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[bookmark: _Toc503191919][bookmark: _Toc503192157][bookmark: _Toc3999565]1. Introduction
This document has been produced to outline the decisions for the distributed database management proposal and performance tuning decisions for the Cycles to Share company.

[bookmark: _Toc3999566]2. Performance Tuning
Important queries that may be frequently executed in the CyclesToShare database may be like the following:
· Is a customer’s subscription active?
· Generate a bill / charge payment
From these above queries, the following indexes were created.

[bookmark: _Toc3999567]2.1 IX_AccountSubscription_Status
AccountSubscription status was indexed to speed up queries checking if a subscription is active for the finance team, and for when the customer is trying to book a rental. The Status column would only be updated once the account has credit, has a subscription or expires, so would not update frequently.

[bookmark: _Toc3999568]2.2 IX_Account_PaymentInfo
The three columns for payment information – PaymentDate, PaymentCard and PaymentCardCVC were used for this index to help speeding up payment queries. These pieces of information would be rarely updated, only when a new customer is registered, if a customer changes their payment card or direct debit date.

[bookmark: _Toc3999569]2.3 IX_Account_AccountChecks
Account AccountChecks was indexed to increase the speed of customer account queries – increasing the search speed for AccountNo, Password & DoB to allow for data protection checks to be completed quickly.

[bookmark: _Toc3999570]3. Distributed Database Solution
A distributed database system can be defined as a collection of interrelated databases that have been distributed over a network to various sites [1, p. 4] [2, p. 1]. To form a distributed database system (DDBS), there are three common guidelines:
· Files must be logically related when stored,
· Structure among the files,
· Access should be via a common interface

There are three design concerns that can affect the performance of a DDBS – fragmentation, allocation, and replication [2, p. 2], [3, p. 59]

[bookmark: _Toc3999571]3.1 Fragmentation
Fragmentation is a design technique that reduces the amount of irrelevant data accessed by the database applications, reducing the amount of times a disk is accessed, thus improving performance. Instead of distributing single relation or class of a database, it is common to split them into two or more partitions – these are called fragments, which are then distributed to the databases [1, p. 106], [4, p. 28], [3, p. 59].
	There are four types of fragmentation used. Mainly vertical or horizontal, but hybrid (a mix of vertical and horizontal fragmentation) and derived fragmentation also exists.

[bookmark: _Toc3999572]4. Proposed Distribution
[bookmark: _Toc3999573]4.1 City
To be replicated across all sites as the table only contains a small number of records.

[bookmark: _Toc3999574]4.2 Station
Due to the amount of records, it may be fine to just duplicate across all sites, however it would be recommended to use horizontal fragmentation for Station and utilising the following predicates:

	S1
	CityCode = ‘CC01’

	S2
	CityCode = ‘CC02’

	S3
	CityCode = ‘CC03’



Reconstruction: S1  S2  S3

[bookmark: _Toc3999575]4.3 Account
For the Account table, it would be best to utilise mixed fragmentation, as the payment information is to be accessed and stored in the Swansea office, but each local office can have their own customer records. The distribution plan would look like this:

	A1
	AccountNo, RegistrationDate, FirstName, Surname, DateOfBirth, Email, Email, Password, PhoneNumber, Address, CityCode, PostCode (Account)

	A2
	AccountNo, PaymentDate, PaymentCard, PaymentCardCVC (Account)



Then horizontal fragmentation can be applied for the account to be stored at their local office:
	A11 
	CityCode = ‘CC01’ (A1)

	A12
	CityCode = ‘CC02’ (A1)

	A13
	CityCode = ‘CC03’ (A1)



Reconstruction: (A11  A12  A13) ⋈ AccountNo A2

[bookmark: _Toc3999576]4.4 Bike
For the Bike table, it would be best for these to be stored locally to each office. It would be quicker for customers as they are stored locally, when booking a rental it can just check the status of the bikes for that specific station/city. 
This can be done via the relevant StationCode in the table, or by using derived fragmentation and joined on the CityCode from the Station table:

	B1
	B ⊳ CityCode S1 (S1 is a horizontal fragment from Station, CityCode=’CC01’)

	B2
	B ⊳ CityCode S2 (S2 is a horizontal fragment from Station, CityCode=’CC02’)

	B3
	B ⊳ CityCode S3 (S3 is a horizontal fragment from Station, CityCode=’CC03’)



Reconstruction: (B1  B2  B3)

[bookmark: _Toc3999577]4.5 Rental
The Rental table should be stored locally also, joining StationCode from Station on PickupStation from Rental, deriving the CityCode, or on CityCode from Account and being joined on AccountNo:

	R1
	R ⊳ CityCode S1 (S1 is a horizontal fragment from Station, CityCode=’CC01’)

	R2
	R ⊳ CityCode S2 (S2 is a horizontal fragment from Station, CityCode=’CC02’)

	R3
	R ⊳ CityCode S3 (S3 is a horizontal fragment from Station, CityCode=’CC03’)



Reconstruction: (R1  R2  R3)

[bookmark: _Toc3999578]4.6 RentalBike
As the bike can be returned to another station, it could be difficult to store these locally, unless based on the Bike table values and the original stations. The Swansea office processes payments, and the RentalBike contains potential charges, so they will need access to this – it may be best to store these on the Swansea database without fragmenting the records.
	There is the chance that as the RentalBike table is constantly updated, this could cause problems with the database connection to Swansea, so may need to be revised.

[bookmark: _Toc3999579]4.7 AccountSubscription
AccountSubscription table may be best being stored at Swansea, as the finance team will need to know if a subscription is active, how much to charge and when the direct debit is to be taken.

[bookmark: _Toc3999580]4.8 TariffRate
TariffRate may be best being stored at Swansea, as the finance team will need to know how much to charge, and in case of any tariff changes – assuming this would be completed by the finance team.
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