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‘Shape Up Gyms’ are a Welsh health and fitness organisation dedicated to serving their members of their seven gym branches across the country. Owing to their rapid expansion, Shape Up Gyms require a modern database solution (distributed database model) in order to meet their growing needs. In addition to this solution, Shape Up Gyms have also requested that the database be tuned so that their most important transactions will have improved query performance.
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Indexing Solution (Code)

/*Queries Relating to Customers themselves are likely to be ordered by Customer Last Name, rather than Customer ID (and, for example, if the medical information stored in the database needs to be accessed quickly, the search will likely be by name) and this index will improve performance for all customer related queries due to the inevitable ordering process */

CREATE INDEX Index_CustomerNames

ON CUSTOMER (LastName,FirstName);

/*Queries that are ordered by area are likely to utilise this 'area hierarchy' and so this index will improve performance for queries that utilise this concept. Such queries may be used to determine performance of individual gyms/locations */

CREATE INDEX Index_Location

ON CITY (RegionCode, CountyName, CityName);

/*In terms of their products and analysing how successful their range is, queries may incorporate mathematical functions with results ordered by the packages themselves, can be used as a means to monitor performance of the range of packages offered by shape up gyms */

CREATE INDEX Index_Package

ON MEMBERSHIPTYPE (PackageName);
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Query optimisation is enormously important in large SQL Server databases as queries can often take many minutes if not hours if the tables contain enough data. It is when dealing with such large volumes of data, whereby running through the entire table to collect all relevant records is highly inefficient, indexes can have drastic performance enhancing qualities [1]. 

In the case of the ‘Customer’ table, prior to the integration of the index solution provided, running any query whereby the ‘Where’ clause is utilised to search for a specific name would result in the query scanning all rows sequentially (by ID) until all rows have been scanned and returning any relevant records. The index solution streamlines this process by effectively providing an alternate ‘ordering’ to the table; in this case ‘LastName, FirstName’. If the same query was run with this clustered index available, the query optimizer would be able to evaluate the most efficient way to return results, and then execute the query using that method, rather than simply using the default primary key and scanning all rows. 

[bookmark: _GoBack]When the query optimiser has evaluated the available methods of extracting data from tables and selects the use of an index as the most efficient, it will search the index key columns and locate the relevant location in which the rows are stored and then returns all rows that match the criteria of the query run. As the query optimiser will select the most appropriate/efficient means of extracting data available to it (be that table scan, or the use of an index), it is highly recommended that indexes are utilised to improve performance as, even when those indexes would cause inefficiencies when executing a query on a table, the optimiser would simply use the default table scan methodology, thus resulting in no drawback to having the performance tuning index [2].

It is absolutely reasonable to assume that, in front-facing operations, the business will have the greatest need to utilise queries that utilise the FirstName and LastName fields for general administrative tasks; or indeed in the case of emergency, where any medical information on the system needs to be accessed (The MedicalSummary field) potentially in order to save lives. Queries run on the customer table are likely to be ordered by or used in conjunction with a ‘WHERE’ clause referencing the first or last name of a customer and therefore it is highly justifiable to create an index that will improve the performance of these queries.

Corporate reporting functions will have a need to regularly report financial performance and other key metrics to business leaders within Shape Up Gyms. And it is most logical to establish a location hierarchy (Region, County, City) to aid corporate reporting and performance management. If multiple gyms were to open within a single city, ‘gym’ could be added as the fourth and finest layer of granularity within the location hierarchy. Business managers may make key business decisions such as choosing to close sites with poor financial performance or customer retention, or indeed open new gyms in regions that’s are performing above average. This index will support efficient and high-performance transactions that are needed to achieve the evidence-based decision making that will ensure Shape Up Gyms remains an effective business for many years.

Performance management, though, is not just limited to the locations and their respective performance themselves. The products that Shape Up Gyms are trying to sell are memberships to their gyms, and the proxy are the packages available to customers. Shape Up Gyms will likely listen to customer feedback and regularly review uptake of the subscription packages they offer, with a view to update, add, remove or generally adjust the range of packages offered to customers. Further to this, the potential to have a potentially unlimited number of packages could quickly mean that hundreds of combinations of packages are available, particularly if Shape Up Gyms introduce promotional packages that are offered to students, emergency service staff, and so on; this table has the potential to ‘snowball’ and accumulate thousands of rows if Shape Up Gyms utilise effective marketing strategies in a bid to lure more customers to their business. The packages themselves and uptake of them would be a key measure of success for this kind of marketing strategy and therefore the index will ensure that, should Shape Up Gyms utilise such a function, the transactions they make with this table will be efficient.
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Proposal is to distribute their customer base and the gym membership system based on regional areas. Central finance team processing all payments.

The purpose of a distributed database solution in this scenario is to connect and share all of the data generated by Shape Up Gyms via a telecommunications network (LAN or WAN are infeasible in this scenario given that Shape Up Gyms have sites all over Wales). This ensures all data generated at all sites is available to users at other sites; most notably, in the case of Shape Up Gyms distributed database solution proposal, is the centralised finance team in Swansea. While the general flexibility and scope to adjust should change be forthcoming mean that Selective Replication is the most commonly used strategy, in the case of Shape up Gyms’ central finance team, complete replication would be more viable for some corporate functions due to the ‘read-only’ nature of reporting; for Shape Up Gyms’ finance team, who will be processing payments and needing to update the database, however, a Selective Replication strategy will be utilised.

No fragmentation whatsoever should occur in relation to the ‘Region’ table.

No horizontal fragmentation should occur in relation to the ‘City’ table, but the ‘CountyName’ attribute could be lost as it is somewhat redundant for the intended purpose of this scenario.

No horizontal fragmentation should occur in relation to the ‘Gym’ table, though Address, Postcode and Telephone number could be lost as it is redundant. Gym name will be retained as there is potential to open multiple gyms in once city, despite Shape Up Gyms not yet doing this within this scenario.

No horizontal fragmentation should occur in relation to the ‘MembershipType’ table. ‘OffPeakMembership’ and Description could both be lost as they are redundant in this scenario.

With the specific example, significant horizontal fragmentation could take place as costs are uniform across every gym in every city; therefore, there is an element of redundancy in retaining all the data, when it is effectively duplicated. However, as there is clearly potential for change in this regard and Shape Up Gyms could need all of this data in future and so principally, no horizontal fragmentation should take place, nor any fragmentation. That said, the entire table can be considered somewhat redundant as all the information relevant to the needs of Shape Up Gyms is stored in other tables (Customer and Membership Purchase).

For the purposes of the customer table, I will assume that Shape Up Gyms do invoice their customers digitally and physically and will experience some issues processing payments; this renders addressing and contact details essential, whereas in an alternate scenario, they may be more limited and less important. A number of attributes can be excluded: Passcode, MedicalSummary and JoinDate can all be excluded.

Horizontal fragmentation can take place with regards to the ‘Status’ column, with inactive memberships being excluded. All attributes are essential in this table. 

By ensuring the rules of fragmentation are complied with: Completeness, Reconstruction and Disjointedness, we can fragment this database without losing data, severing functional dependencies or having redundant data unnecessarily. Operators that we may need to complete this are: The ‘Where’ clause (predicates), ‘Join’ (Merging tables via common attributes/keys) and potentially ‘Union’ (Appending additional results of a ‘second’ query to the results of a first).

 In order to process the payments of customers, information stored in the ‘Membership Purchase’ table and ‘Customer’ table are essential. The ‘Join’ function should be used to bring in additional attributes from the customer table, such as account number and sort code, and perhaps even address/e-mail if required for invoicing type processes. Essential attributes from the Membership Purchase table will be ‘PurchaseNo’ (Can be considered an invoice/transaction ID for reference), as well as every date column and MonthlyPaymentDay. A notable predicate would be ‘Status’ whereby the Where clause is used to exclude any records relating to ‘Inactive’ members.
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The Shape Up Gyms scenario has been drastically simplified for academic purposes and it’s very clear to immediately see the sheer extent of constraints and careful design that need to go into designing a great, functional DDBMS solution. Clearly, there would be an element of ‘Trial and Error’ if this DDBMS solution was implemented (if we ignore the fact it may not fulfil the needs of such a business due to the simplification of the DDBMS) as there are undoubtedly considerations that have not been taken; issues would occur over time and require alterations and potentially intervention to correct redundant, erroneous or false data entry. Hundreds of check constraints could easily be utilised to try to maximise correctness and completeness of data; there is likely, however, some drawback as users may devise workarounds to get around what they may consider to be ‘unnecessary hurdles’. 

Creating an effective and functional DDBMS requires a combination of adept business process understanding and extremely effective planning to ensure both relational integrity and indeed performance remain satisfactory to clients.
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Appendix

Entity Relationship Diagram:
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