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Abstract
This report outlines the author’s suggested solutions to the two database problems presented in the brief: performance tuning and database distribution. The report starts with an introduction to the problem, followed by the author assumption about the provided database schema. The next section covers research into the two problem areas, followed by the author’s implementation of their solutions. The final section contains the author’s conclusion.
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[bookmark: _Toc35086847]Introduction
Shape Up Gyms is a growing company providing access to modern gyms with competitive membership plans. They have expanded from their original base in Swansea to other parts of Wales. They are in the process of revamping their IT systems to meet these demands, and they have a desire to deploy a distributed database model. They also require the performance of the database to be optimised. 
This report begins with the author’s assumptions regarding the provided database schema. It then provides background research into the practises of indexing and database distribution. Following this, the author’s recommendations for implementing these practises. The final section will be the conclusion.
[bookmark: _Toc35086848]Author’s assumptions
The author has made the following assumptions regarding the database:
· The Status field in MembershipPurchase is used to indicate whether a membership is active.
· The LastPaymentDate field in MembershipPurchase is the date of the last payment the customer will make for the membership.
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An index is an additional structure a Database Management System (DBMS) can use to improve the performance of data retrieval [1][2]. The query optimiser in the DBMS can use an index instead of a table scan to locate data if it determines the performance of the data retrieval will be improved [3]. This is down to indexes tending to contain fewer columns than the tables they index [4] and therefore reduce disk I/O [5][6]. There are two main types of index – primary (clustered) and secondary (non-clustered). Primary indexes sort the data in the table by one or more columns, meaning there can only be one primary index per table [5]. Primary indexes are typically created for primary keys [7]. DBMSs often carry out this practice by default [3][5][6].
Secondary indexes can also include one or more columns, but they are not sorted [8]. As such, a table can have multiple secondary indexes. As the brief requires that secondary indexes be set up in the database to improve performance, the remainder of this section will focus on secondary indexes.
A key consideration when choosing a secondary index is whether the table has low update requirements, as the maintenance of the index will have a larger overhead with tables that are updated regularly [3][5]. Indexes should be avoided on columns with a low number of distinct values (e.g. Boolean columns) [3] as a table scan will generally be more performant [5]. They are recommended for columns that are frequently included in aggregate functions, sorting operations and WHERE clauses [5][9], as well as for foreign keys that see frequent access [9]. They should be avoided for queries that return an large proportion of the original records as a table scan may provide better performance [5][9].
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A distributed database management system (DDBMS) allows a logical database to be fragmented across multiple sites. Each fragment is managed by separate DBMS’ connected via a network. Each site can process the local and remote data [10]. The distribution of the database should remain transparent to the end user [10]. Having the data closer to where it will be accessed can improve performance, as there will be fewer delays relating remote access, and each site handles a part of the data processing [11]. It also allows users at each site to enforce local policies [10]. Expansion of the system is also simplified compared to a centralised DBMS as further sites can be added without affecting the operation of the current sites [10].
The fragmentation must adhere to the following rules [10]:
· Completeness – the data must be present in at least one fragment.
· Reconstruction – it must be possible to reconstruct the original table from its fragments.
· Disjointedness – data should only appear in one fragment. The exceptions to this rule are primary key fields in vertical fragmentations.
There are two main methods of fragmentation [10]:
· Horizontal – the fragments are subsets of table rows
· Vertical – the fragments are subsets of table columns
These can be combined in mixed fragmentation. There is also derived horizontal fragmentation which fragments a table based on the data in a joined table. Another option is to not fragment the table, which may be chosen if there is a small number of records [10]. In this case, the choice may be made to replicate the table at all sites.
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Based on the previously mentioned brief, the author made the judgement that the following secondary indexes should be implemented:
1. A non-clustered index on the LastName and FirstName fields in Customer,
2. A non-clustered index on the JoiningFeePrice, OneTimeFeePrice and MonthlyFeePrice fields in MembershipPurchase, and
3. A non-clustered index on the CustomerID field in MembershipPurchase.
Index 1 was chosen as these fields will often be used to sort query results that contain customer details. There may also be used to search for customers by name.
Index 2 was chosen as the fees relating to the membership, particularly the monthly fee, will be used as part of aggregate functions. 
Index 3 was chosen as CustomerID is a foreign key in MembershipPurchase and will often be used in joins as the Customer table is what links the MembershipPurchase and Gym table. This field should also have a high number of distinct values.
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The brief stipulates that Shape Up Gyms propose to distribute their gym membership system by regional area, with the finance processing being managed centrally at the head office in Swansea. To this end, the author has devised a strategy for distributing the database. The following section outlines the fragmentation strategy used for each relation in the database. The fragments shown in the following section are based on the sample data in the database. 
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This relation will not be fragmented and will instead be replicated at all sites. This is due to the small number of records and the infrequency of changes to data in the relation.


[bookmark: _Toc35086856]Region
This relation will not be fragmented and will instead be replicated at all sites. This is due to the small number of records and the infrequency of changes to data in the relation.
[bookmark: _Toc35086857]City
This relation will have a horizontal fragmentation based on the RegionCode field. This is due to the requirement for the database to be distributed by regional area.
The horizontal fragments are:
A1: 	RegionCode = ‘R00001’ (City)
A2: 	RegionCode = ‘R00012’ (City)
A3: 	RegionCode = ‘R00013’ (City)
A4: 	RegionCode = ‘R00014’ (City)
The reconstruction of the fragments is: 
A1  A2  A3  A4
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This relation will have a derived fragmentation based on CityCode which links to the City relation. This means the gyms will be split by region as this is how the City relation is fragmented.
The fragmentation is as follows:
Gi:	Gym ⊳ Ci	1  i  4
The reconstruction of the fragments is: 
G1  G2  G3  G4
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This relation will have a derived fragmentation based on GymID which links to the Gym relation. This means the gym memberships will be split by region as this is how the City relation, and subsequently the Gym relation, are fragmented.
The fragmentation is as follows:
GMi:	GymMembership ⊳ Gi	1  i  4
The reconstruction of the fragments is: 
GM1  GM2  GM3  GM4
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This relation will have a vertical fragmentation to split the data required for the Finance department from that required by the gyms. 
The vertical fragmentation is as follows: 
Cu1 (Finance):		NIN, BankAccountNo, SortCode (Customer)
Cu2 (Gym Staff):	NIN, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary, JoinDate (Customer)
Derived fragmentation, based on GymID, is then used on fragment Cu2. This will fragment it by region as per the requirement.
The derived fragmentation is as follows:
Cuii:	Cu2 ⊳ GymID Ci		1  i  4
The reconstruction of the fragments is:
(Cu2,1  Cu2,2  Cu2,3  Cu2,4) ⋈ NIN Cu1
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Similar to the Customer relation, this relation will have a vertical fragmentation to split the data required for the Finance department from that required by the gyms. 
The vertical fragmentation is as follows: 
MP1 (Finance):	NIN, JoiningFeePrice, OneTimeFeePrice, MonthlyFeePrice, MonthlyPaymentDay, LastPaymentDate (MembershipPurchase)
MP2 (Gym Staff):	NIN, CustomerID, MembershipTypeID, StartDate, EndDate, PurchaseDate, Status (MembershipPurchase)
Derived fragmentation, based on CustomerID, is then used on fragment MP2. This will fragment it by region as per the requirement.
The derived fragmentation is as follows:
MPii:	MP2 ⊳ CustomerID Cui	1  i  4
The reconstruction of the fragments is:
(MP2,1  MP2,2  MP2,3  MP2,4) ⋈ NIN MP1
[bookmark: _Toc35086862]Conclusion
The author believes the implementation outlined above will fulfil the criteria set out in the brief. The database could be developed more in future to include additional secondary indexes to further improve performance. The author recommends that more in-depth testing of the indexes should be carried out with larger datasets to ensure the validity of the current indexes and highlight any other potential indexes that could be added. The fragmentation strategy outlined in the report meets the company’s current requirements, with scope for expansion as the company grows to new regions. 
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