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This report details analysis of the peak periods of load and the expected transactions for the Shape Up Gyms Database. Using this analysis the report proposes two database solutions, indexing recommendations and a distributed database design.
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[bookmark: _Toc35342947]Analysis of Peak Times
This database contains multiple tables used for multiple purposes, and therefore peak load times on each table will vary, below are four peaks which have been identified. Indexes should take into consideration these peak times as they can be used to enhance performance during busy periods [1].
[bookmark: _Toc35342948]Peak A
New signups to gyms will peak on weekends and weekday evenings when the majority of people are not working. This will result in new records being added to the Customer and MembershipPurchase tables. This will also require queries to be run on the Gym, MembershipType and GymMembershipPrice tables for potential customers to locate a gym in their area and review the packages available to them, including prices.
[bookmark: _Toc35342949]Peak B
For current Gym members (assuming that the passcode is used to enter/sign in to the physical gym location rather than being an online login) the highest load will be directly before and after working hours when most members will be accessing facilities. This is expected between 06:00 – 08:00 and 17:00 – 19:00 on weekdays. When each gym member enters their passcode a query would be completed on the Customer table to identify the customer, and a lookup on the MembershipPurchase table to identify whether this customer holds an active membership.
[bookmark: _Toc35342950]Peak C
it is expected that most customers would set up payments on the 1st of each month, resulting in a peak around this time. An update will need to take place on the MembershipPurchase table to mark the status of all records where a payment has been missed. It’s also possible that at this time, a query would need to be completed on this status to identify late payments, and a query then run on the Customer table to obtain contact details for these customers, grouped by the GymID to allow each gym to notify their customers of their late payments.
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There may also be a marked increase in queries completed on the MembershipPurchase and Customer tables when the gym wishes to push promotions to past customers with lapsed accounts to encourage new sign ups. Typically this would be expected around special occasions such as New Year.
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Multiple queries have been identified that are expected to be frequently used by the database, some of which are likely to take place frequently during the peak periods identified.
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Looking at Peak B which is a daily peak over a small number of hours, a frequent query will be doing a lookup based on a passcode number entered at a physical location to determine whether a customer record exists for this passcode, and whether an active membership is tied to this customer. This transaction is time sensitive as delays to access the gym may result in physical queues at the gym entry point, poor customer experience and potential complaints.
SELECT CustomerID, PurchaseNo
FROM MembershipPurchase
WHERE CustomerID = (SELECT CustomerID FROM Customer WHERE Passcode = '111112') AND Status = 'Active' AND EndDate >= GETDATE();
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The user flow for an online sign up requires optimisation as it can have an impact on Peak A and Peak D. Multiple queries would take place during this process, including a lookup for cities within a region and gyms within a city which have scope for indexing. It is not expected these tables would be particularly large, therefore if limited indexes are possible the best option would be to look at the next stage of sign up where a user reviews packages available at the gym they have selected. The following query could be used to provide these options to the user.
SELECT g.Name, t.PackageName, t.Description, p.OneTimePaymentFee, p.MonthlyPaymentFee, p.JoiningFee
FROM GymMembershipPrice p
INNER JOIN MembershipType t ON p.MembershipTypeID = t.MembershipTypeID
INNER JOIN Gym g ON p.GymID = g.GymBranchID
WHERE p.GymID = 'B0001'
ORDER BY t.MembershipTypeID;
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The following two queries are similar and are likely to take place during both Peak C and Peak D. During both of these queries, there is a need to return customer records belonging to a particular gym.
The first query is for Peak C which identifies users for a specific Gym who have a late payment on record, an example query is:
SELECT FirstName, LastName, EmailAddress, HomeAddress, CityName, Postcode, ContactPhoneNo, EndDate, MonthlyFeePrice, Status
FROM Customer c
INNER JOIN City cy ON c.HomeCityCode = cy.CityCode
INNER JOIN MembershipPurchase p ON c.CustomerID = p.CustomerID
WHERE GymID = 'B0001' AND Status = 'Late Payment';
The second is for Peak D which identifies users for a specific Gym who have a lapsed membership and could be targeted with a promotional campaign providing a new membership offer:
SELECT FirstName, LastName, EmailAddress, HomeAddress, CityName, Postcode, ContactPhoneNo, EndDate, Status
FROM Customer c
INNER JOIN City cy ON c.HomeCityCode = cy.CityCode
INNER JOIN MembershipPurchase p ON c.CustomerID = p.CustomerID
WHERE GymID = 'B0001' AND Status = 'Closed';
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Based on the above Peaks and Transactions, the following recommendations have been made when considering the overhead of the indexes compared to the performance improvements possible.
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The main index that could be used to speed up this transaction would be on the field Customer.Passcode which would allow a quick lookup of the CustomerID, it is expected that this table will contain a large number of records and also that a unique value should be returned [2]. This query will also be used frequently resulting in regular access to this field, but it is not expected that this column would be frequently updated making this a good candidate for indexing [2].
Alternatives could also be on the MembershipPurchase.Status and MembershipPurchase.EndDate fields which may have wider reaching performance improvements for other queries.
CREATE UNIQUE INDEX i_Customer_Passcode ON Customer(Passcode);
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To enable available packages to be returned to the user quickly the suggestion would be to index on GymMembershipPrice.GymID This table will have a large number of records (approximately the number of records in Gym multiplied by the number of records in MembershipType, although a gym may not offer all membership types) and so is most likely to be the bottleneck for this query [3], it is also expected that values in this field will only be updated when a new gym is added.
CREATE INDEX i_GymMembershipPrice_GymID ON GymMembershipPrice(GymID);
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The third recommendation has been selected as it will improve performance of queries likely to take place during both Peak C and Peak D. During both of these queries, there is a need to return customer records belonging to a particular gym.
Both could be enhanced by using an index on Customer.GymID which will allow fast searching for customers tied to a specific gym which can be used for these and possible other queries, for example finding all active members of a specific gym to send an email update regarding gym maintenance and closures. This field will be frequently accessed for a multitude of reasons, but infrequently updated unless a customer moves to another gym or a new customer joins [4].
Another possible index here could be on MembershipPurchase.Status, however this field is frequently updated which could cause an unnecessary performance impact, and queries would often return well over 25% of the records so an index may not be the most efficient method.
CREATE INDEX i_Customer_GymID ON Customer(GymID);
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The below tables each only hold a small number of rows and will be infrequently updated, for this reason I do not recommend fragmenting [5] the following:
· Region
· City
· Gym
· MembershipType
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GymMembershipPrice
In Transaction B a user requests to view the available packages for an individual gym which is the main use case for this table, another use case might be a gym updating their price list. In both cases only the records for an individual gym will be required, so for this reason the recommendation is to horizontally fragment this table based on the GymID; this should improve customer response times [6].
Completeness:
Each row in the GymMembershipPrice table must have a GymID and therefore appears in a fragment
Reconstruction:
Original GymMembershipPrice = GMP1 ∪ GMP2 … ∪ GMPn
Disjointness:
Each record can only belong to one GymID
Customer
This table contains a large amount of information and is used for multiple purposes and so a mixed fragmentation is recommended to improve transaction performance [7].
Vertical fragmentation could be used to split the table into data to be used for the central billing department (CustomerID, BankAccountNo, SortCode) and data to be used by each individual gym (CustomerID, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode, HomeAddress, HomeCityCode, PostCode, ContactPhoneNo, MedicalSummary, JoinDate). This keeps payment information accessible to the central billing department, and provides individual gyms with the information required for day-to-day operations and communications.
Within this, further optimisation could take place by utilising horizontal fragmentation based on the GymID. This would result in less records to search in Transaction A as each gym could hold their own fragment for their customers, and would assist with the ‘where clause’ in Transaction C. In both cases gyms should see improved response time and availability for time-sensitive Transaction A, and improved concurrency as multiple gyms will be accessing this data at the same time [6].
This allows each gym to hold and manage the data for each of its customers without having their data cluttered by customers of other gyms. There may be times when contact details for all customers might be required, a UNION could be used to achieve this.
Completeness:
Each column in the Customer table appears in either C1 or C2 and
Each row part in the Customer table must have a GymID and therefore appears in a secondary fragment 
Reconstruction:
Original Customer = C1 ⋈ (C21 ∪ C22 … ∪ Cn)
Disjointness:
Each record can only belong to one GymID
MembershipPurchase
The MembershipPurchase table should utilise derived fragmentation with the Customer table as the parent which uses horizontal fragmentation on the GymID, the tables should be joined on the CustomerID field. This will allow each gym to monitor and maintain the records for ongoing and lapsed memberships of their own customers, enabling searches such as those seen in Transaction C to be completed on a smaller number of records on improving response time [6].
Completeness:
Each row in the MembershipPurchase table must have a CustomerID, and each of these will be tied to a GymID in the parent table, therefore each record appears in a fragment
Reconstruction:
Original MembershipPurchase = MP1 ∪ MP2 … ∪ MPn
Disjointness:
Each record can only belong to one GymID
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