. Mixed fragmentation allows for the division of the table vertically in to the relevant attributes and horizontally by GymID.
The vertical fragment for the medical team:

C3: ∏ - CustomerID, FirstName, LastName, DateOfBirth, Email, PassCode, HomeAddress, PostCode, ContactPhoneNo, MedicalSummary, GymID
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	passcode
	HomeAddress
	Postcode
	ContactPhoneNo
	MedicalSummary
	GymID

	CR000001
	Mike
	Wakelyn
	1984-11-13
	mike@something.com
	123456
	66 Ascot Drive
	SA12 8YL
	07437018764
	Asthma
	NULL

	CR000005
	Steve
	Rogers
	1925-09-21
	captusa@avengers.com
	852258
	Avengers HQ
	SA14 6GB
	07946218567
	NULL
	G0002

	CR000013
	John
	Doe
	1976-05-01
	john.doe@email.com
	252858
	123 Conduit Street
	SY21 7YG
	07465465456
	Heart Attack in 2018
	G0005

	CR000014
	Fred
	Flintstone
	1967-10-10
	NULL
	336699
	99 Something Street
	SY23 1NM
	07778456987
	Senior citizen
	NULL





This could then be further fragmented horizontally.  Below is an example of vertical fragmentation by two GymID’s (G0001 and G0005):
C31:σ – GymID = (‘G0001’) (C3)
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	passcode
	HomeAddress
	Postcode
	ContactPhoneNo
	MedicalSummary
	GymID

	CR000002
	Kate
	Wakelyn
	1986-06-28
	kate@something.com
	234567
	66 Ascot Drive
	SA12 8YL
	07817937665
	NULL
	G0001

	CR000003
	Luke
	Turner
	1985-07-12
	luke@turnerweb.com
	987654
	8 Goytre Crescent
	SA13 2YL
	07977563258
	Weak MCL
	G0001




C32:σ – GymID = (‘G0005’) (C3)
	CustomerID
	FirstName
	LastName
	DateOfBirth
	Email
	passcode
	HomeAddress
	Postcode
	ContactPhoneNo
	MedicalSummary
	GymID

	CR000013
	John
	Doe
	1976-05-01
	john.doe@email.com
	252858
	123 Conduit Street
	SY21 7YG
	07465465456
	Heart Attack in 2018
	G0005

	CR000015
	Leonardo
	Turtle
	1988-12-12
	leo@turtlemail.com
	885522
	the Sewer
	SY22 3XS
	07994200110
	NULL
	G0005




3.1.3. [bookmark: _Toc35347743]Vertical and Horizontal Fragmentation of the Customer Table

Vertical Fragmentation
C1:	∏ CustomerID, FirstName, LastName, Email, HomeAddress, PostCode, ContactPhoneNo, BankAccountNo, SortCode, GymID, HomeCityCode (Customer)
C2: 	∏ CustomerID, FirstName, LastName, DateOfBirth, Email, HomeAddress, PostCode, ContactPhoneNo, GymID, HomeCityCode (Customer)
C3:  ∏ - CustomerID, FirstName, LastName, DateOfBirth, Email, PassCode, HomeAddress, PostCode, ContactPhoneNo, MedicalSummary, GymID	Comment by Kemi Ademoye: Too many and the fragments do not obey the correctness rules for vertical fragmentation.

Horizontal Fragmentation
C21: σ CityCode in (‘C0001’, ‘C0002’, ‘C0003’, ‘C0004’, ‘C0005’, ‘C0006’, ‘C0007’, ‘C0008’, ‘C0009’, ‘C0010’, ‘C0011’, ‘C0012’) (Customer)
C22: σ CityCode in (‘C0013’, ‘C0014’, ‘C0015’, ‘C0016’, ‘C0017’, ‘C0018’) (Customer)
C23: σ CityCode in (‘C0019’, ‘C0020’, ‘C0021’, ‘C0022’, ‘C0023’, ‘C0024’) (Customer)
C24: σ CityCode in  (‘C0025’, ‘C0026’, ‘C0027’, ‘C0028’, ‘C0029’, ‘C0030’, ‘C0031’, ‘C0032’, ‘C0033’, ‘C0034’, ‘C0035’, ‘C0036’) (Customer)
C31:σ – GymID = (‘G0001’) (Customer)
C32:σ – GymID = (‘G0005’) (Customer)

3.2. [bookmark: _Toc35347744]Reconstruction of Global Relations

The fragments described in section 3.1 are complete.  That is, each column of the original Customer relation appears in either fragment C1, C2 or C3. The original Customer relation can be reconstructed using a NATURAL JOIN and UNION query.  This can be represented as:

	C1 ∞ (C21 U C22 U C23 U C24) ∞ (C31 U C32)
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[bookmark: _Toc35347746]Appendices

Appendix 1:
SELECT c.CustomerID, c.FirstName, c.LastName, c.Email,c.GymID, g.GymName 
FROM Customer c
LEFT JOIN Gym g ON c.GymID = g.GymBranchID
JOIN MembershipPurchase m ON c.CustomerID = m.CustomerID
WHERE m.EndDate <= DATEADD(MONTH, 1, GETDATE())
ORDER BY c.GymID ASC


Appendix 2:
SELECT mt.MembershipTypeID, mt.ContractType, COUNT(mp.PurchaseNo) as 'MembershipCount' FROM MembershipPurchase mp
JOIN MembershipType mt ON mp.MembershipTypeID = mt.MembershipTypeID
WHERE mp.PurchaseDate BETWEEN '2020-01-01' AND '2020-06-04'
GROUP BY mt.MembershipTypeID, mt.ContractType


Appendix 3:
SELECT c1.CustomerID, c1.FirstName, c1.LastName, c1.ContactPhoneNo, c1.Email, c1.HomeAddress, c2.CityName, g.GymName, r.RegionName, mp.EndDate as 'Contract EndDate' FROM Customer c1
JOIN City c2 ON c1.HomeCityCode = c2.CityCode
JOIN Region r ON c2.RegionCode = r.RegionCode
JOIN MembershipPurchase mp on c1.CustomerID = mp.CustomerID
JOIN Gym g ON c1.GymID = g.GymBranchID
WHERE c2.CityName IN ('Fishguard', 'Haverfordwest') and mp.EndDate <= DATEADD(DD, 30, GETDATE())
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	[bookmark: feedbackKUS]A very good range of queries to create sample data for the database has been provided with additional, appropriate queries to test the constraints added to the tables. Good effort at implementing the transaction, but there are few things to note. For example, you would not change the customer's Join date as this is an import field to track customer loyalty and retention. The start and end dates in the membership purchase table will keep track of the dates for each membership contract purchased. Also, you do not rollback the transaction when the account is active, so while the INSERT does not execute, the UPDATE does and is committed. (Grade mark: 84.00%)
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	[bookmark: feedbackPAD]A very good attempt. Just some minor comments. Very good check constraints overall, but I would suggest you drop the quantity from the Duration Type check constraint as this is captured in the Duration Quantity column and gives you a more flexible solution. For the OffPeakMembership and Cancel Anytime, although I can see that you have used CHAR because of the N/A option, I would still consider using a BIT type and set it to allow NULLs which can mean either Unknown value or Not applicable. For your decimal fields, specify a size especially in cases where a smaller precision is relevant to optimise the storage of each entry. MonthlyPaymentDay in MembershipPurchase would have been better as an integer as you have correctly identified it stores the day i.e. 1 to 31 to indicate the direct debit payment day, but nonetheless good use of check constraint.  (Grade mark: 90.00%)
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