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[bookmark: _TOC_250010]Abstract
Shape up Gyms provides access to modern gyms and affordable membership plans. The company began as a small business operating out of Swansea but their success has led them to expand their services to other parts of Wales. To support their growing customer base and improve services, they are in the process of upgrading their IT systems.

This report outlines the suggested performance enhancements and a distributed database fragmentation schema based on the current centralised Up Gyms database system, to aid in their growing customer base and regional based gym management system, whilst allowing their finance department and head office to remain in Swansea.
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1. [bookmark: _TOC_250009]Introduction

This report will outline suggested performance tuning enhancements along with a proposed distributed database design for Shape Up Gyms, based on previously provided requirements. The main requirements are noted below.

a. Implement distributed database model
b. Distribute customer base and gym membership system across regional areas
c. Finance department remains in Swansea

The centralised database structure has been provided and implemented, and is outlined in Appendix A.

2. [bookmark: _TOC_250008]Performance Tuning

The following section outlines how indexes could be used by Shape Up Gyms to improve the performance of their database queries.

[bookmark: _TOC_250007][image: ]Clustering Indexes

Clustered indexes are used to order the rows in a given table, allowing the data to be sorted, therefore aiding in the efficient and quick access to data.

Customer information will be required frequently by Shape Up Gyms across all sites (Gyms and finance office), by both the customers themselves and by the staff. This access will likely be spread across the day, with no specific peak times.

Shape Up Gyms Staff may choose to use views such as ‘s_all_customers’ (SQL File 2) to search for all customer information, sorted by last name in descending order. As a result, to speed up this query it would be suitable to add a clustering index on the Customer.LastName field.

CityName from the City table is also often queried, in order to find Customer’s home address city or a gym’s city, and so, an ordered clustered index should be used, sorted by CityName in descending order.


[bookmark: _TOC_250006][image: ]Secondary Indexes

In addition to the afore mentioned clustering indexes, secondary indexes should be added to tables and fields which are often queried using attributes other than the primary keys, allowing the DBMS to access data more efficiently on non-ordered tables.

However, secondary indexes should not be used on fields which are commonly updated, due to the overhead of maintaining these indexes, which would degrade update performance.

In order to decide on the necessary secondary indexes, the author considered the most common queries that would be run on the system, along with how those fields would be used and how an improvement in performance would affect those fields.

The most important transaction in the system is to create a new membership purchase (NewMembershipPurchase stored procedure). This relies on data from other tables linked by foreign keys, and contains inner SQL SELECT statements to the MembershipType table to gather information that must be stored in MembershipPurchase.

The author concluded that fields from the MembershipType table would be used frequently, to display all fixed-term memberships, all day passes, and to find contracts of a specific duration, such as 6 months. DurationType and Contract type are also essential to the creation of new MembershipPurchase records. These fields are likely to be used throughout the day, with peak times in the morning, when people visit the gym before work, and in the evening, when people visit after work. As a result, both these fields should be indexed.	Comment by Kemi Ademoye: Okay, but this is a small table, so does it really need a secondary index.

The MembershipPurchase table’s Status field is also often used in querying, such as to find all ‘Active’ or ‘Elapsed’ memberships. As this field is not often updated, it is also a good candidate for a secondary index.	Comment by Kemi Ademoye: Okay, but it may be better to combine this index with another column e.g. gymID.

In addition, OneTimeFee, JoiningFee and MonthlyPaymentFee from the GymMembershipPrice table will be frequently accessed when creating a new MembershipPurchase, as their values will be queried and stored in the MembershipPurchase table so that the historical price can be stored. As a result, to increase the performance of the create MembershipPurchase stored procedure these fields should also be indexed.	Comment by Kemi Ademoye: Although these columns will be frequently looked at, they will not be frequently used in WHERE, JOIN, etc. clauses. It is the columns that are involved in these that are good candidates for secondary indexes and not the columns returned as part of query results.

3. [bookmark: _TOC_250005]Distributed Database Design

According to M. T. Özsu et al, a distributed database is a collection of multiple, logically interrelated databases located at the nodes of a distributed system. A distributed database management system (distributed DBMS) is then defined as the software system that permits the management of the distributed database and makes the distribution transparent to the users [1].

Many organisations, including Shape Up Gyms, are physically divided across multiple locations, with each location requiring its own set of local data, thus to maintain performance and ease of access the overall database should be distributed. However, the multiple locations will require shared data, and so there is a requirement to ensure the necessary tables remain synchronised.

[bookmark: _TOC_250004][image: ]Fragmentation Discussion
[image: ]Advantages

Applying fragmentation to a distributed database allows data to be stored close to where it is most frequently used, aiding in the performance of querying, along with minimising communication costs and improving reliability and availability. Also, data that is not needed by the local application is not stored, minimising unnecessary storage costs.

[image: ]Disadvantages

Global applications that require data from several of the fragments, which are physically separated across different sites can suffer from decreased performance. Controlling the integrity of data may also be more difficult if the data and their functional dependencies are separated across different sites.

In addition, maintaining consistent data is more difficult when a data item changes and needs to move from one fragment to another.


[bookmark: _TOC_250003][image: ]Fragmentation Schema

Three rules must be followed to ensure a successful fragmentation schema.

Completeness
If Relation R is split into fragments R1, Rn ... , each data found in R must appear in at least one fragment. This will ensure there is no data loss [2].

Reconstruction
In order to ensure functional dependencies are preserved, it must be possible to reconstruct the original relation from the fragments using relational operations.

Disjoint
Finally, to ensure there is only minimal data redundancy, it is important that if data item di appears in fragment Ri, then it should not appear in any other fragment.

In order to decide on the most appropriate fragmentation schema for Shape Up Gyms, both quantitative and qualitative information has been considered, including the number of estimated queries, peak times, who will rely on the information, and the data’s importance [3].

[image: ]City Table

It has been decided not to fragment the City table. This is because the table contains only a limited number of rows and will be required across for use by multiple tables and queries, across multiple physical sites including the finance department in Swansea along with the Gym branches across the country.	Comment by Kemi Ademoye: Okay but state whether you are replicating the table or keeping centralized. Same for the other tables below.

Fragmentation would not improve performance of the database, and in fact could slow performance as the data would not be readily available at the required site.

[image: ]Region Table

It has been decided not to fragment the Region table, for the reasons given above in 2.1.1.

[image: ]MembershipType Table

It has been decided not to fragment the MembershipType table, for the reasons given above in 2.1.1.

[image: ]GymMembershipPrice Table

The GymMembership price table stores the prices set by individual gyms for each membership type. This table will be used frequently by individual gyms when displaying prices, and also when creating a new membership purchase.

It is not required that each gym has access to other gym’s prices, and therefore it would be most suitable to fragment the table into each Gym.

Therefore, it is suggested to use primary horizontal fragmentation for GymMembershipPrice with minterm predicates. The chosen horizontal fragments are:	Comment by Kemi Ademoye: Good, but the gym IDs should be selected based on the regional location of the gym to fulfil the requirements to distribute the data regionally.

GMP1	GymID = ‘G000001’
GMP2	GymID = ‘G000002’
GMP3	GymID = ‘G000003’
GMP4	GymID = ‘G000004’
GMP5	GymID = ‘G000005’
GMP6	GymID = ‘G000006’

Reconstruction: GMP1  GMP2  GMP3  GMP4  GMP5  GMP6


[image: ]Customer Table

The Customer table stores personal, gym and bank details for each customer. This table will be used by both the finance department and personnel employees at the customer’s own gym.

As above, it is not required that each gym has access to every customer, instead it should only have access to it’s own customers. This will reduce replication, improve query times and will improve data integrity as only those who should have access to the data, do have access.

The finance department does not require full customer details to process the payments and so they have only limited columns.

Therefore, it has been suggested that the customer table be decomposed using vertical fragmentation:

C1 (Personnel):	CustomerID, GymID, FirstName, LastName, HomeAddress, HomeCityCode, PostCode, DateOfBirth, ContactPhoneNo, MedicalSummary(Customer)

C2 (Finance):	CustomerID, BankAccountNo, SortCode(Customer)

Then, use derived fragmentation on fragment C1, which is based on GymID to locate customer information at the same location as the Gym’s location fragment:	Comment by Kemi Ademoye: Good

Cii:	C1	GymID GMPi	1  i  6

Reconstruction: (C11  C12  C13  C14  C15  C16 ) CustomerID C1


[image: ]MembershipPurchase Table

The MembershipPurchase table is a transaction table used to store details of each membership purchase, and links to many tables such as Customer, MembershipType, GymMembershipPrice etc.

The most common use case of this table is for each gym to find a record of all its memberships, and therefore the table should be decomposed into the records for each Gym.

Therefore, it has been decided to use primary horizontal fragmentation with minterm predicates. Proposed horizontal fragments are:

MP1	Customer.GymID = ‘G000001’
MP2	Customer.GymID = ‘G000002’
MP3	Customer.GymID = ‘G000003’
MP4	Customer.GymID = ‘G000004’
MP5	Customer.GymID = ‘G000005’
MP6	Customer.GymID = ‘G000006’ Reconstruction: MP1  MP2  MP3  MP4  MP5  MP6
In addition, the finance department will require access to the table to process payments, produce invoices etc. For this, it is suggested that vertical fragmentation be used to provide information for the finance department on a per gym basis.	Comment by Kemi Ademoye: Vertical fragmentation results in more than one fragment. You are showing only one fragment here. Also if you are applying vertical fragmentation, then it would be better to apply this first (similar to what you did for customer). Alternatively, if you think all the information is mostly used by finance, you can propose to keep the information at the HO site. Both solutions are acceptable as long as you justify the solution. The derived fragmentation should also be based on the Customer ID to keep a customer’s membership purchase at the same site as the parent customer record. 

MPi1 (Finance):	PurchaseNo, CustomerID, MembershipTypeID, StartDate, EndDate, Status, JoiningFeePrice, MonthlyFeePrice, OneTimeFeePrice(MembershipPurchase)


[image: ]Gym Table

The Gym table stores name, location and contact information for each of the Shape Up Gym sites.

This information may be used be other local gyms, and therefore, it is suggested that primary horizontal fragmentation is used with minterm predicates, to separate the Gyms by Region. The suggested horizontal fragments are as follows:	Comment by Kemi Ademoye: This should have come earlier 

G1	Region.RegionName = ‘Wales’
G2	Region.RegionName = ‘West Midlands
G3	Region.RegionName = ‘South West’
G4	Region.RegionName = ‘South East
G5	Region.RegionName = ‘London
G6	Region.RegionName = ‘North East’
G7	Region.RegionName = ‘North West’

Where Region is linked via an inner join to the Gym table (Gym.CityCode = City.CityCode, City.RegionCode = Region.RegionCode)

Reconstruction: G1  G2  G3  G4  G5  G6


[bookmark: _TOC_250002][image: ]Allocation and Replication

It is suggested that the distributed database for Shape Up Gyms have selective replication, with the following proposed for each table.

a. Region

· Table to replicate across each site
b. City
· Table to replicate across each site
c. Gym
· Each fragment to be stored at necessary site
d. MembershipType
· Table to replicate across each site
e. GymMembershipPrice
· Each fragment to be stored at necessary site
f. Customer
· Each fragment to be stored at necessary site
g. MembershipPurchase
· Each fragment to be stored at necessary site

As it is proposed that Region, City and MembershipType are not fragmented, they must be replicated across each site. This will offer the best read performance, which is important for these tables given their estimated usage. Despite replicating across each site, as the tables contain data that will not frequently be updated, and there are only limited numbers of records, the storage costs should remain low. If the record set was to grow significantly, this design may be reconsidered [4].

The other fragments should be split across all appropriate sites by Region/City/Gym. This will offer Shape Up Gyms the best-read performance as the data is closest to the site, along with low storage costs. In addition, data integrity will be improved with sites not having access to another’s data [5].

4. [bookmark: _TOC_250001]Conclusion

The proposed indexing and fragmentation solutions should allow Shape Up Gyms to maintain a reliable, well performing distributed database, so that they can continue to expand their business across new sites, whilst maintaining the best cost/performance balance.

In the future, if the business needs are to change or the record set is to expand significantly, it would be suitable to redesign the proposed solution.
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                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]
	[bookmark: totalRIL]
	[bookmark: markRIL]

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[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. While it is evident that you have given your test data some thought there were a couple of errors when inserting the data which you should have picked up on. These problems were due to your use of NOT NULL on almost all columns as highlighted below and also a conflict in the constraint for your postcode. This also had an impact on your implementation of the transaction. You have also implemented some additional advanced concepts. A good attempt at the required transaction to purchase a new membership but there is room for improvement. Perhaps you also overcomplicated the solution a little bit. (Grade mark: 76.00%)
	[bookmark: totalKUS]25
	[bookmark: markKUS]19

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]A good analysis of the case study, but there is room for improvement. Although you have explained the justifications for your indexes well and demonstrated the use of multi-column indexes, some of the chosen columns to index could be better. Generally, a very good distributed database design solution has been proposed, but there is also room for improvement. See your report for additional comments. (Grade mark: 66.67%)
	[bookmark: totalANA]30
	[bookmark: markANA]20

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]An excellent attempt with good choices for column data types and very good check constraints. Just a few minor comments. No need for the CHECK constraint on the BIT columns, simply add a NOT NULL constraint. The precision size of your decimal columns are a bit on the large size. Consider using a smaller precision whenever applicable to improve storage efficiency. For passcode, CHAR would actually be better to allow you to store any leading zeroes that may apply. Also be mindful of the requirements when specifying NOT NULL requirements. A few columns were set to NOT NULL eliminating the flexibility of the solution. This limitation was also reflected in the INSERTS for the test data - some things failed because you were trying to insert NULL in some columns that did not allow nulls. (Grade mark: 95.00%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]38

	
	
	

	5. Transferable Skills for Life and Professional Practice 

	
	

	[bookmark: feedbackSPP]The report is well-written and presented. (Grade mark: 80.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]4

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]81%

	
	Up to 1 week late (40% Max)
	[bookmark: fourWeeksLate]
	

	
	Over 1 week late (0%)
	[bookmark: firstAttempt]
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Region

Field Name Description Key Data Type Length Nulable? |Unique? |Valid Value Example |Constraints

ReglonCode Unique ID of the region _|Primary. [CHAR(5) 5 Characters |No [ves Rooo2 LIKE ‘RI0-9]0-9](0-8J0-0]
Up 10 90

RegionName Name of the region VARCHAR(90)  |Characters No [ves South West Length <90 and Length > 2
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City

Field Name Description Key Data Type Length Nulable? |Unique? |Valid Value Example | Constraints

cityCode unique ID of the City Primary [CHAR(7) 7 Characters |No [ves lccoooss LIKE CC[0-9](0-9J0-9]0-9]0-8]'
Up 10 90

cityName [The name of the city VARCHAR(90) _|Characters No [ves Bristol Length >2 and <90
Up 10 90

CountyName [The name of the county. VARCHAR(90) _|Characters No No |Gioucestershire _[Length >2 and <90

Foreign key to the Region
RegionCode table Foreign ICHAR(5) 5 Characters  |No No Ro174
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Gym

Field Name Description Key Data Type Length Nullable? |Unique? |Valid Value Example |Constraints
[The unique ID of the gym
GymBranchiD branch primary lcHAR() 7 Characters|No [ves 000386 LIKE 'G10-9J0-90-90-910-910-9]
Up 070
Name [The name of the gym VARCHAR(70) _|Characters o o Keep Fit Gym Length <70 and length >2
Up t0 150
Adaress Firstline of the adaress [VARCHAR(150) _|Characters o o 45 Hunter Road|Length <150 and lengh >3
[The gym's city adaress
citycode (foreign key 0 city Foreign lcHAR™) 7 Characters_|No o lccosa7s
LIKE {A-ZA-Z[0-9]iA-Z] (0-9]A-Z[A-Z] OR
LIKE {A-2[0-9]/A-Z] (0-9]A-Z]/A-Z] OR LIKE
1A-2[0-9] (0-9]/A-Z]/A-Z]'OR LIKE A-Z]0-
9110-8] [0-SJ{A-Z[A-Z" OR LIKE [A-ZJA-Z[0-
Upto8 9] (0-9][A-ZA-2] OR LIKE A-ZJA-ZI0-9]10-
PostCode [he gym's posteode VARCHAR(®) |Characters o o sa123ND ) l0-9JA-Z[A-27
e
[he gym'stetephone
number (multiple Upto17 LIKE {0-9]0-80-0-9J0-90-0-9J0-9]0-
TelephoneNo telephone formats) VARCHAR(17)  |Characters No No 07488345234 l9J0-9]f0-91
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MembershipType

Field Name Description Key Data Type Length Nulable? |Unique? |Valid Value Example | Constraints
[The unique 1D of the
MembershipTypelD | membership type Primary [CHAR(7) 7 Characters |No [ves MT00129 LIKE MTI0-90-9](0-8J0-9]0-9]'
[The name ofthe Up 10 70 New 12 Month
PackageName membership package VARCHAR(70) _|Characters No No Member Length <70 and >2
New member only. 12
[The description of the Up 10 220 month membership at
Description membership package VARCHAR(220) _ |Characters No No lany branch, Length <220 and >2
Up 10 30 Fixed-Term OR
ContractType [The type of contract VARCHAR(30) _|Characters No No Rolling LIKE Fixed-Term' OR LIKE Rolling'
[The duration type of the Up 1030
DurationType |contract (Year, Month etc) VARCHAR(30) _|Characters No No Month OR Year LIKE 'Year OR LIKE Month'
[The quantity of the
DurationQuantity |duration, eg 2 (years) INTEGER(3) No No 36 Integer
Ifthe membership is off
OftPeakMembership |peak (yes or no) B 1 integer No No ooR 1 10RO
Ifthe membership can be
lcancelled at any time (yes
CancelAnytime lor no) BIT 1 Integer No No looR1 10R0
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GymMembershipPrice

Field Name Description Key Data Type Length Nulable? |Unique? |Valid Value Example | Constraints
[The unique 1D ofthe [Composite
membership type - oreign (Primary,
MembershipTypelD _|key to MembershipType _|Foreign [CHAR(?) 7 Characters _|No No MT00129
[The unique ID of the (Composite
membership type - oreign (Primary,
GymiD key to MembershipType _|Foreign [CHAR(?) 7 Characters _|No No Go003se
[The joining fee amount i
OneTimePaymentFee |paid as a one-off payment DECIMAL(19,2) No No 110.98|>= 0 AND <= 9999
[The fee amount it paid
MonthlyPaymentFee _|monthly DECIMAL(19,2) No No 19.99|>= 0 AND <= 9999
JoiningFee [The fee amount for joining DECIMAL(19,2) No No 15/>= 0 AND <= 9999
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Customer

Floid Name oscrpton ey Data Type Lengn Nutable? _|unique? |Vatid Vatue Example |contralnts
[me unique 10 t0r me
customerin Jcustomer prmary |cHane) s craracters_|no vos |coooorss ReGEXP "Closims
[ e aym ney
[atend (Ratoronces Gym
aymin |Gymsianchio) Forogn |cHane) |7 craracters__|no o |Goooses
Up 0 50
Firetame |customars frst name [VARCHARG0) _|Cnaracters o o Jdonn Jongin <= 30 ang => 1
Up 0 50
Lasame |customars tst name [VARCHARG0) _|Cnaracters o o ggns Jongin <= 30 ang => 1
atworsirn |customars date of i oate o o 15850405 |Age >= 18
Up 0 320
(characters (up 10
/o4 for acal, 1 for
@, up 10 255 for lohn.iggns@emaspr
Emaiaddross |customers emas adaross |vaRcHAR(S20) _|domainy o vos loveor com ke %@ and lengin < 320
Used 10 enter ne gym (4
Passcode a9t key code) i |+ Dt o o 834 LIKE W30SO S0S)
e frst ine of teir Up 0 220
Homeaddross Jaddress |vaRCHARZ20) _|cnaracters o o |34 xings Lane lengih <220 characters and tengin > 2.
Homecitycode [er cty (address) Forogn |cHane) |7 craracters__|no o |ccoose
PosiCode LIKE (A-ZIAZ[0SIAZ (0-SA-
2142y OR PosiCods LIKE 1A-Z(091A-2 0-
1iAZJA21 O PosiCode LIKE 1A.2J0-) 0-
IS ZIA-2 OF PosiCode LIKE 1A.ZJ0-9Jo-
5] (0.9J(A-Z{A-Z1 OR PosiCade LIKE TAZIA
U os 12103) 0-3)AZiA-Z) OR PosiCods LIKE 1A
Postcode [ ot postcods [VARCHAR(S) __|Cnaracters o o 512 3o |2iAZi0 9)09) (09)A ZIAZY
[me telepnane numoer of Up 10 17 LIkE 1050305030505 505]0-
contactehoneno [mor emergoncy contact lvarcHaR(7)  |cnaracters o o lo74sssaszss si0s105]
etass of e medical
nistoryconatons i Up 0 500 [1vp0 2 Dabetes oR
Medicaisummary Jappicavle |vaRcHARS00) _|characters ves o o Longin <500
[ e date e customer frst
Jlomed (st
soinpate laymmemvorsnio) oate o o oz10512019|
[The UK bank acoount
numoer (7 dgt accounts. 8 Numerc
Bankaccounto ot pac ) |cHane) [characters o o 3450753 | LIKE {0-9J0-3J0-3J0-3J0-3J0-3J0-3J0:5
[T UK sor cods (armar
Sortcode l00-00-00) |cHaR®) |8 characters o o l2341.93 LIKE (0-9](0-91{0-8)(0-8}{0-9](0-9])
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MembershipPurchase

Field Name Description Koy Data Type Longth Nullsble? _|Unique? |Valid Valu Example | Constraints
[The unique 1D for the.

PurchaseNo purchase primary [cHaR(s) o Characters|No [ves Pooooss72 LIKE P10-9J0-510-91{0-9)0-91f0-9J0-910-9]
[The unique 1D of the

CustomeriD Jeustomer Foroign [cHan() 8 Characters |No o |coooo73s.
[The unique 1D ofthe

MemborshipTypelD | membership type Foroign [cHan) |7 Characters|No o ootz

startDate [The membership startdate pate 10 Characters_|No. No l2020-01-04 |Greater than or equal o todays date

Endbate [The membership end date pate 10 Characters_|No. No 20220104 |Greator than StartDate.

[The date the membership
PurchaseDate |was purchased pate 10 Characters_|No. o 20200102 Loss than or Equalto StartDate

[Joiing foe at the time of
purchase (from

JoiningFesPrice |GymMembershigPrice) DECIMAL(19,2) o o 110.99|Botween 0 and 9909
[One me fes at he fme of
purchase (rom

OneTimeFeoPrice |GymMembershigPrice) DECIMAL(19,2) o o 10.99|Botween 0 and 9999

Monihly feo at the tme of
purchase (fom
MonthiyFeePrice |GymMembershigPrice) DECIMAL(19,2) o o 21.90|Botwoen 0 and 9909

[The day (digi) of the month
the payment shouid be
taken (f not vaie ro to next|

MonthiyPaymentay _|vaid date) INTEGER(2) 2 dgts [ves o 12|null o Between 1 and 31
[The last payment date
lcakuated rom the.
MonthlyPaymentDay and

LastpaymentDate EnoDate pate o o 01101/2022| Greater than NOW and StariDate.
[ Whether or not the contract Up 1020 Cancelod’ OR ‘Actve’

status. is active or not VARCHAR(20)  [Characters No No |OR ‘Elapsed” Must be ‘Cancelled’ OR ‘Active’ OR ‘Elapsed”
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