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[bookmark: _Toc35525511]Introduction
For a database to perform satisfactory for Shape Up Gyms, many improvements can be taken into account by implementing strategies that can improve how data is queried and how the data is accessible to all franchised Gyms locally and nationally.
     Data access speed can be important for most businesses as some queries are time critical and need to be addressed as quickly as possible [1]. Purchasing a product or logging into a system needs immediate answers or it can be the difference between a potential customer staying or leaving. A certain way to handle this, would be the use of Indexes or clustered and non-clustered indexes.
     For Growth to occur in Shape Up Gyms, expansion to different locations nationally can increase revenue and popularity. But creating a database system for each gym would be expensive and not very efficient on a time scale. For a business like Shape Up Gyms a distributed database system would make cost and efficiency sense.


[bookmark: _Toc35525512]Indexes, Clustered and Non-Clustered Indexes

Database Indexes are primarily used in the same way as an index found in a book. The intention behind them is to quickly query the data in a database, without having to search the whole system for the required answer. Indexes allow speedy select and sort rows in the database table and allow for faster data retrieval by providing random lookups and easy access to orderly records [2]. Although creating the indexes are quite straight forward and do not require much code, they do require planning to make them as efficient as possible. Clustered indexes are used to reorder the records stored in a table, similarly a non-clustered operates in the same way except the table is in one place and the index in another allowing for more indexes per table [3].
The Three chosen indexes for Shape Up Gyms are as follows:
1. CREATE INDEX idx_FinanceDetails ON Customer (FirstName ASC,LastName,BankAccountNo,SortCode)



2. CREATE INDEX idx_PaymentsMade ON MembershipPurchase (CustomerID DESC,MonthlyFeePrice,MonthlyPaymentDay,LastPaymentDay,[Status])



3. CREATE INDEX idx_WholePackage ON MembershipType (PackageName,DurationType,ContractType,DurationQuantity)

The aim behind the selected indexes were to quicken up the process of finding data that will be most searched for. The Gym will have to look up the finance details of the customer when they first join the gym, and whenever they upgrade a package or extend their term. The customer’s name is one of the most important in a database, due to most other information or tables will relate to that field.
  The Gyms success will rely on how many customers will join and how many customers will remain as members. Using an index on monthly fees and payment days is important as they will be accessed on a daily basis and knowing when the payments are due will help with the financial side of the business. 
Creating an index for customer packages was also chosen as this information will be accessed frequently at the Gym. The running of the business depends on the efficiency of this data as it is the main product that is on offer to the customers.
       Clustered indexes are automatically abreast of a table by using the row that contains the primary key. A custom Clustered index can be applied to a table, but a table can only have one clustered index, and if this needs to be changed in the future, the table will have to be dropped.

[bookmark: _Toc35525513]Distributed Databases

With vast developments in internet, mobile and wireless technology, a shift has occurred in the way database data is stored. Previous operations used Centralised databases where a single database is placed at one location run by a single database management system. Today, decentralised systems are in force allowing businesses to not only access the data on their local site, but also retrieve data stored at remote sites [4]. The design of the database has to reflect the organisational structure of the business so quick and efficient access can be made. A beneficial way to achieve this is to assemble a multiple databases that contains data relating to similar departments within the business.
  A distributed database system is distributed over different locations and is stored on multiple computers. This allows access to users who may work for the same organisation, but are situated in different regions. The implementation of a Homogeneous system would benefit the organisation as all the sites will use the same database software and operating system and cooperation between the sites will be fluid [5].
      This single database is split into several fragments, with each fragment kept on different computer systems but controlled by one database management procedure. 
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Fragmentation identifies the way a table in a database is separated into smaller tables. This is carried out to improve how the database is accessed and increase the efficiency for those who use it. There several ways in which fragmentation is beneficial:
· Improves Single-user response time
· Allows Concurrency from users in different locations
· Improves Availability of data
· Backup-and-restore options
· Accelerates the loading of data

There are a several types of fragmentation, which are:
· Vertical
· Horizontal
· Mixed / Hybrid
· Derived

[bookmark: _Toc35525515]Vertical Fragmentation
This procedure groups together the columns that reside inside a table, especially the columns that are  utilized mostly for transactions and select queries. The fragments should contain the primary key field for the purpose of  reconstructing the table if need be. Vertical fragmentation can also secure the privacy of data by keeping financial columns in a fragment on a secure system [6]. Based on the fact that the database for Shape Up Gyms will contain tables with financial information in them, this form of Fragmentation would be applied to:
· Customer Table
· Gym MembershipPurchase Table
Example of Vertical Fragments for Customer Table:
· Finance Fragment 
SELECT CustomerID FirstName, LastName, DateOfBirth, HomeAddress, PostCode, ContactPhoneNo, BankAccountNo, SortCode FROM Customer
· Gym Fragment
SELECT CustomerID, FirstName, LastName, DateOfBirth,  HomeAddress, HomeCityCode, PostCode, ContactPhoneNo, MedicalSummary, JoinDate, EmailAddress, [Password]  
FROM Customer

[bookmark: _Toc35525516]Horizontal Fragmentation
This type of fragmentation splits the table into row fragments. It maintains the base table in its original form, but can be used to speed up query searches when SELECT is being used. Rows can appear in multiple fragments and can remain close to the sites that need the information the most [7].
   Tables that contain data that only a certain gym will require remain on the local database or network, as other branches will not need to access this unique information. Horizontal fragmentation can be configured to the rows of the following tables:
· Gym Membership Price
· Gym Membership Type
The above tables have been selected, due to each gym having their own pricing scheme and having different durations for each customer that joins the gym.
Example of Horizontal Fragments for MembershipType Table:
SELECT * FROM MembershipType WHERE ContractType = ‘Core’
SELECT * FROM MembershipType WHERE ContractType = ‘Plus’
SELECT * FROM MembershipType WHERE ContractType = ‘Standard’
[bookmark: _Toc35525517]Mixed / Hybrid Fragmentation
Mixed or Hybrid fragmentation is a combined mixture of horizontal and vertical fragments, inclusive of rows and columns. The need for either horizontal or vertical fragments may be insufficient and the user may need to employ both because database users usually access subsets of data which use vertical and horizontal fragments and it will be essential to process queries or transactions that would access these fragments optimally [8].  
 This process can be adapted to:
· Gym Table

Due to the table containing information about the Gym itself and users may need to access the rows and columns.

Example of Hybrid Fragment for Gym Table:
SELECT GymBranchID, GymName, GymAddress, PostCode, TelephoneNo  FROM Gym WHERE CityCode = CC*****
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If a table only contains minimal rows or it is not updated regularly, the need to fragment is insignificant. It would be better to duplicate the table and have it available at every Gym site. The tables created for the gym contains two such tables that require no fragmentation, they are:
· Region Table
· City Table
[bookmark: _Toc35525519]Derived Fragmentation
At some point, the use of two tables may be required to complete a certain task. Derived fragmentation involves joining two or more tables together which then can sit on the same server. This is based on a horizontal fragmentation where the tables are joined by related data from all involved tables (parent / child relation). This will improve the efficiency of the primary and derived fragments [9].

[bookmark: _Toc35525520]Reconstruction of Global Relations
All base tables after fragmentation must have the option of reconstruction. This is achieved by combining all the fragments that contain data from a whole table and merging them back together. When the table is fragmented, it needs to be done in such away, that a user has the option of putting a table back together whenever it is required. The process is called “reconstructivness” [10] .
    For example, all the fragments of the Customer table that inhabits in the Shape Up Gyms database, should give a complete Customer table of records.
To reconstruct a table, operators need to be utilised to carry out the query that the user requires, but depending on the fragmentation used (horizontal, vertical or Mixed) has influence on the operator needed.
· Horizontal Fragmentation – requires the need of UNION operations to reconstruct a table.
· Vertical Fragmentation –  needs FULLY OUTER JOIN operations on the fragments.
· Hybrid / Mixed Fragmentation – Involves both UNION and  FULLY OUTER JOIN to recreate a base table [11]. 


[bookmark: _Toc35525521]Conclusion
For a database system to run efficiently on either a local or a global relation, the use of fragments and indexes are important. A Speedy response on any query that is made will help the user in processing the data they need without the possibility of losing custom due to lag times. Indexes are ideal in those type of situations as long as the right type of index is used for the most vital and imperative data in the system.
        Fragmentation enables growth in the business without further overheads brought on by the database needing multiple database management systems. All sites can access the same tables whether on local servers or over a network of servers and utilize the data without having the need to duplicate tables. Due to the ongoing development that Shape Up Gyms are supervising, the database structures described in this report are ideal for their organisational needs.
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