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[bookmark: _Toc35890086]1. Abstract
Here two solutions are offered to the client Shape Up Gyms for their evolving database requirements, as their business expands and new demands are made of the database.
[bookmark: _Toc35890087]2. Customer Requirements
Shape Up Gyms are expanding across Wales. They are considering changing their centralized database into a distributed database across their sites. The number of branches and customers is increasing and the current centralized database is under pressure, handling the multiple sites accessing at once. 
In addition to the requested proposal the current centralized database requires performance tuning.
[bookmark: _Toc35890088]3. Performance Tuning
‘SQL tuning is the iterative process of improving SQL statement performance to meet specific, measurable, and achievable goals.’ [1]
Performance tuning, or indexing, should be applied only where it achieves a measurable improvement in performance, and must have a purpose. For instance, this database has a column for medical conditions. It is not likely to be searched or amended frequently. Indexing it would offer no benefit as any performance improvement needs to be offset against the database space used to hold the index, and the server time required to maintain that index.
As in a book the index is a precise location point for each entry. It holds only the data location point so has a minimal impact on database size and performance, if implemented appropriately.
[bookmark: _Toc35890089]3.1 Queries
In order to index the most appropriate tables and data there needs to be an understanding of the user’s needs, and the queries and updates that can be expected.
Columns defined as primary keys (PKs are unique identifiers) are indexed by default. Secondary indexes, if required, need to be suitable for the queries that are most likely to be used. Consideration needs to be given to the purpose of the column and the amount of data it contains. The customer table will be one of the largest, and as so much relates back to it there is a case for additional indexing. The region table is small, and even if the company expanded into all of the UK it would remain small, so there is no case for any secondary indexes.


Queries that are likely to be frequent:
· Query by member name. Query could be to identify/amend their membership number, plan, bank details, contact details etc. Few members will know their membership number, hence it being a search by name rather than member number.
· Identify branches in a region (some regions may have several branches).
· Memberships that are due to expire or recently have expired. Finance will need to know likely income for next X months, membership sales will need to target members they may lose.
· Peak vs Offpeak memberships. In order to have the appropriate staffing level during those periods.
· Number of rolling memberships that can be cancelled anytime. Finance needs to be aware of the financial implications of potential membership losses.
· Sales of Day passes per month and gym. To identify trends in attendance and potential membership customers.
· Number of active memberships, by branch and overall.

[bookmark: _Toc35890090]3.2 Indexing
Indexes are not ideal on columns where data is modified frequently as changes require index maintenance and may potentially impact performance.
[bookmark: _Toc35890091]3.2.1 Index 1
Table: Customer
Column: Lastname and Firstname
At the gyms, where staff are dealing face to face or in the back office with clients, most queries are likely to start with the member name. Although Lastname is probably adequate, adding Firstname offers potential performance improvements over a very large database. You may have 300 members with the last name Jones, but only 2 with the full name of Maurice Jones.
A members last name may change very occasionally, but a first name change is rare, so there will be only a small amount of index maintenance.
[bookmark: _Toc35890092]3.2.2 Index 2
Table: MembershipType
Column: OffPeakMembership
In order to ensure suitable staffing levels, class and facility availability you need to know which time periods are busiest. With memberships changing all the time this may be queried frequently.
The O (offpeak) or P (peak) flags will not change so there is no index maintenance to consider.
[bookmark: _Toc35890093]3.2.3 Index 3
Table: MembershipPurchase
Column: Status and EndDate and MonthlyPaymentDay
Finance will frequently be looking at income over days, weeks or months to come.
Only the Status field is likely to change, so index maintenance will be minimal.

[bookmark: _Toc35890094]4. Distributed Database Solution
An appropriate distributed database design will hold data at the site (node) it primarily relates to and has several benefits:
Faster query and transaction processing as the data is held locally.
Site independence – the gyms control their own data and products.
Data availability – data is held at multiple sites so a single site failure will not stop business. If well designed and executed it is possible for the site with the system failure to continue working by accessing another site’s database (although this will impact performance).
Easier expansion as hardware upgrades can be made site by site rather than as a single change.
Failing to make the change will impact performance for all users (access bottlenecks and deadlocks), and may lead to issues with data integrity (incorrect data committed due to connection and access speeds from sites).

[bookmark: _Toc35890095]4.1 Fragmentation
Splitting the database up into the sections relevant to the site it is used at will, if designed and applied correctly, improve performance and data integrity as there is no waiting for a shared database to be available and fewer network speed issues to consider.
[bookmark: _Toc35890096]4.1.1 Horizontal Fragmentation
Dividing the database into subsets by rows (tuples). 
This database could be divided across the Gym table, by GymID, with each section stored at the site it relates to.
Most queries and updates would be done by the users on that site.
This would not be ideal for the Finance team at Swansea Head Office. They would have to run queries via connections to each site, which would be further complicated when running a query that needs data from all sites, such as end dates of active memberships.
Fragmentation must be reversible, and in the case of this horizontal fragmentation you would use UNION to bring the tuples (rows) back together.
[bookmark: _Toc35890097]4.1.2 Vertical Fragmentation
Dividing the database into subsets by columns (attributes). 
Database could be separated into financial and non-financial information. The membershippurchase table contains the columns relating to payments and membership, and the Customer table contains bank details. These could be stored at Swansea only.
With the rest of the database being held at all sites there is a lot of redundancy. If Site A rarely needs to access data pertinent to the other 10 sites it is illogical to have the entire database (excluding the financial data) on every site. It may also be costly as having more data to process requires more processing power.
Whilst there is only a few sites the impact may not be significant. But if the number of sites and members increases quickly, the solution may fall short.
To reconstruct the database you would use JOIN in order to reverse the fragmentation.
[bookmark: _Toc35890098]4.1.3 Mixed Fragmentation
A good solution to this request, with both horizontal and vertical fragmentation used.
First would be the Vertical split, with financial information remaining at Swansea.
Then the horizontal split to separate the database into the location based nodes.
Reconstruction of the database will be two stage. First use UNION to reverse the horizontal fragmentation, then JOIN to reverse the vertical fragmentation.
[bookmark: _Toc35890099]4.1.4 Derived Horizontal Fragmentation
‘Gym’ is a parent relation to ‘Customer’ as the customer ‘belongs’ to one gym branch.
The parent relation ‘Gym’ is horizontally fragmented into the separate branches, creating multiple tables :
G1 :  GymbranchID = ‘001’(Gym)
G2 :  GymbranchID = ‘007’(Gym) and so on for all Gym IDs
Because customer information will need to be accessed frequently by branch staff it would be useful to have that data available in a similar way:
C1 = C ⊳gymbranchid G1 (which is the horizontal fragment Gym=001)
C2 = C ⊳gymbranchid G2 (which is the horizontal fragment Gym=007)
Another option would be to use ‘membershippurchase’ as the parent, with ‘customer’ as the child. The joining point would be ‘CustomerID’. This would be useful for the finance department to be able to query bank details from the memberships table, without the need for the data to be fragmented vertically as in the mixed fragmentation solution.
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