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1.0	Introduction
This report outlines recommendations for the Shape Up Gyms database as far as performance tuning through indexing, and a distributed database schema. It will detail how the database could be fragmented and distributed across the four regions, necessary for the growth of the company and the database itself.
[bookmark: _Toc35520892]2.0	Shape Up Gyms Database Investigation
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Shape up Gyms database comprises of seven tables interlinked through primary and foreign keys. To improve the performance of this database as it grows, the use of indexing is recommended. The recommendation of a distributed database schema is discussed below for consideration.
[bookmark: _Toc35520893]2.1	Performance Tuning through Indexing
Database optimisation is important for efficient data queries. It is important to index the information most searched to speed up queries. Gupta and Badal purport an index to be ‘a physical access structure for a database table that tells the database where records are physically stored on the disk”. [1]
Within Microsoft SQL Server, primary keys are by default a clustered (primary) index. This allows quicker searching using the primary keys. The non-clustered (secondary) index is created typically on a column where a JOIN, WHERE or ORDER BY clause is used allowing a pointer to the data position Making it good for tables where values are modified frequently. [1]
Consideration in the case of Shape Up Gyms is given to the frequently searched entities using mainly the WHERE clause. There are three chosen indexes for this database scenario, as follows.
· City Name column within City table – This will be a common query to people looking for the gym within their own city, as people are more likely to know the name of the city and not the name of the gym. By using the city name, it will join to the ‘Gym’ table through the ‘CityCode’ foreign key and be able to link the gym to the city for people to find.
· Customer Name ‘FirstName’ and ‘LastName’ columns within the Customer table – This will be common within staff queries when checking all records on customers, including medical history, ages, membership status, join dates and more. The customer name will be the constant in this table and not change, and the combined search allows more individuality when searching, but the database will start with the surname in alphabetical order, and then search the first name as this is the order set. This is the quickest, most efficient way for the query to run.
· Package Name column within ‘MembershipType’ table – This will be another common public search to learn about the packages available within the gyms. This will give the constant within the ‘MembershipType’ table and allow for queries on the contract duration and price as well as what is included within the package.
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Shape Up Gyms is a growing business across Wales, with Gyms physically distributed across four regions, it is a recommendation to develop a distributed database system to reflect the organisational structure, physically distributed across a computer network. For this a homogeneous database management system (DBMS) is recommended to manage the distributed database system as all sites running the same software will be easier to design and manage. It is recommended that the database be distributed using a selective replication schema due to the above-mentioned physical distribution. This will be done in three ways:
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Fragmentation is the division of a table into a set of smaller tables, in this case, to be physically distributed to the site corresponding to the data within. There are three main ways to fragment the tables.
· Horizontal Fragmentation - This splits the table by tuples (rows) to distribute the sub-table to the relevant physical location.
· Vertical Fragmentation – This splits the table by fields (columns) for distribution in the same way. To allow reconstruction, the primary key is listed in all sub-tables.
· Hybrid Fragmentation – This splits the table in a combination of the above, depending on the logical or physical division and distribution of the sub-tables.
There are significant advantages to fragmentation.
· Increased Efficiency – With the data being stored close to or on the site it is used, it increases the speed of the transactions due to only the relevant information being used, making the system more efficient.
· Easier Modular Growth – As each fragmentation can be reconstructed through joins and unions, this allows modules to be allocated to the relevant site immediately and reconstructed into the database system when needed.
· Lower Communication Cost – Having already mentioned the storage of data locally, it is logical to note that the cost of communication would be less as there is less need for a constant connection to access relevant data. This will also allow for the next point.
· Increased Reliability and Availability.
· Local Control and Better Security – Since there is no irrelevant data kept on or near the site, security and privacy can be maintained as the data is segregated to only show what is needed or authorised.
There are disadvantages to take into consideration.
· Access speed and efficiency – Due to the database being physically fragmented to the relevant sites, cross fragment queries would take a little more time or bandwidth.
· Lack of data backup – Losing any part of the database in different sites through failure could make the database ineffective. [2]
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The selective replication schema recommended is as follows by tables. These tables will also be shown within the appendix along with the fragmentation breakdown:
· Region
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The recommendation is that the Region table will be replicated across all sites. The reason for the replication is that the table is the base of the fragmentation and therefore will be the reference. Therefore, all data in the table will be needed in all regions.



· City
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It is recommended that the City table will be horizontally fragmented into the regions as shown in the table above with each colour representing a fragment. As a result, there will be four fragments with the cities located in the region they belong to. Region one, in green, region two in yellow, region three in red and region four in blue. The relevant fragments will be allocated to the four regional sites with the city information only being shown in their own region. The primary horizontal fragmentation will be on the region code.

· Gym
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It is recommended that horizontal fragmentation be applied to the Gym table as well. This is a derived fragmentation and will take the relevant details of each gym and place them in the region that they are a part of. It is recommended there are four fragments to this table also as seen in the above table, the same colour scheme showing the relevant regions.	



· MembershipType
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The ‘MembershipType’ table holds information relevant to all sites as the prices are shared across the group. Because of this, it is recommended that the table is not fragmented but that it is replicated across all sites as all sites will need the data within the table for providing the package details for membership.

· MembershipPrice
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In this case, all sites will be implementing the same pricing structure and so because of that the data is relevant to all and often queried. For that reason, it is the recommendation that this table will be replicated across all sites.

· Customer
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There is a lot of information within this table to be distributed to different sites. The bank details need to stay in the finance department at the head office in Swansea whilst the customers need to be located within their gyms and regions. For this the recommendation is that there is a hybrid fragmentation to this table. The vertical fragmentation will take the bank account and sort code fields from the table to keep at the head office site for the finance department, using ‘CustomerNo’ primary key to identify the tuples, shown in the table in grey. The recommendation is that the rest of the table will be horizontally fragmented, and the ‘Customer’ tuples allocated to the sites of the relevant regions. These fragmentations are shown in the table using the same colour scheme for regions.

· MembersipPurchase
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This table is firmly under the control of the financial department based in the Swansea branch, for this reason, it is recommended that the table be allocated to the Swansea site. However, there is a useful field for the branches. It is useful for the branches to know the membership status of the customers and so it is recommended that this should be vertically fragmented using CustomerID as the unique key. Due to the size of the data, and for the purposes of integrity, the recommended best course of action would be to replicate this fragment across all sites, however this could be further horizontally fragmented, with the smaller fragments being allocated to their relevant sites. 

[bookmark: _Toc35520897]2.3.2	Reconstruction
The reconstruction of the fragmented tables will follow the standard rules of a distributed database. The horizontally fragmented tables will be reconstructed through a union and the vertically fragmented tables will be reconstructed through an outer join. In the case of a hybrid fragmentation, the table will be joined using a combination of both the union and the outer join. These will be demonstrated in the recommendations below for each table.
· City
As city has a primary horizontal fragmentation, the join would be a union based on the region code. This would simply be.	 
R001  R002  R003  R004.
· Gym
As discussed above, Gym would be a derived horizontal fragmentation. The reconstruction here would be based on the city code, relating back to the region code based on the fragmentation formula;	
Gi:	City |> RegionNo Ri	1  i  4
This would then be reconstructed using a union as follows;
G1  G2  G3  G4.



· Customer
The customer table, being a hybrid fragmentation is the most complex. This will be fragmented vertically in the first instance as follows;
C1 (Gyms):	CN,GymBranchId, FirstName, LastName, DOB, EmailAddress, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary (Customer)
C2 (Finance):	CN, JoinDate,SortCode, AccountNumber (Customer)
	The fragment C1 would then be horizontally fragmented as follows;
Cii:	C1 |> RegionNo Ri	1  i  4
The reconstruction to this table would be through the union of horizontal and then the join of vertical as follows;	 (C11  C12  C13  C14) |><| NIN C2
· MembershipPurchase
This table, being a simple vertical fragmentation will be fragmented as follows;
MP1 (Finance):	 PN,CustomerId, MembershiptypeId, StartDate, EndDate, PurchaseDate, JoiningFeePrice, OneTimeFeePrice, MonthlyFeePrice, MonthlyPaymentDay, LastPaymentDate (Purchase)
MP2 (Gym):	PN, MembershipStatus (Purchase)
	The reconstruction of this table will be through an outer join as follows;
PN MP1 |><| PN MP2 [3] [4]


[bookmark: _Toc35520898]3.0	Conclusion
Within this report we have seen recommendations for a growing database. For the best performance to a database and for the most efficient use of resources, it is important to take on board these commonly used recommendations. Indexing speeds up the performance of a database as it allows a quicker referencing system, and distribution provides a more efficient use of resources as it puts the data closer to the sites it is used at. This also makes it safer as it encapsulates the data, only showing the necessary. Future work within this topic would be to look at the modular growth of the distributed database schema.

References

[1] 	M. K. Gupta and D. D. Badal , “COMPARATIVE STUDY OF INDEXING TECHNIQUES IN DBMS,” in Conference: Business Intelligence and Data Warehousing, Delhi, March 2012. 
[2] 	“Distributed DBMS - Design Strategies,” [Online]. Available: https://www.tutorialspoint.com/distributed_dbms/distributed_dbms_design_strategies.htm. [Accessed March 2020].
[3] 	. T. M. Connolly and C. E. Begg, Database Systems: A Practical Approach to Design, Implementation, and Management, Global Edition, Pearson Education, 2015. 
[4] 	M. T. Özsu and P. Valduriez, Principles of Distributed Database Systems, Springer Science & Business Media, 2011. 



2

image3.PNG




image4.PNG
[ Resuts [y Messages

GymBranchiD _ Gymame GymAddress CiyCode  Postoode  TeephoneNo
(R Freshn ft 3Water Sireet COU7 LUST1AB 01248348291
2 7 " PumpednProud 45 High Steet C002  CFISER 02920592376
33 AosFab W01ManRoad  CO06 NP4 1BZ 01633929501
4 s AudreyPecBums  67The Aveue  COT0 CF311DE 01656736924
5 5 Fi Frends BThekngsway  CO0B  LLITOBZ 01978523601
5 6 BodyFom 89WaterRoad  CODT  SA27BR 01752702458
77 FinessFactory  42TheCasle Steet  COU3  SY239ED 01970871039
R Moming Movements 42 Riverside. CO9 SATIIAS 01267923610
s 9 Go Go Gites 3 Sea View Ol LLIBGRA 01745197205

010 Arton Du Pec. 3IPumpAvene  CODI  SAT23ER 01234567854




image5.PNG
[ Resuts [1y Messages.

MembershipTypelD _ PackageName

[ GiooooT

‘G000z
GMO0003
GMO0004.
GMO000S.
GMO000S.

| Gold Finess

Platinum Finess.
Gold Fness Flex
Platinum Fness Flex
Black Card Off Peak
Siver Finess.

PackageDescrption

Our Gold Results fxed term membersip i pefect .
Our Patnum Resuts fxed term membersip i e
‘Our Gold Resuts Morthly membership is perfect fo.
Our Patinum Resuts Mordhly membership s pef.
Our Black Card Of Peck Monthly membershi s .
Test Descrption

ContractType
Foced tem
Foced tem
PayhsYouGo
PayhsYouo
Foced tem
Foced tem

DurationType.
12morths.
18morths.

1 morth

1 morth
18morths.
18morths.

2
18

18
18

EEEIEE]

SEEEEEE




image6.PNG
[E Restts  Messages
PurchaseNo  CustomerlD ~ MembershipTypelD  StatDate  EndDate PurchaseDate  JoiningFeePrice  OneTimeFeePrice  MonthiyFeePrice  MonthlyPaymentDay ~LastPaymentDate  MembershipStatus

1 A 5 GMO000S 2200103 2210703 20200103 999 00 959 xd nuL member
2 2 5 GMoo00s 2200105 2210605 20200101 1999 %999 [ Tt NULL uest

33 4 GMoo003 200224 210824 2200220 999 [ 1899 2 N member
4 s 9 GMO000S 2200105 2210705 20200101 999 [ 959 Tt N member
5 5 7 GMoo0o1 2200202 210202 20200201 1499 [ 1999 EY N member
5 6 3 GMoo002 2200130 210730 2200120 1999 [ 29 3 N member
77 3 GMoo002 2200130 2210730 20200120 1999 [ 29 3 N GUEST
R 3 GMoo002 2200130 2210730 20200120 1999 [ 29 3 N MEMBER
s 9 B GMoo0o1 190001 20200330 20190325 1999 [ 29 15T N member
010 B GMoo002 2200001 20210501 20200309 1999 [ 29 3 nuL MEMBER




image7.PNG
[ Resuts [y Messages

CustomerlD__ GymBranchlD  FstName.

1"

David

HHHE

Wiams
Hardy

Richards

DateOfBith
198211115
19910422
19940330
19760305
19920617
19890811
19860714,
19940921
19930902
20031115
19810420

EmaiAddress
dsmith@outlook com
homas@gma com
showels@outlook com
dsmith@outlook com
‘mabboud@outiook com
misrah@outlook com
wiliams @gmai. com
khardy@gmal com
nduncan@oulook com
dsmith@outlook com
sichards@gma com

Passcode  HomeAddress
5034 42 Curew Crescent
472910 575t Johns Temace
401103 36 Sea View

45034 63 Westemmoor Road

820019 98 Mackworth Drive
012973 26 Forge Road

01985 128ay Temace

492019 14Bay View

U503 42 Curew Crescent
290746 32 Ravenswood Crescent

HomeCtyCode  Fostcode

LL21 5RE
SAZ32DE
S¥231D4
SA112D8
LT 15X
CFI53TZ
NP425XB.
CFI0GNE
LLs74FD
SAT24ER
CF117D)

CortactPhoneNo
07843694561
07939201475
07798103592
07939105934
07459281495
07945817201
07456918432
07292018454
07843019582
01234567898
07820981647

Medical Summary

Heathy. fi, has had asthma
Urft, obese

Urtt sght wheeze
Heathy, smoker

Healthy. it

Fit. has sight asthma
Heathy. ft

Heathy. sight back problem
Heathy, Ovenweight
Heathy. fi, has had asthma
Healthy. it

JoinDate.
20200119
2000211
20200130
20200224
20200105
20200103
20200202
20200126
20200105
20200119
20190602

BankAccourtlo  SoriCode.

016243
24019474
74029315
02494182
65987319
49301962
54017962
79016392
20918442
89045243

542301
29129
24304
73843
542311
240319
291843
544501
24328
542301
230854




image1.PNG




image2.PNG
[ Resuts [1y Messages.
RegonCode  Regonliame

1 [Roof North
2 RO0Z East
3 RO3 South
4




