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Abstract
A report on the method used to design and distribute a database for a chain of gym’s with branches in different regions this report covers, the methods used for design, implementation and testing.

Frequent Queries 
Here the developer explores the types of queries the end user may need to make to interact with the database in the live environment, by analysing this we can break down the types of data we will retrieve, and see where a secondary index can be implemented to decrease operational time 
The first of the frequent queries, this will often be used within sub queries to find the gym from the customer table 
SELECT GymID FROM Customer WHERE CustomerID = C#######
In this query it will return the most recent purchase date from the membership purchase table 
SELECT MAX(PurchaseDate) FROM MembershipPurchase WHERE CustomerID = C#######
This query will be used frequently alongside the one-time payment fee and monthly payment fee, for finding the relevant prices for the gym the customer attends  
SELECT JoiningFee FROM GymMemberShipPrice WHERE MembershipTypeID = 1 AND GymID = (SELECT GymID FROM Customer WHERE CustomerID = C#######)
SELECT OneTimePaymentFee FROM GymMemberShipPrice WHERE MembershipTypeID = 1 AND  GymID = (SELECT GymID FROM Customer WHERE CustomerID = C#######)
SELECT MonthlyPaymentFee FROM GymMemberShipPrice WHERE MembershipTypeID = 1             AND GymID = (SELECT GymID FROM Customer WHERE CustomerID = C#######)




This query is more for getting customers with information joined from other tables, such as the gym name and the name of the city
SELECT c.CityName,c.CountyName, G.GymName, t.FirstName, t.LastName, t.EmailAddress FROM Region r 
INNER JOIN City c ON r.RegionCode = c.RegionCode
INNER JOIN GYM G ON c.CityCode = G.CityCode
INNER JOIN Customer t ON G.GymBranchID = t.GymID
 WHERE G.GymBranchID = 1 ORDER BY t.FirstName	


[bookmark: _Toc35548620]Secondary Indexes 
The developer has made use of secondary indexes [1] on columns that are frequently accessed to improve the speed of interaction with the database, By default a foreign key is not an indexed column, but it is frequently accessed through referential integrity, joins and queries. For enhancing the performance of the binary tree search, adding an index to commonly accessed columns will increase the speed that an operation is performed by giving it a static, unique identifier that can be used for finding the desired result. 
Secondary indexes used incorrectly can have a negative impact on performance, especially when the index is initiated on a column that would not be frequently used in the live environment, thus making it a waste of resources to maintain an index that has no use. 
The three secondary indexes implemented by the developer serve a relatively simple purpose, and that is to speed up interaction. 
The first chosen secondary index Is on the “GymMemberShipPrice” table, as this heavily relies on referential integrity to get the membership package, and gym id to link the values together. This is the ideal candidate for a secondary index as it will called upon very frequently, by users and sub queries.
[image: ]
With a query such as this, the benefits of this will be great in the live environment. 
SELECT * FROM GymMemberShipPrice WHERE MembershipTypeID = ‘1’ AND GymID = ‘1’
The next index was based on the membership purchase table, CustomerID as this will frequently used in transactions for updating the price of a membership, it is not a primary key and it can be in any order in the table, so ordering it by the CustomerID may be more organised than the primary key 
CREATE INDEX MembershipPurchaseCustomerIDIndex ON MembershipPurchase(CustomerID)

The final index would be on the first name of the customer table, this is commonly for users to search for their name to retrieve their customer ID, in the case they forget their card or don’t know their unique identifying code. 
CREATE INDEX CustomerNameIndex ON Customer(FirstName)

[bookmark: _Toc35548621]Distributed Database Solution
In this section the developer discusses the fragmentation schema implemented, Selective replication to distribute the database amongst the 4 regional areas with a homogeneous system, each regional area will have their own Gym branch. This fragmentation schema will allow for a complete distribution with no dependencies on other branches allowing for the fastest possible database interaction from the individual branches 


Region – Horizontal
For region I have fragmented the data by the region code, so for each split we will update the ‘where’ criteria to each region code, by doing this we can consistently get the desired result for each distributed table 
[image: ]




City – Derived Horizontal 
For city I will be horizontally fragmenting the table splitting the data by the city name column. This will return all the relevant records when altered for each city. 
This is Derived from the Region where each region has an associated city 
[image: ]
Gym - Derived Horizontal 
For the current size of the company we can fragment horizontally by the city code, or the gym branch id, but if we use the city code to find the gym and if shape up were to expand and add more locations in the same city, this means of fragmentation will result in duplicate results, thus the developer opted for the ‘GymBranchID’ as the means for fragmentation.  
This is Derived from the city where each city has an associated gym, Could also create this table by using the city code. 
[image: ]
Membership type - No Fragmentation 
For membership type it must become a centralised or duplicated record without fragmentation due to the nature of the data it is not changed often and if it changes for any of the fragmentations it must remain consistent at all sites. 
SELECT * FROM MembershipType

Membership price - Derived Horizontal 
For the membership price fragmentation schema, we will find the records using the gym id for location the prices for each gym, this will lead to a consistent result derived from Membership type and Gym ID foreign keys 
[image: ]
Customer - Derived Horizontal 
For the Customer record fragmentation schema, we will find the records using the gym id for separating the customers by the gym they attend. This may become an issue when a customer attends many gyms, but for then they would have to open a new account under a different customer ID.  When distributing this table, we will initialize ranges for customer identities, such as c000001 – c100000 as the range for the first gym and so on for the other gyms, this will ensure when we re-join the tables that there is no two similar customer numbers and customerID can remain the primary key 
This is derived from the Gym table fragmented by City 
[image: ]
Membership purchase – Derived Horizontal 
Selecting membership purchase records is a little more tricky because the table doesn’t contain any location binding parameters, so what the programmer has chosen to do is to use a sub query to get customer id based on the associated gym, this will return transactions based on customers grouped by their gym [image: ]

[bookmark: _Toc35548622]The reconstruction of global relations from the fragments.
Throughout the distributed system there it will be possible to re-build the database in a centralized location if required, because we chose to duplicate the membership type table, that’s why you don’t see it here. But The select statements show how we could join those records back together using a ‘create tablename as’ function combined with a union function. Using a union is only relevant with horizontal fragmentation, if you’ve used vertical you would use a join 
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[bookmark: _Toc35548623]File One
In this file the programmer creates all the tables [1], implements primary and foreign keys and check constraints to improve integrity of data. 
This file also contains the code required to create indexes [2] on the specified columns. 
[bookmark: _Toc35548624]File Two
In this file the database is populated and tested. The First batch of insert statements are simple statements to populate, then a procedure [3] is created for dynamically populating the database from the customer table.
[image: ]
(Resize as required)

This procedure [4] can be used to insert a new customer into the membership purchase table with new transactions. To execute this code for each transaction [5] is very simple, initially I did not know about procedures but some research into transactions lead me to finding procedures and I was able to create this. Now I can simply execute the stored procedure [6] with different arguments to reduce the amount of code that once existed. 
[image: ]


Next, I created a transaction [5] to update a customer’s bank details and add time to their existing membership 
[image: ]

For this transaction, it operates similarly to the add new customer transaction but instead it looks at the old end date, by querying the table and then checks if the date is greater than the current date, then add the specified amount of months onto the stored end date of the customers current contract. If the customers membership has expired, either the new start date Is to be specified or it will be calculated from the current date. 



The next segment of code is a batch of transactions [7] for testing the check constraints implemented, these would not be used in the live environment, purely for the testing the constraints are working as expected when fed out of bounds data. If the test is successful, each batch of transactions will display an error message to the log informing those that are interacting with the query that the constraints is operational.  The developer could have tested these using simple inserts but chose to use a transaction to get an error message. 
[image: ]
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139 ICREATE PROCEDURE PNewMembertiembershipPurchase

140 EcustonerTovar VARCHAR (7),
161 @urationofvenbership int,
142 ecustonerpackagevar int
183 s
184 BEGIN TRANSACTION Newemberenbershippurchase
145 = BEGIN TRY
146 DECLARE @Customerstartoatevar DATE --purchase date
147 DECLARE @CustomersaynId int
185 DECLARE @Customerenddatevar DATE
143 DECLARE @Purchaseate DATE
158 DECLARE @uextPaymentate DATE
151 DECLARE @OneTineFeePrice MONEY
152 DECLARE @loiningFeePrice MONEY
153 DECLARE @PackagePrice MONEY
154 DECLARE @LastPaymentDate DATE
155 DECLARE @STATUSVr VARCHAR(7)
155 DECLARE @EndDatequery DATE
157 SET GCustomerStartDatevar - (SELECT JoinDate FROM Customer WHERE CustomerTo - @CustomerTOVar) —-purchase date
158 SET @CustomersGyID = (SELECT GyNID FROM Customer WHERE CustomerID = gCustonerIDvar)
153 SET @Customerendoatevar = (SELECT DATEADD(nonth, @urationOfiienbership,Customerstartoatevar)) --finds the end date of the contract based on the duration and the start date of contract
168 SET @eurchasebate = (SELECT Hix(PurchaseDate) FROM Membershippurchase WHERE CustomerID = gcustomerIovar)
161 SET @loiningreePrice = (SELECT JoiningFee FROM GymesbershipPrice WHERE MembershipTypeId - ECustomerPackagevar AND GYMID = @CustomersGymID)-- gets the price of the joining fee, only relevant if starting a contract
162 = IF(GPurchaseDate IS NULL)--if the latest purchase date is empty they're a new customer so have to pay upfront
163 SET @PurchaseDate - GCustomerstartoatevar
1F (BCustomerackagevar = 3) -- if the customer package is 3 for pay as you go then show the one tine fee
165 L eeem
165 SET @oneTineFeePrice = (SELECT OneTinePaymentFee FAOM GymienberShipPrice WHERE MembershipTypeId = ECustomerpackagevar 410 GymID = ECUStonersGymID)
167 SET @Packageprice = null
163 oo
163 ELSE --if the package is anything other than 3 get the nonthly payment fee for the customer
e 5 eeem
m SET @PackagePrice - (SELECT MonthlyPaynentFee FROM GymemberShipPrice WHERE MembershipTypeId - GCustomerpackagevar AWD GynID = GCustomersGymID) --gets the Monthly Payment fee based off of the users ID/Gym D
172 SET goneTinereeprice = null
173 oo
174 5 IF (éourationofMembership > 1) --if the duration is longer than 1 month find the next payment date
175 4 eI
76 SET @LastPaymentDate =(SELECT DATERDD(day, -3, (SELECT DATEADD(ronth,-1,@CustomerEnddatevar)))) -- inds the last payment by getting the end date, reducing it by one month, then 3 days
177 SET @uextPaymentate = (SELECT DATEADD(day, -3, (SELECT DATEADD(nonth,1,@eurchaseDate)))) --finds the next payment date by adding a month then removing 3 days from the latest payment date
178 WHILE (énextPaymentDate <= (Getdate())) --quick loop to find the most recent purchase date
173 BEeT
188 SET extPaymentDate = (SELECT DATEA00(nonth,1,@PurchaseDate)) --finds the next payment date by adding 3 month
181 2 IF (@NextPaynentoate < (GetDate())) --if @NextPaymentoate was due before today
182 SET GPurchaseDate - @iextPaymentDate - set the most recent purchase date as the last calculated payment date
183 END -- could have included an increment here to calculate the amount of months passed, being able to then calculate what we've received so far and how much to go if monthly payments
184 oo
185 = IF (&Customerenddatevar < (Getoate()) AND @urationOféembership > 1) --if the mesbership has expired and if the duration is more than 1, otherwise purchase date will be null.
185 SET @Purchasebate - GlastPaymentDate —-set the last purchase date as the last payment date
187 o IF(@Customerenddatevar >= (Getoate())) --checks end date is greater than current date
188 SET GSTATUSVar = 'ACTIVE' —-if it is greater than current date set status as ACTIVE
183 eLse
10 SET GSTATUSVar - 'EXPTRED’ —-will set as expired if over
11
192 = INSERT INTO Membershippurchase(--populates table with data
153 CustonerID, MembershipTypeID,Startbate, EndDate,PurchaseDate, JoiningFeePrice, OneTinereePrice, NonthlyFeeprice, HonthlyPaymentoate, LastPaynentDate, Membershipstatus) --with these values dynamically found
154 VALUES.
155 «
156 ECustonerTovar, BCustonerPackagevar, GCustonerStartoatevar, --inserts the custoser id, package choice and start date
157 ECustonerEndoatevar, -finds the end date of the contract of membership purchased
158 @eurchaseDate, --the most recent payment date
158 @loiningFeeprice, --gets the joining fee fron gymeenbershipprice table based on the customers id
200 @oneTinereeprice, -- OneTineFeePrice not applicable in a monthly contract.
201 @rackageprice, --gets the Monthly Payment fee based off of the users ID/Gym 1D
202 @nextraynentoate, -finds the HonthlyPaymentDate 3 days before the end of the active month
203 @Lastpaynentoate, -- The last payment expected of the contract
204 @sTaTUSVar
205
206
207 || COMMIT TRANSACTION;
208 END TRY
203 BEGIN CATCH - An error occurred, rollback changes
210 ROLLBACK TRANSACTION;
m THROW; -~ Throw the error that triggered catch block to calling program
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BEGIN TRY
DECLARE @uewankaccountiumber int = ‘12341212
DECLARE @uewsanksortcode int = 123412"
DECLARE utleustartpate DaTe
DECLARE @ucustomerseymID int
DECLARE @uCustoserEnddatevar DATE
DECLARE @upurchasepate DaTe
DECLARE GutlextPaymentoate DATE
DECLARE GuoneTimeFeerrice HONEY
DECLARE @uloiningFeerrice HOUEY
DECLARE GupackagePrice ONEY.
DECLARE GuLastpaymentoate DATE
DECLARE QUSTATUSVar VARCHAR(7)
DECLARE @uEndDatequery DATE
DECLARE @UCUstomerIDVar VARCHAR(7) - *C209001"
DECLARE @upurationofiesbership int- ‘12"
DECLARE Gucustonerpackagevar int
DECLARE @uCustomerstartDatevar DATE = (SELECT AX(StartDate) FRON MembershipPurchase IHERE CustonerID = GuCustonerIovar)
SET GUCUStONersGyRID - (SELECT GyNID FROM Customer WERE CustonerD - GuCustonerIovar)
SET GuPurchaseDate ~ (SELECT 1ax(PurchaseDate) FROM Bembershippurchase WHERE CustonerD - GuCustonerTovar)
SET @uloiningreeprice = (SELECT Joiningree FRON GymienbershipPrice WERE MembershipTypeID - GuCustonerpackagevar AID GyTD = GuCustonersGymID)-- gets the price of the joining fee, only relevant if starting a contract |
SET GuEndDateQuery - (SELECT Hax(endbate) FROM Membershippurchase WHERE CustomerID - GuCustomerIDar)-- checks the custoners current end date
TF (guEndDatequery > (GetDate())) --checks if the current end date is in the future
SET @uNeustartoate - guEnddatequery —- 1f the current end date is in the future Set the new start date of the new contract to be the old end date
ese
SET @uNeustartoate - (Get0ate()
SET @uCustonerEndDatevar = (SELECT DATEADD(nontn, @uburationofhembership, GuNeustartbate))  --Finds the end date of the contract based on the duration and the stert date of contract
I (BuPurchaseDate IS WLL)--if the latest purchase date is empty they're a new custoner So have to pay Upfront
ST GuPurchasebate - guCustonerstartpatevar
IF (@ucustonerpackagevar = 3) - if the custoner package is 3 for pay 35 you g0 then show the one tine fee
eaIn
SET @uoneTineFeeprice - (SELECT OneTinepaynentree FROH GymienbershipPrice HERE NembershipTypeID - GuCustonerpackagevar A0 GymID - GuCustosersGymid)
ST @upackageprice - null
&0
ELSE —-if the package is anything other than 3 get the nonthly payment fee for the customer
eaIn
SET @uPackagePrice — (SELECT MonthlyPaynentree FROH GymenbershipPrice WERE WembershipTypeld - GuCustonerracksgevar 4O  GymID - UCUStoMersGynID) --gets the Honthly Payment fee based Off of the users ID/Gym 1D
ST guoneTineFeeprice - null
&0
IF (@uburationdfienbership > 1) --if the duration is longer than 1 month Find the next payment date
eaIn
ST gulasteaysentoate
ST Gutextpaymentate.
WHILE (GuNextPaynentoate
=
SET @uNextPaymentDate - (SELECT DATEADD(nonth, 1, @uPurchasepate)) --Finds the next payment date by adding a month
IF (@uNextpaynentate < (Getoate())) --If @uextPaymentDate was due before today
SET GuPurchaseDate - GuiextPaymentoate - set the most recent purchase date as the last calculated payment date
EID - could have included an incresent here to calculate the amount of months passed, being able o then calculate what we've received so far and how much to g0 if monthly payments
&0
TF (@uCustonerendoatevar < (cetDate())) —-if the membership has expired and if the duration is more than 1, otherwise purchase date will be null.
SET GuPurchaseDate - GuLastPaynentDate --set the last purchase date as the last payment date
IF (@uCustomerEndDatevar = (cetDate())) ~-checks end date is greater than current date
SET QUSTATUSVr - 'ACTIVE' --3f it 1s greater than current date Set Status as ACTIVE
ese
SET guSTATUSVar = ‘EXPTRED

SELECT DATEADD(day, -3, (SELECT DATEA0D(ronth, -1, GuCustonerEndDatevar) ))) —- Finds the last payment by getting the end date, reducing it by one month, then 3 days
(SELECT 0ATEADD(day, -3, (SELECT DATEA00(nonth, 1, @uPurchaseDate)) ) --Finds the next payment date by adding 3 month then removing 3 days from the latest paynent date
(cetoate())) ~-quick Loop to Find the most recent purchase date

Wil set 35 expired if over

IUSERT TNTO Membershippurchase(--populates table with data
Custonero, embershipTypen,Startbate, Endoate, PurchaseDate, JoiningFeePrice, oneTineresprice,
HonthlyFeeprice, honthlypaynentoate, Lasteaymentoate, enbershipstatus) —-with these values dynamically found
VALUES

¢

Gucustoner ovar, GuCustonerpackagevar  GuCustonerstartoatevar, —-inserts the custoner id, package choice and start date
@uCustonerEndoatevar, --finds the end date of the contract of membership purchased

@upurchaseDate, ——the ost recent payment date

@uloiningreeprice, --gets the Joining fee fron gymmenbershipprice table based on the custoners 1d

GuoneTinereerice, - OneTimereeprice not applicable in a monthly contract

Gupackageprice, -_gets the Monthly Payment fee based off of the users ID/Gyn D

@unextpaynentoate, --finds the MonthlyPaymentoate 3 days before the end of the month of active menbership
GuLastraynentoate, -- LastPaymentoate

usTATUSUAr

)
UPDATE Custoner SET Bankaccountio - @iewSankaccountiiumber., SOrtCode = @NeWBaNKSOMtCoge WHERE CustonerTD - GucustonerTovar
COMMIT TRANSACTION;

£ TRy

BEGIN CATCH - An error occurred, rollback changes

ROLLBACK TRANSACTION;

THROW; -~ Throw the error that triggered catch block to calling progran

B0 cATcH;
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BEGIN TRANSACTION Congreaker --used for testing all of the constraints at once with a nice print out

~BEGIN TRY
INSERT TNTO REGION (Regioncode, Regioniane)

VALUES

¢

"WEST', —-tests the Check that states region code must be like ‘N','E",’S",
*1* --tests the length constraint that ensures that it is greater than 2

)

&0 TRY

BEGIN CATCH

PRINT i youre sesing this the CC_Region_Regioncode constraint works'

£ CaTcH;

~BEGIN TRY
CINSERT THTO City (CityName, Countyname, RegionCode) VALUES

('s*, --city nane must be longer than 1 letter

“u,--County name must be longer than 1 letter

s’y

&0 TRY

BEGIN CATCH

PRINT *if youre seeing this the CH_CITY_Cityllane constraint works'

£ aTcH;

BEGIN TRY

“INSERT INTO G (Gymiane, Gymaddress, CityCode, PostCode, Telephonelio) VALUES
(*shape Up Suansea’,

s Kingsuay’, ‘1,

'sal’, --check postcode is longer than &

*61752") -~check Phone number 1s longer than &

&0 TRY

BEGIN CATCH

PRINT *if youre seeing this the CHK_GVi_post_code constraint works’

£ aTcH;
~BEGIN TRY

DISERT 170 Wesershigype (Packageiame, VDescription, ContractType, DUrStiGnType, UPSCIGNGUANELLY, OffReskERDErSEp,  Cancelinytine) VALUES
C'erensun', Full sccess 1o &yn and spe, . free arinks fron vending- |

‘Monthlyy', --must be either daily or monthly

‘Contract’, ‘30", 'FALSE',

EALSER) sk b exther TUE or FaLSE

a0 T8y

seca Carcw

PRINT *1F youre seeing this thecHt HembershipType_ContractType constraint vorks*

1o caron;

~BEGIN TRY
IUSERT THTO Customer (CustoserTD, GymD, Firstiame, Lastiane, Date0fBirtn, Emailaddress, PassCode, Homeaddress, HoneCityCode,
Postcode, ContactPhonefiumber. edicalsumary, Joindate, BankAccountho, SortCode )  VALUES

(*coeeee1’, '1", ‘John’, "ahoo’,

12978-3-3', —-008 date cant be in the future check

*3Mahoogemail.co.uk ,

*Sua*,—check password is longer than &

*142 evans street’,"1’,

*524", -—check postcode is longer than &

‘01752 aadsss, healtny

12645-1-12", -_join date cant be in the future check

124524524, 123355")

&0 TRY

BEGIN CATCH

PRINT "5 youre sesing this the CHC_CUSTOMER Joinbate constraint works'

£ carcH;

(COMMIT TRANSACTION; -~ this will fail because all checks are violated, for testing i execute each one Individually





image1.png
CREATE INDEX GymlemberShipPricetlenbershipTypeIDIndex ON GymMemberShipPrice
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