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Abstract
This report will offer solutions solving the problems for Shape Up Gyms. These problems are performance tuning, this will be exploring indexes to improve query times, and a distributed database solution to scatter their information over different sights using different fragmentation techniques.
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This report will focus on producing solutions for performance tuning using indexes and distributed database solutions. Outlining the different indexes used and reasoning for them, also the different fragmentation types and solutions that could be applied to the database improving the usage at each network location.
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[bookmark: _Toc35895247]2.1.1 Index 1 – Package Name
Data that will be accessed frequently is the name of the available packages. So, the first index on the Membership Price table, and the indexed column is the package name. This is a non-clustered secondary index [1] as the package names are not ordered by default. The reason for indexing this column is, when a new customer goes to the gyms they will be requesting information on the available packages, as they will be purchasing one. This index will speed up the query when the information desk is requesting this data.
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Another index is on the customer names. This is an important index to have as when the admin office is looking for the customers in the Cardiff gym, all the names are indexed speeding up the search. There will be lots of customers in this table, so when their names are searched for only this information is gathered from the index and not the rest of the columns that could be unnecessary for the search. This index firstly sorts the customers last names by ascending order, then the surnames by ascending order. Making it easier when looking through the data as, if someone is looking for a name they will be able to skip to the letter in alphabetical order, for the customers last name then first name. This index has a where clause that only indexes customers who are in the Cardiff gym, by only selecting rows that have a GymID of ‘GY001’.
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The third index is a unique non-clustered index on the GymID column and the Gym Name column in the Gym table. The index is unique as one of the indexes columns is a primary key, this means it will only gather the unique values, as primary key columns are unique by default [2]. The reason for choosing this index is, when searching for a list of all gyms, it will speed up the query by returning all the gym names and IDs. This query will be used frequently by all branches of the gyms and the head office. For the gym branched the customer will want to see all the other gyms as their membership will allow them to attend any of the other gyms around Wales. The head office will be executing the same query often for the same reason, but also as they will be referring to a list of gyms when doing any paperwork for each one.
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This fragmentation type is based on horizontal fragmentation, aiming to split table rows and allocating them to the sites where they are frequently used to avoid remotely editing them [3]. The region, city gym and membership type tables will not fragmentated as these tables have a small number of rows.
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The gym membership type table will be split using the gym id. The reason for this is the gym will only have the membership types that are used for that specific gym, as there is no need for the gym to sort the membership types for a gym that can be purchased at that gym.
MT1	GymID = ‘GY001’
MT2	GymID = ‘GY002’
MT3	GymID = ‘GY003’
MT4	GymID = ‘GY004’

Reconstruction = MT1 MT2 MT3MT4
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This table will be split in the same way as the membership type table as the gyms will be adding customers to this table, but only ones that will be joining their local gym. Also, the gym will be updating personal information or finance information on the customers regularly. This fragmentation will stop remote writing to the table. 
C1	GymID = ‘GY001’
C2	GymID = ‘GY002’
C3	GymID = ‘GY003’
C4	GymID = ‘GY004’

Reconstruction = C1C2C3C4
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The horizontal fragmentation in this table will be on the customers id number and end contract date. This is the case as when the gym is updating the payment dates it will only be on the customers who attend that gym and still have a valid membership, or the membership ended in the current month. Also, the gyms will be querying which customer which payment plan and change it if this is requested, so this will all need to be stored locally at the gym site.
MP1	GymID = ‘GY001’ and EndDate > CurrentMonth
MP2	GymID = ‘GY002’ and EndDate > CurrentMonth
MP3	GymID = ‘GY003’ and EndDate > CurrentMonth
MP4	GymID = ‘GY004’ and EndDate > CurrentMonth

Reconstruction = MP1MP2MP3MP4
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This type of fragmentation involves splitting the tables by the column and allocating them to specific place on the network. When comparing the cost locally sorting the data or remotely accessing it, locally storing the correct fragments is the lowest costing [3]. The tables region, city, gym and membership purchase do not need a vertical fragmentation solution as they can be stored at each location because there is limited information in each table. The other tables that has no fragmentation is the gym membership table and membership purchase table. These tables will need to be fully accessed by the finance team as all the columns are needed when working out the customer financial information.
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This table will be split so the finance department can have the financial package information but not the description as this is needed for them when they are setting up direct debit information on customer accounts.
MT1 (Gyms)	 MemebershipTypeID, PackageName, Description, DurationType, DurationQuantity, OffPeakMembership
MT2 (Finance)	 MemebershipTypeID, ContractType, CancelAnytime

Reconstruction = MT1(MemebershipTypeID)        MT2(MembershipTypeID)
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The vertical fragmentation solution that will be applied to this table is separating the account details from the customer information. The account information is needed by the finance department as these are the details that the money will be taken from to pay the membership for the gym. This is also more secure as the gym branches will not have access to this sensitive information.
C1 (Gyms)	 CustomerID, Firstname, Lastname, DateOfBirth, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNumber, Medical Summary, JoinDate
C2 (Finance)	 CustomerID, GymID, BankAccountNo, SortCode

Reconstruction = C1(CustomerID)	     C2(CustomerID)
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When looking at this fragmentation, it is a mix of the vertical and horizontal fragmentation. This takes the advantages from each type and combines them so it can be used where either or both styles are needed. The tables that have no mixed fragmentation are the region, city, gym, membership type and membership purchase.
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The fragmentation solution on this table is removing all the financial information on the customers table at each gym site by using vertical fragmentation. The reason for this is that it is more secure because none of the gym employees will have access to this personal data that they do not need to access. Then using horizontal fragmentation, the customer will be split so that their information can be stored at the gym that they attend.
C1 (Finance)	     CustomerID, GymID, BankAccountNo, SortCode
C2 (Gyms)	 CustomerID, Firstname, Lastname, DateOfBirth, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNumber, Medical Summary, JoinDate

C21		GymID = ‘GY001’
C22		GymID = ‘GY002’
C23		GymID = ‘GY003’
C24		GymID = ‘GY004’

Reconstruction = C1(CustomerID)	     (C21C22C23C24)
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This solution of fragmentation involves using joins made between tables. So, the fragmentation is based on the previously defined constraints using the primary and foreign keys that link the tables [4]. This is only used on tables that isn’t dependent on another table. The only table 
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When fragmenting the membership purchase table using derived horizontal fragmentation, it will split the table rows so the purchased memberships will be grouped by the gym the customers are registered with. Meaning the tables can be stored at the gym branch and only the purchases for that branch will be stored at the branch.

MP1:  GymID = 'GY001'
MP2:  GymID = 'GY002'
MP3:  GymID = 'GY003'
MP4:  GymID = 'GY004'

Reconstruction = MP1MP2MP3MP4
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These solutions for the performance tuning defining the different indexes show improvement to the speed of the databases and querying for different data. Also, the solution for the fragmentation demonstrates that there are different solutions for each of the tables to improve on the performance and storage size of the database on each site. 
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