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Abstract

A case study has been provided for a company known as Shape Up Gyms who are looking to upgrade
their I.T systems. This report will look at distributed database solutions and performance tuning to
provide Shape Up Gyms with a database solution that meets their criteria and streamlines their
database performance.

Case Study - Shape Up Gyms

Shape Up Gyms is a small company operating out of Swansea who are expanding their service of
providing access to modern gyms under affordable membership plans to other parts of Wales. To
support a growing customer base and improve services, Shape Up Gyms are to upgrade their .T
systems and require the following from the new system:

e Adistributed database model is used

e Each gym sets their membership prices

* Gyms may require a joining fee

e Customers have the choice between a daily pass or fixed term membership
* Membership fees can be paid all at once or monthly

Shape Up Gyms Solution

Two problems that Shape Up Gyms currently face is producing a distributed database solution and
performance tuning for their most important transactions. The following sections will provide a
proposed solution to both problems.

Distributed Database Solution
Per the case study requirements, a distributed database solution was required over a centralised
database solution.

A centralised database solution stores the databases at a single location where it is maintained. This
offers an advantage of maximum data integrity and minimal data redundancy as the data is stored in
one location making it easier to coordinate consistent and accurate data whilst minimising
redundant data entries. Whilst a central database solution provides advantages in terms of data
quality, this fetches disadvantages of reduced performance as it takes longer to search and access
the data, in-turn creating data access traffic which may bottleneck if multiple users attempt access
simultaneously. A centralised database solution also carries more risk around disaster recovery. If
system failures were to occur, all the data will be at risk as it is stored in the one location. [1]

The distributed database solution enables a safer, more robust storage of the data by spreading it
across multiple locations, resulting in less data being destroyed if a system failure were to occurin
one of the locations. The solution provides faster performance when accessing data as the data
access traffic is also spread across the different locations. Furthermore, it allows resilient growth of
the databases as work on one site will not impact the others, resulting in easier expansion of the
system. The disadvantage of the distributed data solution revolves around data integrity. If a
communal data format is not followed, this can cause problems when retrieving data from the
different locations. This can also increase the processing overhead as many messages need to be
shared between sites to complete distributed transactions. [2] There are further complexities




involved with the distributed solution such as distinguishing failures and complex implementations,
however the advantages of the distributed model are outweighing the disadvantages with this type
of solution becoming more commonplace. [3]

It is recommended that Shape Up Gyms uses the homogeneous distributed database type. The
homogeneous distributed database solution requires sites to use similar software. A Database
Management System (DBMS) is a software application used for creating, managing, and
administering databases. The DBMS that has been used for the Shape Up Gyms case study is
Microsoft SQL Server. The homogeneous database type will mean that Shape Up Gyms regions are
aware of all other sites and are using the same software to process requests. This will also provide
incremental growth and allow increased performance. [4]
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The following displays the proposed ERD for the databases within the distributed solution:

= T
'P'“ e y -

FirstMame warciar FirstNarme watchar

DateOfairh date 1 DateOiBirth aate

h ) e “ e ' e

t nt L t t

E varchar E warhar

[ - [ Sy o
[ -

L &

.

[ - e
[ o

Fragmentation Schema

Fragmentation is the dividing of a relation (a table) into a set of smaller relations (tables) which are
known as fragments. There are different types of fragmentation that can be used to breakdown
relations: horizontal, vertical, mixed, and derivative.

Horizontal fragmentation divides relations by the row utilising a where clause. Vertical
fragmentation divides relations by the columns. Mixed fragmentation divides relations using both
the rows and columns combined. Derivative fragmentation is used to join fragments where a
relation cannot be based on one of its own attributes but is derived from another relation.

To best choose what fragmentation type to use, the database must be analysed for its most
important transactions. The analysis for fragmentation should be based on quantitative information
such as frequency in which transactions are run and the site from which a transaction is run. The
analysis should also be based on qualitive information such as the tables, columns and rows
accessed, the type of access needed, and the predicates of the read operations. Once this analysis is
complete, fragmentation can be designed to best provide the most relevant data needed for a
scenario in an efficient manner.




Based on the case study criteria and the design of the database and tables, the following
fragmentations have been designed for Shape Up Gyms.

Horizontal Fragmentation

The Customer and Staff tables are designed to best suit the horizontal fragmentation design as per
the following examples.

Searching for customers based on the region/gym facility:

Using the FacilitylD for the WHERE clause will display customers only based in that facility/region. A
gym in Cardiff will mostly be utilising customers from Cardiff and therefore it is logical to use
horizontal fragmentation for this scenario.

B P

USE ShapelpGyms
SELECT * INTO CARDIFFCUSTOMERS FROM Customer WHERE FacilityID ='1'
SELECT * INTO SWANSEACUSTOMERS FROM Custemer WHERE FacilityID = '2'

FELECT * FROM CARDIFFCUSTOMERS
SELECT * FROM SWANSEACUSTOMERS

W% -
B Resuts il Messages

CustomesiD  FirstName  Sumame  DatecfBith  Dateloined  Streetiddress  Ciy Postcode  CortactMumber  EmailAddress FacitylD  PaymertiD

1 | John Smithy 19920014 20190602 55 SeaperDrive Cardff  CF117FD 7541527539 JohnSmith @hotmail com 1 1

z " Sharia Fagsanelle 15320115 202140101 19 Test Street Camdff CF117FD  7B58447366 sharizpassanello@hotmal com 1 B

3 15 Tina Tumer 20000106  2020-06-12 59 Forest HIl Candff CF246PA 7582289641 timytina@gmail.com 1 15

4 18 Callum Wiliams 15560325 20210211 5 Test Street Cerdff CF23755 7848759345 ealframe ardff@hotmail com 1 18
CustomeriD  FirstName Sumame DateofBith Datedoined StreetAddress Ciy Postcode  ContactMumber  Email Address FaciftylD ~ PaymentiD

1 Paul Jones 1963-06-19 20200102 12 Abert Road Swangsa  SA4BFT 633557436 Paul39@outiook com 2 2

2 Rached Heame 198%-10-30  2020-10-19 B Bensinglon Road Caemhily CF7235T 7415297863 rachheme@gmalcom 2 2

I 1 Gwen Jones 00012-25 20200103 83 Bush Drive Swensea  SAT19DS 7885534834 gewnjones@gmal com 2 16

Searching for staff based on the region/gym facility:

Using the FacilitylD for the WHERE clause will display staff members based in that facility/region. A
gym in Cardiff will be looking at staff from Cardiff and therefore it is logical to use horizontal
fragmentation for this scenario.

sariello (33)) SQLQuery3.s SQLQuery2.sql - not connected

SQLQuery1 sql - DES...|a Pas:

-USE ShapelUpGyms
SELECT * INTO CARDIFFSTAFF FROM Staff WHERE FacilityID =
E SELECT INTO SWANSEASTAFF FROM Staff WHERE FacilityID = '2'

SELECT * FROM CARDIFFSTAFF
SELECT * FROM SWANSEASTAFF

% -
BB Resuts [l Messages
SafflD  FrstName Sumame DateofBith Dateloned StestAddess Ciy  Postcods  CortsctNumber  EmaiAddress FacitylD

Swamy  1968-02-14 20150101 7 Test Street Cardff CF4OHF 7206457884 amoldswamy@shapeup com 1
Beicha 19900307 201905 9Caude Road Cardff CF243PZ 7976431844 louisebeicha@shapeup.com 1

StaffiD  FrstName Sumame DateofBith Datedoined  StrestAddress City Postcode ContactNumber  EmailAddress FaciitylD
| Cook 19741102 20180216 15 Dillon Lane: Swansea SA1975E 7489637226 charlecook @shapeup com 2
2 4 Caleb Hooper 13310317 20150210 10 Belmont Road  Swansea SA22 BJW 74286333441 caebhooper@shapeup com 2




Searching for gym class schedule for the region/gym facility:

Using the FacilitylD for the WHERE clause will display the gym classes based in that facility/region.
Much of the time, a gym in Cardiff will look at the class schedule of the Cardiff gym and therefore it
is logical to use horizontal fragmentation for this scenario.

SQLQueryd.sql - DES..la Passariello ( SQLQuery3.sql - DES..Ja Passariello (60))* SQLQuery?2.s4
USE ShapelpGyms
SELECT * INTO CARDIFFCLASSSCHEDULE FROM GymClass WHERE FacilityID -'1'

g SELECT * INTO SWANSEACLASSSCHEDULE FROM GymClass WHERE FacilityID = '2'

bELECT “ FROM CARDIFFCLASSSCHEDULE
SELECT * FROM SWANSEACLASSSCHEDULE

00% -

ER Results @i Messages

Classl Clas=Name CassDay ClassTime MaximumCapacity ~ FaciltylD  StaflD
T Piates Tuesday  05:00:00.0000000 30 1 2
Absolute Abe  Monday 13:00-00.0000000 20 1 1

ClasslD ClassMame ClassDay ClassTime MaximumCapacity ~ FaciltylD  StaflD
High Intensity Cardio ~ Friday 10:00:00.0000000 10 2 E

Vertical Fragmentation

The Payment table is designed to best suit the vertical fragmentation design as per the following
examples.

Blocking the view of confidential payment information:

As payment details are stored in the database, there may be users whose access does not allow for
the viewing of such confidential data. By using vertical fragmentation, the payment table can show

only the PaymentID whilst the hiding sensitive data columns such as AccountHolder, CardNumber,
SecurityCode, and CardExpirationDate.

SOLCuery3.sql - DES.. |a Passariello (60))* & [
SISELECT PaymentID
INTO VERTPAYMENT
FROM Payment
SELECT * FROM VERTPAYMENT|
W -
58 Resute Bl Mesmoges
Paymert|D




Using vertical fragmentation allows for data to be hidden from those who should not be accessing it
and can also trim data for those who do not need to see certain columns.

Mixed Fragmentation

The Membership table is designed to best suit a mixed fragmentation as per the following examples.
Financing department to view active memberships by region/gym facility:

The finance department may wish to view how many active members each region/gym facility may
currently have but will not need to see further data such as the DateCreated, CustomerlD, or

PaymentID. A mixed fragmentation can provide this data utilising both the horizontal and vertical
relations.

.SQlQucry10-5qI-DE...ln Passariello (66))° = X y3.5q] - DES..Ja Passariello (55)) 5QLQuery3.sql - DES..Ja Passariclls
=uze ShapelpGyms
SELECT MEMBERSHIPLEVEL,FACILITYID, EXPIRYDATE INTO ACTIVEMEMBERSCARDIFF FROM Membership WHERE ActiveState = '1° AND FacilityID ='1"
SELECT MEMBERSHIPLEVEL,FACILITYID, EXPIRYDATE INTO ACTIVEMEMBERSSWANSEA FROM Membership WHERE ActiveState '1" AND FacilityID ='2'

2.5q] - not connected

SELECT * FROM ACTIVEMEMBERSCARDIFF
SELECT FROM ACTIVEMEMBERSSWANSEA
W% -
[ Resutz 2 Messages
MEMBERSHIPLEVEL  FACILITYID EXPIRYDATE
] 021053
20210531
2021-05-1
202105-3

MEMBERSHIPLEVEL FACILITYID EXPIRYDATE

L 202105-1
2 Manthiy 2 2021-05-1
3 Manthiy 2 20210531

Derived Fragmentation

It is required in the case study that each gym may set their own memberships prices. If the financing
department wanted to view the active members and the prices they were paying per region/gym
facility, a derived fragmentation could be used as per the following example.

Financing Department to view active members and how much they cost by region/gym facility:

| - DE-la Passariello (53))° + =
INTO DERIV_ACTIVE_MEMBERSHIP_CARDIFF FAOM Mesbership WHERE ActiveState = L' AW) FacilityID = "1
TNTO DERTV_ACTIVE MEMBERSHIP_SWANSEA FAOM Membership WHERE ActiveState - ‘1’ AW FacilitylD

RSMIPCOST_Cardiff from Gynfacility where FacilityId = '1
SELECT ERSHIPCOST Swanses from GynFacility where FacilitylD = '2°
FADM DERIV_ACTIVE_MEMBERSHIP_CARDIFF
FADH DERTV_ACTIVE MEMBERSHIP_SWANSEA

SELECT * FROM MEMBERSHIPCOST Cardiff
SELECT® FROM MEMBERSHIPCOST Swanses

SELECT * from DERIV_ACTIVE_MEMBERSHIP_CARDIFF as d WHERE ActiveState -'1'
Il MEMBERSHIPCOST Cardiff as m on d.FacilitylD - m_FacilityID

=SELECT * FAOM DERIV_ACTIVE_MEMBERSHIP_CARDIFF AS g
MHER JOIN MEMBERSHIPCOST_Cardiff AS m OM g.FacilftyID - m.FacilityIp
WHERE ActiveState -"1'

100 %

T Resks g Messages

MemberhiplD  Membershiplevel  DateCreated  CustomerD  FacilylD  RateTipell PaymenilD EqiyDate  ActveState  FacitylD  Facitylocation DabRatePice  MorthiyRatePrice  Jomingfee
[ Merthy Wisedz 1 2 1 -

1 y 1 1 20210531 3

2 8 " Daty 20 B 1 1 8 021051 1 1 Canif 8 i 5
S - Merthy 020-06-12 15 1 2 15 2020511 1 1 Candf g = 5
4« ® Mertty 24021 18 1 2 18 2021050 1 1 Cant 8 - ]




Reconstruction

Table reconstruction of fragmentation can be executed using the UNION ALL function in SQL. This
will bring back all values including duplicates. The example below shows reconstruction of the data
for ACTIVEMEMBERSCARDIFF and ACTIVEMEMBERSSWANSEA that were fragmented in the Mixed
Fragmentation section:

—|SELECT * FROM ACTIVEMEMBERSCARDIFF
UNION ALL
SELECT * FROM ACTIVEMEMBERSSWANSEA

% -

Resuts [ Messages
MEMBERSHIPLEVEL FACILITYID EXPIRYDATE

2021-05-31

R 2021-05-31

Monthiy 1 2021-05-31
Morthiy 1 20210531
Morthly 2 2021-05-31
Morthly 2 20210531
Morthiy 2 2021-05-31

Performance Tuning

As data is being created and modified, it is important to analyse ways in which performance can be
improved or kept as efficient as possible. A distributed database solution is the first step to helping
query performance as spreads the data so that not every single record has to be read when a query
is executed. For example, if Shape Up Gyms consisted of 1000 customers with only 200 of those
customers registered to the Swansea region/gym facility, when searching for a customer from the
Swansea region, as the Swansea records are going to be distributed to that location then the query
being executed will only have to look through 200 records. However, in a centralised solution it
would be required to look through all 1000 records in search of Swansea customers. The distributed
database solution returns results more quickly than a centralised solution.

The design of the tables will also contribute to the performance of the database. Indexes are one of
the best tools for retrieving records quickly. An index is a structure in the table used to identify and
group records to target queries in a more time efficient manner. This prevents the SQL engine
needing to read through all records and helps to find the path of least resistance, which can
significantly improve query performance.

Clustered Indexes

In a clustered index the data is sequentially ordered by the specified field. When a primary key is
created in an SQL table, this automatically becomes the clustered index for that table - a table may
have only one clustered index.

All tables provided in the Shape Up Gyms database were given a primary key which was set as the
clustered index. This allows for an accelerated retrieval of data where there may be columns that
contain the same data results, such as customer names in the Customer table. By providing each
customer with their own unique ID, this allows for faster retrieval as it will look and retrieve the one
record as opposed to pulling back multiple customers who may share the same name.




Secondary Indexes

Adding a secondary index can also help retrieve data more efficiently. A secondary index will group
and sort records by the chosen indexed columns. This allows the SQL engine to directly go to these
grouped records instead of having to scan the whole table, thus returning results more efficiently.

In the Shape Up Gyms database, a secondary index would be useful where data input is large into
tables and where JOIN queries will most likely be executed. For this database, secondary indexes
were created for the following scenarios:

e Queries to retrieve customers by their names; indexing them on the Surname and FirstName
columns as users will likely query for customers in the database. This may be prevalent with
gueries such as looking at customers located in specific regions/gym facilities, or searching
for customers in relation to the payment table

* Queries to retrieve staff by their names; indexing them by the Surname and FirstName
columns as users will likely query customers in the database by their names. This may be
prevalent with queries such as looking at staff located in specific regions/gym facilities, or
searching for staffin relation to the GymClass table

e Queries to retrieve memberships in specific regions/gym locations; indexing them by the
FacilitylD column on the Membership table to group memberships by the facility location

Secondary indexes should avoid columns that are frequently updated. As prices and membership
details will likely change often, it was more suitable that secondary indexes remain on the FacilitylD
on the Membership table, and the Surname and FirstName columns of customers and staff, as
names are unlikely to change as often as membership details. If indexes are formed on columns that
often change, the indexes will need to be rebuilt.

Analysis of the database should continue throughout its lifecycle so that indexes can be monitored
and tweaked to improve data retrieval more efficiently. As data is modified, the secondary indexes
may no longer be efficient to the database and cause performance issues and therefore regular
monitoring of index performance is important.

As well as indexing, query optimisation can produce a better return performance from the database.
Executing more specific queries such as using SELECT Columnl, Column2..instead of SELECT *
FROM and adding in a WHERE statement can prevent the database from pulling back a lot of
unwanted data, improving query response time.

Conclusion

In conclusion, combining a distributed database solution and indexing on tables that will be
populated with large quantities of data and targeted frequently with JOIN statements can help with
database performance for Shape Up Gyms databases. Database monitoring should become a regular
task for those maintaining the database to analyse queries and response times so that indexes can
be created and modified to efficiently retrieve the data.
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FINAL GRADE GENERAL COMMENTS
Instructor

7 0oo

Very good design of database schema. You have
used this well within the SQL environment to build
all of the tables. You have a good understanding of
design and testing you have provided and
demonstrated the inserting of data and tested out
you overall structure. Very good analysis and
documentation of distributed database
requirement. You have used you table and SQL
weel to demonstrate how this would work. A good
overall structure to your report.
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