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Introduction
Cycles to Share started as a small company operating out of Swansea providing customers with a bike share scheme in Swansea and its surrounds. Customers registered with the company can hire a bike for specific durations on either on a pay as you go or an annual membership scheme. The popularity of the schemes has led to the company expanding its services to other parts of Wales. To support their growing customer base and improve services, they are in the process of upgrading their IT systems. As part of this process, they would like to implement a distributed database model. The proposal is to distribute their growing customer base and the bike hire system at a regional level. The finance department will remain at the main head office in Swansea and will be responsible for processing all payments.
Cycles to Share have created a relational database schema for their business, however two problems have arisen these are:
· Performance Tuning
· Distributed Database Solution
This report is going to address these problems to help Cycles to Share. First for the performance tuning, this section is going to be an investigation on the most important transactions for Cycles to Share to increase query performance. 
For the next section (distributed database solution) a proposed distributed database design which can be used distribute their information according to the requirement in the case study will be created.






Performance Tuning
Introduction
In this section of the report an investigation on the most important transactions for Cycles to Share will be undertaken to improve the query performance. A data query is a database transaction used to query the database for information. The requirments for a query is that it is important and frequently executed within the Cycles to Share database. Three secondary indexes which can be added to improve performance will be looked at.

Secondary Indexes 
The secondary indexes which are going to be implemented include:
· Check all the available bikes to hire.
· A search for every account which has a subscription with some key information such as first and surname, phone number and their card details.
· What the total amount of profit is made through the monthly and annually subscription type.
The first secondary indexes is very simple however it is very useful, it is to search for all available bikes which can be hired. This has been selected at it is a quick way for anyone searching thorough the database to find all bikes which are available this saves time and simplifies searching for available bikes.
The next secondary indexes is going to be a search for every account which has a subscription. With a few key details including Account Number, First Name, Surname, Subscription Type and Card Details (card number and card CVC). This has been selected so that a search can be easily done to search for all the accounts which have a subscription. As not every account has a subscription it is important to have a way of searching through all account and having a way to find the accounts which do have a subscription.
The last secondary indexes is going to be a way to find out the total amount of income which has been made through both the monthly and the annual income. This is going to search through all the monthly and annual subscriptions and total them up to find the overall total income for each month through the monthly subscriptions and the annual income through the annual subscriptions. This is important at it is a query which will find the total income saving time having to go through and adding up all the numbers by hand.





Distributed Database Solution
Introduction
Using the Cycles to Share case study, a proposed distributed database design that can be used to distribute the information according to the proposed requirements presented in the case study is required. A suitable fragmentation schema for the system will be created:
· In the case of horizontal fragmentation, identify the set of predicates (where conditions) that will be used to form the fragments.
· In the case of vertical fragmentation, the attributes (columns) making up the fragments.
· In the case of mixed fragmentation, identify the combination of vertical and horizontal fragments.
· In the case of derived fragmentation, identify the child fragments to be derived from which parent fragment.

What is a Distributed Database?
A distributed database is a database in which the storages method is not all connected to the same processor [1]. This means that it can be stored on more than one computer in the same location linked by a local area network, or can even be stored over long distance linked by telecommunication lines. The data at any location is accessible	 to users at the other sites.
As data is stored over multiple computers distributed databases can improve the performance for the end user as it allows transactions to be processed on more than one computer.

Fragmentation
Fragmentation is the process in which the database is divided into many smaller parts which then can be stored in a different location. This process must be done in such a way the reconstruction of the original database from the fragments must be accomplishable. There are four different types these include:
· Horizontal fragmentation – Consists of a subset of tuples (rows) of a relation.
· Vertical fragmentation – Consists of a subset of the attributes (columns) of a relation.
· Mixed fragmentation – Mixed fragmentation combines both the horizontal and vertical fragmentation methods.
· Derived fragmentation – Derived fragmentation is based on horizontal fragment of a parent relation.


Schema
City
The City table will not require fragmentation this is because does not contain many fields this means that fragmentation would not be required. This is because the company will very rarely open in a new city meaning that a fragmentation is not required.
 
Station
The Station table will not require fragmentation this is because does not contain many fields this means that fragmentation would not be required. This is because the company will very rarely open in a new station meaning that a fragmentation is not required.

Account
The Account table will be fragmented vertically this will be into two tables including an AccountDetails and AccountPayment. 

AccountDetails
AccountNo, RegistrationDate, FirstName, Surname, DateOfBirth, Email, Password, PhoneNumber, Address, CityCode, Postcode

AccountPayment
AccountNo, PaymentDate, PaymentCard, PaymentCardCVC

Bike
The Bike table will be fragmented horizontal through the “Status” column, it will split the table into bikes which are “Ready” and bikes which are “Unavailable”.

RentalBike
The RentalBike table will be fragmented vertically this will be into two tables including a BikePickupDetails and BikeChargesDetails. 

BikePickupDetails 
RentalNo, BikeCode, PickupDateTime, ReturnDateTime, ReturnStation

BikeChargesDetails 
RentalNo, BikeCode, HireCharge, LostLockCharge, DamagesCharge, Comments

AccountSubscription
The AccountSubscription table will be fragmented horizontal through the “SubscriptionType” column, it will split into three tables these include “Monthly”, “Annually” and “Pay Per Ride”. 

Tariff
The Tariff table will not require fragmentation this is because does not contain many fields this means that fragmentation would not be required. The tariff will not be required for updating often meaning that a fragmentation is not required.

Conclusion
Throughout the report the performance tuning for the database has been looked with reasoning behind why the specific secondary indexes were chosen. Furthermore, distributed database and fragmentation were looked at with a suitable fragmentation schema being created.
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