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ABSTRACT

Two database solutions will be presented to cover the needs of Shape Up Gyms. An analysis and test of the
database structure will be given prior to an introduction of performance improvements via table indexing and a
described distributed database solution. This solution will be broken down by region.
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1) Entity Relationship Diagram (ERD)- Visio
An ERD diagram has been created in MS-Visio to display the table structure with their associated
references.
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Database Implementation and Testing

This section will include a brief demonstration of database creation with its original data and parameters.
No improvements to the database with regards to performance are made at this stage. Constraints and key
references are added during table creation. Cascades for important references have been added to reduce the
chance of orphaned rows.

a) Database Creation
i) Table Creation

The create table insert is run directly with no errors as below. The entire script has been omitted

and contains a database wipe at the onset to ensure an ‘as-real” deployment.

e === ety




i1) Data Insert

The generated data [1] [2] is inserted into the database in compliance with all referential and value-
based constraints with realistic data for the required scenario of Shape Up Gyms.

[ p—

b) Referential Integrity
A number of queries both realistic and complex have been designed to test the referential integrity
between tables.

i) Integrity between customer and card
For a given customer, display the correct card information via a join through payments. Two

selections are shown to display the matches individually and joined.

SOLQueryfisq - DES...Q1\Ollie Bird (521 = * | >
- SELECT c.CustomerID, p.CustomerID,CI.CardID, CI.Cal
JOIN Payment p on c.CustomerID = p.CustomerID

f JOIN CardInfo CI on p.CardID = CI.CardID
WHERE c.CustomerID = 1
Select CardID, CardNo from CardInfo

Where CardID = 1

rdio from Customer c

% -
M Fesits i Messages

CustomerlD  CaliD  Candhle

1 1 4175008015117678

CandD  CandMo
1 4175008015117678

& Query executed successfully.




ii)

i)

Integrity between customer and membership
For a given customer, select the value of their current monthly membership cost via a join between

Customer and MembershipMonthly.

5q \Ollie Bird (64))* SQLQuery1.5ql - DES..Q1\Ollie Bird (53))"
SELECT m.MembershipCostMonthly from Customer c

JOIN MembershipMonthly m on c.MembershipIDMonthly = m.MembershipIDMonthly

WHERE c.CustomerID = 1|

SQLQuerybi.sql - DES...Q1\Ollie Bird (62))* = x [Eellsl

121% -
B Resuts il Messages
! ostMorthly

@ Query executed successfully.

Integrity between Payment and customer to prove the above

This query is designed to test both that the amount paid by the customer matches the value of the
membership for its given duration.
As shown below, the paid amount matches the required amount shown above.

SQLQueryé.sql - DES...Q1\Ollie Bird (62))* = X [SelkeraR i3 Wey Mol | =110 N1 g 5QLQuery1.sql - DES...Q1\Ollie Bi
- /SELECT p.Amount, CI.CardId, c.MembershiplLengthMonths from Customer C
JOIN Payment p on C.CustomerId p.CustomerID
JOIN CardInfo CI on p.CardID = CI.CardID
where C.CustomerID = 1

121% -~

EH Resuts g Messages
Amount Cardld  MembershipLengthMonths
1

@ Query executed successfully.




V)

Extreme Integrity between payment cards used vs employees at a given gym.

This is an extreme integrity check which links almost all tables together via an associated gym.
This references a selection of payment cards used at a given gym with the employees that work
there. This type of query has no use in reality, however, demonstrates the integrity correctly.

A portion of the return has been cut off due to size constraints.

SQOLQueryb.sql - DES..Q1\Ollie Bird (62))" + X

- SELECT CI.CardNo, e.EmployeelD,e.EmployeeFirstName, e.Employee
JOIN Payment p on CI.Cardld = p.CardID
Join Customer ¢ on p.CustomerID = c.CustomerID

JOIN MembershipMonthly mm on c.MembershipIDMonthly = mm.MembershipIDMonthly
JOIN Gym g on mm.GymID - g.GymID

JOIN Employee e on g.GymID = e.GymID

| where g.GymID = 1

y
LastName,GymName from CardInfo CL

21% -
BE Resute EH Messages
CardNo EmployeelD  EmployeefirtMame  EmployeeLasthame  GymName

1 4 Conle Giorgietto Shape Lp Cardff South
2 4513530028448060 16 Prastesia Splain Shape Up Cardff South
3 4913530028448060 27 Andristte Raubheim Shape Up Cardff South
4 4913530028448060 31 Oaude Blacket! Shape Up Cardff South
5 4913530028448060 32 Sevy Souttar Shape Up Cardff South
] 4513530028448060 44 Rousie Coggil Shape Up Cardff South
7 4513530028448060 45 Heman Mapleton Shape Lp Cardff South
8 4175003628767456 4 Comie: Giorgietto Shape Lip Cardiff South
9 417500362876745%6 16 Anastasia Splain Shape Up Candff South

@) Query executed successfully.

Employees by Gym

S0k Queryadd - DES.-Q1\Olie Bird (52" =
=SELECT e.EnployeeFirsthame, e Employeelastiame, g
10TH Gym g on e.GymID = g.GymID
Order By e.GynID

nlame, g. Streetdddress, g.Postcode from Employee e

2w -

B0 Aoz (i Newsages
Enployeefnttame  EnplreelatMame  Gymbame

| Come Ggena Shape Up Carof Souh 0

2 hnamssa Splain Shape Up Carof South 1

1 Andene Rahen Shape L Cardf St

4 Cmde Blackett Shepe Lo Cord South 1§

5 Sy Souttar Shepe Lo Cardff Souh 0

6 Fowe Cagpd Shepe Lo Cardf Souh

7 Heman Hecieler Shape L Card Scush CRATIR
3 Gatn Smon Shepm L Cord Nosh KA N
3 Hase Pryer Srape L Card Nosh AN
€ Cuery ewscuted suconshully,

Employee Average Wage at their Gym

T & Employeer irsthane, o Evployeelastilame, g Gywhame, g
Gym g pn e.GynlD - g.GymID

in Wage w on e MageBand - w.MageBand

Order By w.AvghageValus

ress, g Postcode,w. AugHagevalue from Employes =

Camemte

Scutagond
semon

w080

LB

Dy executed successfly '




vii) All customers processed.

This query unions both membership type tables over all gym IDs to show all customers who have
been through the gym, regardless of membership length.

stomorLastiians, §.Gymhass ily from Customar c
4 membershi ¥ymonc i m.menbership! ¥

n Gym g on m.Gyall = g.GynID

UNTON
SELECT «. CustomerFirsthame, © Customeriastiome, g.Gymhame , c custonerID, c MembershipIDMonthly, c.membershipIDDaily from Customer o
n membershipDaily ml on c.mesbershipIDDsily - el membershipIDDeily
Gym g on al.GymID = g.GywID

e -
= ents G Moo
Cotorerfrations  CitommrLisrs  Grass PR T —r

1 -~ Gy Fape Lip Hewpon m 4 HuLL

1 & e S U S | WL r

1 Adem Sdverrarn ‘Shapa Up Port Talbet L] 1n HULL

PR Gamam S Up S By = T Wi

3 e Tatten S U P T w , Wi

€ e S L i i m 3 i

7 Mt Vebearn S U Smrms Sty 46 ' WL

3 A Seay ] E 3 Wi

1 atele Garte s U et [ s Wi
O Cuery exeeined sucesssialy. DESKTOPAGOKACTIMESELS!

viii) All current customers
This will show all current customers, selected by their end of contract date being greater than the
current date. It returns no values for daily memberships as at the time of writing no customers
posses a day pass at any gym.

SO ChueryB.sql - DES_CY1\Dllie Bird (82" = X
- SELECT c.CustomerFirstName, c.CustomerlLastName, g.GymMame, c.customerID, c.EndDate, FinalPayDate from Customer c
JOTH bersh bershipIDMonthly - m.membershipIDMonthly

ipMonthly m on <

oin Gym g on m.GymID = g.GymID
where EndDate >- GETDATE()

SSELECT c.CustomerFirstHsme, c.CustomerlastName, g.GymName , c.customerID , c.EndDate, FinalPayDate from Customer c
n membershipDaily mD on c.membershipIDDaily - mD.membershipIDDaily
Gym g on mD.GymID - g.GymID

Whera EndDate GE TE
1% -
[ Fesuts 8 Messages
CustomerFrsthlame  CustomerLasthlame  Gymblame customeril)  EndDate FralPayDate
1 | Tompes Shape Lp Hewpat E) 2SS 2020525
2 Wathar Shape Up Cardff Meh 47 0N0516 20210518
3 Panbles Shope Up Budgend 56 0210608 20210608
4 Tomcromki Shape Up Casdfl South 160 AN 200140505
5 Finmewr Shape Up Condff South 177 24508 20210508

Customerfistlame  Customerlssiblame  GymMame  customerl)  EndDele  FinalPayDate

) Query evecuted successfully.




ix) Employees by Job Role

SO Queryfisql - DES. QT\Olke Bird |

SELECT e EmployeeFirstMame, e Employeelastllane, g GynName, g.StreetAddress, g.Postcode,j RoleName frem Employee e
N Gym g on e.GymID = g.GynID

oin JobRole § on e EmployeeRole = j.RaleID

Order By @ Employsetola

ErglcyesFrsitlans _ Erploeslasilans  Gyshlams Street bt Fescode  Fciablars

+ [Haten Croske Shage Lp Hewport 2 Manager

2 Kese Craythom Shape Lp Bncgend Manager

1 Awels Treffry ‘Shape Lip Cardff Noth Manager

4 Onon Cumberbtch Shape Lip Brdgend Manager

5 T Bedds Shage Up Card Corsral Hanager

B Lenam = Shags Lp Camartten Manager

T Fusdnach Shage Lp Smansen. Poe Mead Manager

B ey Batholn Shape Lp Swanses. Sketty Manager

5 Les Voo Shage Up Smanses Boy E Mg
woum L Shaps Up Fort Tabit Marager
Wk Cutey Shage Lp Smansea Bay Manager

12 Main ol Shage Lp Swansea. Pt Mead Fnarcial Anivt
™ ey Matpasrey Shage Lp Swansee. Suctty Franal Ansit
T Macleod Shape Up Smanses oy Franaal Ansys
15 Hers Fane Shaps Up Cardf Corerel Frareal At
B Cn Hearea Shas L Brckgend Frarcsal At
7 G [ Shaps Lp Carcf Cerural

i
i

0 Query executed successtully.

¢) Transactions / Constraints

Transactions have been designed to test the integrity between tables via value inputs. This
will test both the values directly inserted and their referential equivalents. The transactions are
dynamic and select current values for ID when inserting records.

i. Duplicate Id

This transaction will attempt to add a new customer however the ID has not been
inserted correctly. The transaction will rollback.

3y, Postcade, Hembershiplibarthly, MembershipiD0uily, StarDats, EniDuete FiralFardets

ii. Incorrect Postcode
This transaction will attempt to add a new customer with an invalid postcode. The
maximum length accepted is 9 characters.

F. StariDate. Erate

intrmeriastians, Sovssmetrtusbar, Strostidires, City, Pratoods, ek

urtamarID, Upfrant(oatPasd] valuss WPupmnts 1, 645, BCandIS < 1, fCatomarIS o 1,




ili. Non-Existent Membership ID
The below transaction attempts to add a customer with a membership ID which does
not exist in the membership table.

iv. Update existing customer with a new membership.
This is a complex transaction as outlined in the project spec. It will take in an
existing customer and modify their membership to an equivalent monthly one once
their current membership has finished.

For example, Customer ID 1 wishes to update her membership. Her current
membership was due to expire on 2020-08-18 as shown below.

After running the supplied transaction, the customer now has an extra month added
on to her payment cycle (EndDate) and the full 5 months added to her final payment
date.

Indgate 1 Starthate FinalFadete farirasiongth, Starthate




Nentowuitith  MestantoDlsh 3 Mt gt barta Vestut e e

The results are as expected given the scenario: A Smonth membership after her
current single month membership.

v. New Customer
This transaction creates a new customer who is purchasing a fixed length
membership.

£ e e st ST SO MR

vi. New Gym + Customer

The below dis

1ys the creation of a new gym and the addition of a customer.

s (PaRID + 1, Inle RTS8 1
e, WousslameOriosbar , Streethddrin, City, Postends, MesbarthlslMarthly, Hesbershl

atly, Startbuts, EndDate,FlsalPaDite

0 Gy s ey RBP4 SRS




. New Employee

This will add a new employee.

EnployasID FRM Employes

FMusber, Strestiddress, City, Postcode, Eeployesfole, GysID, WogeBand, OfficelD
TRB 4E1°, 2. 6, 3, 1);

mplayee (EmployeelD, EmployeeFirstiose, Employeetasthisms, Houselios
‘eringle B Pa a

END CATCH

wmw -
W Memagen

me -
) Query esecuted successhully

Bad Card Number

This transaction simulates a failure in inputting the card number. The overflow error
seen is due to the card number inserted being too large for the constraint applied to
that column.

BT Soo SR

3) Indexing

The database and use cases for it have been analysed to generate performance improvements via indexing.
Considerations have been made regarding frequent similar queries from the various departments.

The proposed below solution will improve performance of many common queries.

The indexes proposed only apply to tables which would contain large amounts of data, in this case
Employee and Customer. These tables could ultimately contain 1005 to 1000s of rows of data which are
frequently required to be searched and displayed. The payments table has been chosen not to be indexed as




it is inherently with payment ID. Payments are logged incrementally as they are made, hence the date is
purely an identifier of when it was paid and hence should not be indexed.

a) Customer Indexing

It is proposed that four additional secondary indexes are applied to the customer table to speed up
transactions.

The first is to index last name alphabetically. This is done as both by convention and for query speed. It
is a common query of this type of database to return customer’s names, whether that be from a
receptionist, manager or financial expert. In the case of a receptionist, indexing by last name improves
return speed when searching for a specific name as opposed to a customer ID. When viewing the data
as a larger cluster, or when selecting all rows, logical sense dictates that there be an order other than an
arbitrary ID value, in which alphabetical makes the most sense.

The second proposed index is of the value of the customers ‘end date’. This value corresponds to the
end of their current payment cycle, for example each month of payment would have an end date of the
end of that month, however an upfront customer of a fixed term would have an ‘end date’
corresponding to the final date their current paid for membership is valid. Indexing then by this field is
of value primarily to the finance and membership management employees. For example, this specific
index aids in viewing current customers, by selecting a value of ‘end date’ to be greater than or equal to
the current date as shown below:

Select CustomerFirstName CustomerLastName CustomerID StartDate EndDate from Customer
‘Where EndDate >= GETDATE()
Order by EndDate

This is an extremely common transaction and will be used by both of the above departments, in some
cases with further selections imposed (such as by gym as below).

Much the same as indexing by ‘End Date’, it is also proposed to index by Final Payment Date. In much
the same scenario in which the group wish to identify longer term customers, or to exclude them in the
case of finding customers who are coming to the end of their membership. The below is an example of
such.

Select CustomerFirstName CustomerLastName CustomerID StartDate EndDate from Customer
‘Where EndDate >= GETDATE()

AND

‘Where Endate < FinalPaymentDate

Order by EndDate

The final payment date of a customer also aids to identify longer term profits as the customer is
guaranteed to remain paying for that length of time, hence the reason for this indexing.

The final index chosen for the customer table is that of MembershipIDMonthly, and by extension gym
ID. When querying the database in bulk with regards to all customers, the indirect join between gymID
and customer provides an extremely useful logical order. If this kind of query were to be run each day,
it makes sense to index via this field.

b) Employee Indexing

The second proposed table for indexing is the employee records table as it also contains a large number
of records, with many foreign key references.




As with customer name, there is solid logical reasoning behind ordering the names alphabetically, as
well as the gain in search speed. The same is proposed for the employee table in which the last name is
indexed alphabetically.

The final proposed indexing is via the Employee Role field. Both employee role and gym ID will be
indexed to order the roles into gyms. Queries looking up employees by role for both finance and by
region gyms are improved by this index, such as a search of all employees when comparing wages via
finance, or a potential extension to this database in which employees would have rotas and jobs as part
of newly created tables.

Distributed Database Model

The second potential improvement to the current design of the database is to use a distributed database
model in which the original database is fragmented into various smaller sections and physically located in
various areas.

The below design will split the database both horizontally and vertically via views and select queries on
those views to fragment the database initially by region.

In the case of the finance and management teams overseeing all of the gyms, no distributed model is
implemented as all of the available tables are useful to those in some capacity .

a) Horizontal fragmentation

The database will be fragmented using the where clauses associated with the respective regions for
each gym. This will be done inclusive of both daily and monthly membership tables for allow for a
complete view. These are detailed as below:

o VI1- All tables, excluding wages and card information, including monthly membership where
region ID =1

o V2- All tables, excluding wages and card information, including Daily membership where
region ID =1

s V3- All table, excluding wages and card information, s including monthly membership where
region 1D =2

s V4- All tables, excluding wages and card information, including Daily membership where
region 1D =2

o V5- All tables, excluding wages and card information, including monthly membership where
region 1D =3

o V6- All tables, excluding wages and card information, including Daily membership where
region ID =3

s V7- All tables, excluding wages and card information, including monthly membership where
region ID =4

o V8- All tables, excluding wages and card information, including Daily membership where
region ID =4

e V9- All tables, excluding wages and card information, including monthly membership where
region ID =5

o V10- All tables, excluding wages and card information, including Daily membership where
region ID =5

The database is reconstructed via the union of all of these fragments via UNION ALL.

The view for the finance department is created via the union of all of the above fragments, with the
addition of the wages and card information table supplied via an inner join to the employee and
payments table. This also has the effect of global reconstruction as the original database 1s re-
formed as required for the finance department.




The created views can be found below:

SQLCueryd sql - DES.O1\Olke Bird (35" & %
mRegiontanthly AS
* #rom paysent p
customer ¢ on p.PaymentcustomerID = ¢.customerID
membershipMonthly m an ¢ CustomermenbershipIDManthly = m.mesbershipIDMonthly
in Gym g on m.MembershipMonthlyGynlD - g.GymlD
Regian ¢ on g GysRegioald - r.Regionld

Esployee & on g.gymlD - e.EmployeeGymId
JobRale jr on e.Employeefiole - jr.RolelD
whare g.GynRegionID - 1

custaner ¢ on p.PaymentcustonerIh - ¢ customerID
1 ipaily m on c.Cus y - m.mewborshipIooaily
in Gym g on m.MembershipDailyGymin - g.GymID
1N Region r on g.GymRegionID - r_AegionID
1N Emplayee @ on g.gyRID - @ EmployoeGymId
in JebRole jr on e.Ewployeefole - jr.Roleld
where g.GynRegionID - 1

€ VIEN SwanzeatysRegionbanthly AS

1mE -

Guery executed successully.

A potential argument could be made for further vertical fragmentation of each of these views, for
example between customer related information and employee, however in the case of each region, all
of this information is necessary and can be stored as such in the horizontal fragment and selected from
directly which acts as a vertical fragment. The reconstruction is then simply then outer join of each
vertical fragment of each view, and the union of each of those views as listed above.
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GRADEMARK REPORT

FINAL GRADE

83100

GENERAL COMMENTS
Instructor

An excellent solution. You demonstrate an in-
depth understanding of database design and you
have produced a well-planned solution. You have a
good command of the SQL environment excellent
implementation of test data and subsequent
testing. You have produced and documented
thoughtful transactions again to test out the
structure. Good analysis of the distributed data
requirements and the production of appropriate
views to support your theories. Try to improve you
report layout a little place page number in your
TOC and add figure legends to your images.
However, an excellent submission.
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