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Cycles to Share are a small company whom operate their business out of Swansea in providing their customers with a bike share scheme. The customers whom are registered with the company can hire a bike for a specific duration on a pay as you go basis or an annual membership. Due to its rise in popularity, the company have decided to expand their services to other parts of Wales. In order to support their growing customer base and their services they offer, Cycles to Share have decided to upgrade their IT systems. As part of this process, Cycles to Share require implementing a distributed database model. The proposal is to distribute the ever-growing customer base and the bike hire system at a regional level. 
[bookmark: _Toc3993756]Abstract
The following report has been constructed in order to assist the small company Cycles to Share with solving their database problems. Using Microsoft SQL Server, a database was constructed in order to implement the Cycles to Share case study. 
[bookmark: _Toc3993757]Performance Tuning
The following section of the report includes the investigation committed into the most important transactions for Cycles to Share in order to improve query performances. 
A query is a request for information from a database. There are three methods in order to pose these queries. The first method is choosing parameters from a menu. Within this method, the database system will present a list of parameters from which the user will be able to choose. The second is QBE also known as query by example, the system presents blank records and allows the user to specify the fields and values that define the query. Finally, many database systems require the users to make requests for the information in the form of a stylized query that requires to be written in a special language. This type of query is known as query language and is known to be the most complex method as it compels the user to learn a specialized language. 
Queries can accomplish multiple tasks. Primarily, queries are used to filter and find specific data. Queries are also enabled to calculate and or summarize data, along with automate data management tasks. As explained above there are multiple examples of queries that can be used such as parameter, totals, crosstab, make table, append and delete.
Within a relationship database which contains records and rows of valuable information, the SELECT statement query allows the user to choose data and return it from the database to an application. The SELECT statement can be broken down into categories such as FROM, WHERE and ORDER BY. 
The use of data queries within the Cycles to Share database are important to be utilized as they enhance the performance of the database and allow for a better approach when viewing and updating the database. Despite all of the tables being important for their own respective attribute to the company, there are a few tables which could be considered important and/or will be frequently executed by the Cycles to Share database. The important and/or frequently executed tables can be considered as;
· Account
· Bike
· Rental
· RentalBike
The remaining three tables are important however they will not be accessed as much as the stated tables above. The bullet pointed tables above will be accessed and executed more than any table within the database. SQL Language Statements such as Data Manipulation Language (DML), Data Definition Language (DDL) and Transaction Control Language (TCL) can be utilized within this database. 
DML will allow for the inclusion of populating the Database by using ‘INSERT’ and also to update and delete records by using ‘UPDATE’ and ‘DELETE’. The ‘SELECT’ function can be used to filter columns within the database. The ‘SELECT’ function has been implemented into the Account Table and the Bike Table. The Account Table will ‘ORDER’ the Surname firstly with the First name followed behind. This index allows for a better comprehensive search as there can be multiple people with the same names meaning it will be easier to ‘ORDER BY’ surname first. The Bike Table has the inclusion of displaying Bikes ‘Available’ by using the ‘WHERE’ function to display the bike status. There has also been an inclusion of a ‘SELECT’ statement within the AccountSubscription Table, this will allow the EndDate column to have an equal to or greater than date than the StartDate column. The secondary indexes within this have also been added into the database in order to improve the performance, the columns have also been selected as they allow the database to function in a suitable way that introduces the user to an easy method of operating. When populating the database there were two main websites used [1] & [2] in generating random data in order to insert realistic records. 
DDL will allow for the creation and modification of the structure within the database. ‘ALTER’ will be used to alter the structure of the database, ‘DROP’ is also used to delete objects from the database. The ‘ALTER’ and ‘DROP’ commands were used in order to combat the mishaps that conflict with the other commands used within the database. The ‘ALTER’ command was also used into creating constraints and foreign keys early on within the database, however they were later dropped as it complicated the database. 
TCL commands deal with the transactions within the database, ‘COMMITS’ commit a transaction, ‘ROLLBACK’ rollbacks a transaction in case of any errors that might occur. ‘SAVEPOINT’ and ‘SET TRANSACTION’ sets a save point within a transaction and specify characteristics for the transaction respectively. TCL was used within the RentalBike Table, it was constructed in order to only allow the customers to obtain a maximum of 6 bikes to rent. Although room for improvement, the command effectively restricts the user from obtaining more than 6 bikes. The hire charge for the bike is set to £3 each, thus if the total appears to be over £18 it means that more than 6 bikes have been obtained. This will distribute and error by using the ‘RAISEERROR’ command. 
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This section of the report will include a proposed distributed database design that can be used in order to distribute the information according to the proposed requirements that have been presented with the Cycles to Share case study. This section will include a suitable fragmentation schema for the system by identifying the fragmentation strategy applied to each table with detailed description into the reasons for the choices that have been made. 
As data within a database has been modified, the database and its indexes will become fragmented. When indexes become fragmented the ordered data retrieval will become less efficient and reduces database performance. Although SQL Server automatically maintains indexes after any commands such as ‘INSERT’, ‘UPDATE’, ‘DELETE’ or ‘MERGE’, some index maintenance activities on the database may still be required.
There are 4 different types of fragmentation. These types are Horizontal, Vertical, Mixed and Derived. 
Horizontal consists of a subset of tuples (rows) of a relation. Below consists of a diagram of Horizontal Fragmentation:
	

	

	


	

	

	


	

	

	


	


Vertical consists of a subset of the attributes (columns) of a relation. Below consists of a diagram from the Vertical Fragmentation:
	
	
	


	
	
	


	
	
	



Mixed consists of a horizontal fragment that is subsequently vertically fragmented or a vertical fragment that is then horizontally fragmented. Below are diagrams of Mixed Fragments:	
	

	

	




Derived is a horizontal fragment that is based on the horizontal fragmentation of a parent relation. There also could be no fragmentation, a final strategy is not to fragment a relation. If a relation is small and not updated frequently. 
Each table will obtain a different fragmentation strategy to be applied. There are four strategies, these strategies are centralized, fragmented, complete replication and selective replication. There are positives and negatives to each strategy and in doing so causes difficulties when deciding which table will have the better strategy allocated. Below is a comparison for the strategies:
	
	Locality of reference
	Reliability & availability
	Performance
	Storage Costs
	Communication Costs

	Centralised
	Lowest, except central site
	Lowest
	Unsatisfactory
	Lowest
	Highest

	Fragmented
	High*
	Low for item;
High for system
	Satisfactory
	Lowest
	Low*

	Complete replication
	Highest
	Highest
	Best for read
	Highest
	High for update;
Low for read

	Selective replication
	High
	Low for item;
High for system
	Satisfactory*
	Average
	Low*


[3].
There are also three rules that must be followed when looking at the correctness of fragmentation, these rules are:
· Completeness – This ensures there is no loss of data
· Reconstruction – This ensures that functional dependencies are preserved
· Disjointness – This ensures minimal data redundancy 
Reconstruction of a gloabal relation from its fragments are performed by the union operator in both the primary and the derived horizontal fragmentation. This means for a relation ‘R’ with fragmentation	Fr = {R1, R2….Rw}	R = U Ri, VRi ϵ Fr
When creating the database and inputting the tables it was best to allocate a suitable strategy into each table. Although centralised, fragmented and complete replication could work within individual tables respectively, for the process and ease of the creation of the database it was suitable to implement the selective replication as the strategy to be placed into the tables as it is commonly used as a strategy because of its flexibility with containing a combination of fragmentation, replication and centralisation within it. The tables that have been created for Cycles to Share are highlighted below and will contain the appropriate types of fragmentation within:
City and TariffRate:
Will not be needed to fragment as it contains a small number of records.
Station:
The station table has mixed fragmentation links with the city table. The same CityCode and will appear with a different station name within the station table. The Name (StationName) will be different as different station names will be registered to different city codes however the city codes will be already set.
Account:
The account table has horizontal links with the city table. The same CityCode will appear within the account table however there will be different columns. The fragments may form the foreign key that has been included. The foreign key must match its constraint too. 
Bike:
The bike table has horizontal links with the station table. The same StationCode will appear within the account table however there will be different columns. The fragments may form the foreign key that has been included. The foreign key must match its constraint too.
Rental:
The rental table has vertical links with the account table as they contain the columns with the same fields such as RentalNo and AccountNo however these fields will contain different data. 
RentalBike:
The rental bike table has vertical links with the bike table and rental table as they contain columns with the same fields such as RentalNo and BikeCode however these fields will contain different data. 
AccountSubscription:
The account subscription table has horizontal links with the account table. The same AccountNo will appear within the account table however there will be different columns, yet the data will be the same. The fragments may form the foreign key that has been included. The foreign key must match its constraint too.
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In conclusion, the report highlights and documents key components within SQL and what has been included within the Cycles to Share database. The report is based on the created Cycles to Share database case study which was completed through the use of Microsoft SQL Server Management. The report carries on from the database and discusses the major factors and a continuation of analyzing of the database. As Cycles to Share grows, their customer base also grows with them. The need for the new and improved database was well and truly needed. Other growing companies need to follow in the direction of Cycles to Share otherwise they risk falling into a trap of non-progression. 
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