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The purpose of this report is to assist Shape up Gyms in the development of their database. This will be done by performance tuning the system using indexes and providing a distributed database fragmentation schema.
[bookmark: _Toc35247011]Introduction
The brief provided to students states the fictional business Shape Up Gyms has expanded its services across Wales, part of this expansion involves upgrading the current IT system. The business will now grow to multiple gyms located in different geographical areas therefore the proposal to upgrade to a distributed database model will be assessed in this report. 
[bookmark: _Toc35247012]Model analysis
The concept of a distributed database model initially involves two parts, the distributed database and the distributed DBMS (Database Management System). To clarify each part these can be defined as –Distributed database – A collection and description of data distributed at different sites over a network [1]
Distributed DBMS – The software used to manage the distributed database making the distribution transparent to users [1]
There are also two types of DDBMS (Distributed Database Management System).
Homogenous – All sites run the same DBMS e.g. MySQL
Heterogenous – All sites run different DBMS e.g. MS Access, MySQL
A distributed database involves the sharing of data across a network, the interaction should work transparently with the user unaware that the locations are working together as if one central database [2]. The fact that Shape up Gyms is expanding to different geographical locations it seems logical this model is employed. There are advantages to using the distributed model for the expansion of the IT system but also disadvantages [2] [3].
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· Better availability and more reliable
· Failure at one site will not affect the entire system
· Security improved by restriction of access to data
· Fragmentation allowing local access to data improves performance
· Errors can be localised to help troubleshooting
· Scalability nodes can be added without upgrading hardware or processing
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· More complex design than centralised system
· Security more points to access means more vulnerabilities
· Integrity of data, preventing the corruption more complex
· Cost increase in staff numbers to deal with the complex design
· Efficiency can be affected if the workload between sites is heavy
One of the key points of specification for Shape up Gyms is to provide an improvement to the performance of the system using indexes.
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Performance tuning in the first stage involves examining queries that will be performed on the Shape up Gyms system, this also poses the question of what is not logical to index. The two main index types are – 
Clustered index – Sequentially ordered on the field usually the primary key 
Non clustered index – A non ordering field is selected for the index
In terms of operation if a full table is being scanned this can involve a lot of input/output processing, resulting in a heavy workload which can slow the system down. Indexes will improve system performance by generally containing fewer rows, with the rows added to the index already in order [4]. The author has selected the following indexes based on frequently run queries. Upon entry to the gym the customer may not always have their membership card ready or with them. This results in staff manually querying the system for the customer details, typically asking the customer for their full name, this can result in multiple matches if it’s a common name. To narrow the search the home address and post code has been added to the index. The name has been set in ascending order so the names run alphabetically when returned to the system. An index has been created for this frequently run transaction named CustomerDetails. 
[bookmark: _GoBack]Customers wanting to check the details of their membership, for example when a last payment was taken from their account or which day their account is to be debited, will mean a member of staff will place a query requiring information from two tables, Customer and MembershipPurchase. This presents the programmer with an opportunity to enhance system performance whilst balancing the creation of additional overheads being placed on the system by updates. The indexing of the foreign key CustomerID in the MembershipPurchase table has been chosen because it’s the key used to join those tables together, the MembershipTypeID also a foreign key has been added for staff to query the system for information on the number of members per membership type this information can be used by the business to drive initiatives if they were to have low numbers on any of the membership types with each gym having the ability to set its own prices. This index is named MembershipType.
Staff management querying the system can use the data to check how each gym is performing in terms of membership numbers and the demographic those numbers present. To clarify data can be obtained to find the age groups attending each gym, this data could then be used to drive forward different initiatives to attract more members in that demographic. For example, if there was an absence of members aged 50 to 60 years old a beginners class for gentle exercise could be introduced.  The index CustomerGym has been created to increase the speed in returning this data, it contains the date of birth field and the foreign key GymID which also help optimise any joins performed between the Customer and  GymMembershipPrice table.
Staff members querying the system for the details of each gym in terms of location, this information has been added as an index called GymDetails. This will help the business as it grows with potentially more locations added, if customers are seeking the most convenient gym to use, this information will be returned to the system more efficiently the foreign key CityCode is included in the index speeding up any join operation.
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The purpose of fragmenting data for the Shape up Gyms business is to partition the data into two or more parts, also enabling the parts to be reconstructed without any loss of data [5]. The ability to divide the data will result in fewer read write operations, optimizing the queries run by the applications, storing only the data required locally enhances security, in this case the customers financial information will only be visible to the Finance department at Swansea.
Replicated Tables
The region and gym tables will not be fragmented due to the small size of the tables and number of records and will be replicated at all sites. The GymMemberShipPrice table is similar in terms of records and size, also to meet the specification of each gym setting their own membership prices which could be updated to run special deals or offers specific to that location the author thinks it’s logical to replicate.
City Table
Horizontally fragment the City table using RegionCode and CityName. The horizontal fragments are:
C1 RegionCode = R0001(‘South West Wales’) and CityName = ‘Swansea’
C2 RegionCode = R0002(‘Mid Wales’) and CityName = ‘Newport’
C3 RegionCode = R0003(‘North Wales’) and CityName = ‘Bangor’
C4 RegionCode = R0004(‘South East Wales’) and CityName = ‘Cardiff’
This fragmentation links the correct region to city, this to allocate the correct data to its locality optimizing speed whilst enhancing security. This adheres to the correctness required.
· Complete yes all rows appear in both fragments
· Reconstruct from fragments with union = C1 U (Union) C2
· Are the fragments disjoint yes a city can only be in one region
Reconstruction: C1C2C3C4
MembershipTypeID Table
Horizontally fragment MembershiptypeID table on package name. The horizontal fragments are:
M1 MembershiptypeID = MT0001 and package name = ‘Annual’
M2 MembershiptypeID = MT0002 and package name = ‘Weekly’
M3 MembershiptypeID = MT0003 and package name = ‘Day Pass’
M4 MembershiptypeID = MT0004 and package name = ‘Monthly’
Reconstruction: M1M2M3M4
Fragmenting the MembershiptypeID table this way will put all package types together any queries on the system regarding packages or which type of membership a customer holds will be optimised by this fragmentation. This adheres to the correctness required.
· Complete yes all rows appear in both fragments
· Reconstruct from fragments with union = M1 U (Union) M2
· Are the fragments disjoint yes you only hold a single membership type at a time
Customer Table
Use vertical fragmentation on the Customer table.
CU1: CustomerID, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary, JoinDate(Customer)
CU2: CustomerID, BankAccountNo, SortCode (Customer)
The customer table is fragmented vertically to provide fragment CU2 to the Finance department at Swansea who process all payments. This enhances security by restricting access to the customers financial details. Correctness is adhered to.
· Complete yes each column in original table appears in either CU1 or CU2
· Reconstruct the fragments using natural join Original Customer table CU1       CU2
· The fragments disjoint except for the primary key CustomerID
Mixed fragmentation will then be employed using the fragment CU1, fragment again horizontally by GymID creating fragment CU3. This is done to locate the customer details to the gym they are using. Correctness has been adhered to by the following points.
· Complete yes each row appears in one of the fragments
· Reconstruct using UNION for the fragments split horizontally on GymID
· Then using a NATURAL JOIN to reconstruct the full table with Finance fragment to recreate the entire table
MembershipPurchase Table
Use derived fragmentation for MembershipPurchase table, the fragment is based on the horizontal fragment CU3 which horizontally fragments using GymID from the Customer table. Joins can be expected between the Customer table and MembershipPurchase Table because customers make purchases, so it is logical these are stored together to reduce overheads. MembershipPurchase Table is the child table to Customer (based on Customer table add purchases to the customer):
CU:	CU3      CustomerID MP	1  i  4
Reconstruction: CU1CU2CU3CU4
Reconstruction: MP1MP2MP3MP4
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